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THE  MATERIALS  RESEARCH  SOCIETY 

The  Materials  Research  Society  (MRS)  is  an  organization  of  technical  professionals  from  a  wide  variety  of  scientific 
and  engineering  disciplines.  Its  primary  purpose  is  to  hold  symposia  on  topics  of  materials  research  which,  because 
of  their  multidisciplinary  nature,  do  not  have  adequate  forums  within  the  more  traditional  societies.  Through  these 
symposia,  MRS  attempts  to  promote  interactions  between  chemists,  physicists,  metallurgists,  engineers,  etc.,  who 
are  studying  different  aspects  of  a  particular  materials  topic.  Membership  in  the  Materials  Research  Society  is  open  to 
anyone  who  has  an  interest  in  materials  development,  processing,  or  characterization. 

MEMBERSHIP  BENEFITS  INCLUDE: 

1.  Automatic  mailing  of  the  call  of  papers  booklet  and  the  preliminary  program  for  both  the  Fall  and  Spring  meetings. 

2.  A  subscription  to  Journal  of  Materials  Research,  an  archival  interdisciplinary  journal  which  is  the  official  journal  of 
the  Material  Research  Society. 

3.  The  MRS  BULLETIN,  a  monthly  news  publication  which  contains  summaries  of  the  Society  symposia,  news  of 
Society  members,  announcements  of  meetings,  and  other  activities  sponsored  or  co-sponsored  by  MRS,  and 
news  about  developments  in  research  and  industry. 

4.  A  listing  in  and  a  copy  of  the  MRS  Membership  Director,  which  is  published  yearly. 

5.  Opportunity  to  purchase  MRS  symposium  proceedings,  monographs,  and  videotapes  at  special  member  pries 
that  are  15-25°/o  off  list  price.  This  numbered  series  has  become  a  standard  reference  in  many  areas  of  materials 
science.  Over  126  volumes  have  been  published  in  this  well  respected  series. 

6.  Opportunity  to  purchase  technical  books  from  other  scientific  publishers  at  substantial  savings. 

7  Reduced  subscription  rates  for  journals  published  by  the  American  Institute  of  Physics  through  the  MRS  affiliation 
with  AIP. 

8.  Special  personal  subscription  rates  for  Materials  Letters,  a  letters  journal  published  by  North-Holland. 

The  membership  fee  is  $65  for  the  1990  calendar  year.  Student  membership  is  $20  per  year,  but  does  not  include  a 
subscription  to  Journal  of  Materials  Research.  Student  members  of  MRS  may  subscribe  to  JMR  for  $15  in  addition  to 
their  $20  dues. 

A  free  descriptive  brochure  on  the  Society  is  available.  Contact: 

Materials  Research  Society 
9800  McKnight  Road 
Pittsburgh,  Pennsylvania  15237  USA 
(412)  367-3003 
FAX  (412)  367-4373 

On-site  meeting  operations  are  handled  by  The  Complete  Conference,  Sacramento,  CA,  Marilyn  Hauck,  President. 
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■WELCOME  TO  THE  MATERIALS  RESEARCH- 
SOCIETY’S  1989  FALL  MEETING 


Welcome  to  Boston  for  the  1989  Fall  Meeting!  The  program  is  diverse  —  covering  the 
familiar  MRS  Fall  Meeting  topics  as  well  as  several  new  symposium  topics  not  previ¬ 
ously  covered  in  MRS  meetings.  We  will  also  be  experimenting  with  live  video  broad¬ 
casts  of  two  Symposia  between  the  Marriott  and  Westin  Hotels.  This  meeting  is 
comprised  of  24  symposia  with  over  2,400  accepted  papers,  making  it  the  largest  MRS 
meeting  to  date! 

On  Monday  evening  we  are  delighted  to  welcome  Robert  N.  Noyce,  who  will  present  the 
Plenary  address.  Noyce  is  a  pioneer  in  the  electronics  industry;  he  is  president  and 
chief  executive  officer  of  SEMATECH  as  well  as  vice-chairman  of  Intel  Corporation.  The 
Von  Hippel  Award  will  be  presented  to  honor  both  the  Von  Hippel  winner  and  the  Fall 
1989  Graduate  Student  Award  winners.  Several  evening  poster  sessions  will  be  held  in 
the  Westin  Hotel  during  the  meeting;  complimentary  snacks  and  beverages  will  be 
served. 

In  addition  to  the  oral  and  poster  sessions,  many  other  activities  are  scheduled  to 
interest  you.  The  Equipment  Exhibit  will  be  held  Tuesday  through  Thursday  in  the 
Marriott  Hotel.  Symposium  X  will  feature  a  series  of  authoritative  reviews  covering 
relevant  topics  for  the  non-specialist  during  the  noon  hours  on  Tuesday  through  Thurs¬ 
day.  To  complement  the  technical  program,  22  MRS  short  courses  are  scheduled 
throughout  the  week. 

Finally,  we  want  to  take  this  opportunity  to  thank  the  symposium  organizers  for  assem¬ 
bling  an  excellent  and  stimulating  program.  The  staff  at  MRS  Headquarters  and  The 
Complete  Conference  haw  worked  diligently  to  streamline  this  program  into  a  coherent 
form.  The  MRS  officers,  Program  Committee,  Publicity  Committee,  Short  Course  Man¬ 
ager,  and  others  have  given  invaluable  help  and  advice.  On  behalf  of  the  above,  we 
welcome  you  to  Boston  and  wish  you  a  stimulating,  productive,  and  enjoyable  week. 


Gary  L.  McVay 

Pacific  Northwest  Laboratory 


James  C.  Mikkelsen,  Jr. 

Xerox  Palo  Alto  Research  Center 


Robert  J.  Nemanich 
North  Carolina  State  University 
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MRS  would  like  to  remind  you  that  to  attend  MRS  Symposia,  you  must  be  wearing  your  1989  Fall  Meeting  Registra¬ 
tion  badge.  If  you  have  not  registered,  please  do  so.  Registration  Is  located  on  the  fourth  floor  of  the  Boston  Marriott. 
MRS  appreciates  your  cooperation  in  net  smoking  or  taking  flash  photographs  in  Symposium  or  Short  Course 
rooms. 
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■A  MESSAGE  FROM  THE  PRESIDENT* 


Over  the  last  12  months  more  than  100  people,  including  volunteer  organizers  and 
MRS  staff  members,  have  been  preparing  what  we  believe  will  be  one  of  the  most 
exciting  Boston  meetings  to  date.  Over  2,400  abstracts  are  in  the  program,  and  we  are 
projecting  a  record  attendance  of  over  4,000  people. 

The  meeting’s  main  focus  is  the  technical  symposia  organized  by  Chairs  Gary  L. 
McVay  of  Pacific  Northwest  Laboratories,  Robert  J.  Nemanich  of  North  Carolina  State 
University,  and  James  C.  Mikkelsen  Jr.  of  Xerox.  Following  the  traditions  of  interdiscipli¬ 
nary  programming,  the  symposia  will  cover  a  very  diverse  materials  area,  ranging  from 
electronic  materials  and  polymers  to  nuclear  waste  and  specialty  cements.  Oral  pre¬ 
sentations  and  posters  will  keep  the  attendees  informed  of  the  latest  breakthroughs, 
allowing  maximum  interaction  among  the  researchers. 

The  Society  has  invited  Robert  N.  Noyce,  a  pioneer  in  the  electronics  industry  and  chief 
executive  officer  of  SEMATECH,  to  present  the  Plenary  Address  on  Monday  evening, 
November  27.  The  1989  Von  Hippel  Award  will  be  presented  to  John  Goodenough  on 
Wednesday  evening,  November  29;  the  Graduate  Student  Award  winners  will  be  recog¬ 
nized,  and  the  ceremonies  will  be  followed  by  a  wine  and  cheese  reception. 

Don’t  miss  the  special  display  of  MRS  Proceedings  at  both  hotels  for  browsing  and 
ordering;  check  the  Short  Course  Program  developed  to  complement  the  technical 
meeting,  and  be  sure  to  visit  the  Equipment  Exhibit  and  Job  Placement  Center.  Many 
hours  of  work  have  been  devoted  to  planning  a  meeting  you  won’t  want  to  miss.  I  look 
forward  to  meeting  you. 


R.P.H.  Chang 
1989  MRS  President 


■GRADUATE  STUDENT  AWARDS" 


Outstanding  performance  by  graduate  students  who  are  presenting  significant  and 
timely  research  and  who  are  participating  in  the  MRS  1989  Fail  Meeting  as  an  attendee 
and  author  or  co-author  of  a  symposium  paper  will  receive  their  awards  during  the  Von 
Hippel  ceremony  Wednesday  evening. 


■GRADUATE  STUDENT  MIXER" 


All  graduate  students  and  members  of  MRS  student  chapters  are  invited  to  attend  a 
reception  on  Tuesday,  November  28,  5:00  -  6:30  p.m.,  in  the  Regis  Room,  Marriott 
Hotel.  Refreshments  will  be  served.  Student  chapters  are  a  vital  part  of  MRS  providing 
discussion  between  students  and  faculty  and  promoting  student  interest  in  materials 
science.  Don’t  miss  this  opportunity  to  meet  with  others  involved  in  MRS  student  activi¬ 
ties. 


■SYMPOSIUM  Xi 


MRS  is  pleased  to  announce  that  Symposium  X  will  be  broadcast  live  via  satellite  to 
selected  university  and  industrial  laboratories  by  PBS  on  Monday,  November  27, 1989. 
To  accommodate  MRS  meeting  attendees  interested  in  attending  this  popular  noon¬ 
time  symposium,  it  is  held  between  noon  and  1:30  p.m.  daily  in  the  Staffordshire  Room 
at  the  Westin  Hotel.  Box  lunches  will  be  available  at  the  symposium  door  for  your 
convenience.  Be  sure  to  check  the  Meeting  Guide  available  at  the  meeting  for  final 
scheduling  details. 


■SYMPOSIUM  BROADCASTS* 


Symposium  M:  High  Temperature  Superconductors,  may  be  viewed  simultaneously  in 
the  Marriott  Hotel  and  the  Westin  Hotel;  and  Symposium  F:  Diamond,  Boron  Nitride, 
Silicon  Carbide  and  Related  Wide  Bandgap  Semiconductors,  may  be  viewed  simulta¬ 
neously  in  the  Marriott  Hotel  and  the  Westin  Hotel.  Check  the  Activities  Locator  in  the 
Meeting  Guide  for  daily  locations  at  each  hotel. 
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■1989  MRS  MU  MEETING  ACTIVITIES" 


Activity  Location  Time 


Information  Desk/Message  Center 

Fourth  Floor  Lobby,  Marriott  Hotel 
Third  Floor  Lobby,  Westin  Hotel 

Sunday,  4:00  p.m.-9:00  p.m. 

Monday,  7:00  a.m.-7:00  p.m. 

Tuesday,  7:30  a.m.-5:00  p.m. 
Wednesday,  7:30  a.m.-5:00  p.m. 
Thursday,  7:30  a.m.-5:00  p.m. 

Friday,  7:30  a.m.-12:00  noon 

Meeting  Registration 

Fourth  Floor  Lobby,  Marriott  Hotel 

MRS  Publication  Sales 

Fourth  Floor  Lobby,  Marriott  Hotel 
Third  Floor  Lobby,  Westin  Hotel 
(Monday -Friday) 

Short  Course  Registration 

Fourth  Floor  Lobby,  Marriott  Hotel 

Sunday,  11:30  a.m.-l  :30  p.m. 

and  4:00  p.m.-9:00  p.m. 

Monday,  7:00  a.m.-7:00  p.m. 

Tuesday,  7:30  a.m.-5:00  p.m. 
Wednesday,  7:30  p.m.-5:00  p.m. 
Thursday,  7:30  a.m.-5:00  p.m. 

Friday,  7:30  a.m.-9:00  a.m. 

Short  Course  Program 

(Check  with  Information  Desk 
for  location  of  individual  courses.) 

Daily,  8:30  a.m.-4:30  p.m. 

Coums  M06  and  COB  w»  meat  on  Sunday 

November  26, 1:00  p.m.-6:00  p.m.,  and  on 

Monday,  November  27, 8:00  a.m.-4:30  p.m. 

Manuscript  Center 

Cape  Cod  Room,  Marriott  Hotel 

St.  George  A,  Westin  Hotel 

Open  Monday-Friday 

7:30  a.m. -5:30  p.m. 

Slide  Preview  Area 

Near  Information  Desk 

Fourth  Floor  Lobby,  Marriott  Hotel 
Third  Floor  Lobby,  Westin  Hotel 

Open  Monday-Friday 

7:30  a.m.  -  5:00  p.m. 

Symposium  X 

Live  National  Satellite 

Broadcast 

Staffordshire  Room 

Westin  Hotel 

Monday,  November  27 

12:05 -1:25  p.m. 

(Box  lunches  abatable  for  purchase  at  tha  door) 

Symposium  Broadcast: 

Wide  Bandgap  Semiconductors 
High  Temperature 
Superconductors 

Suffolk  Room 

Marriott  Hotel 

Essex  North  West 

America  Lobby 

Westin  Hotel 

Tuesday-Friday  noon 

Monday-Tuesday 

Wednesday-Friday 

Equipment  Exhibit 

OaMyto  lundi  mMD  daly  in 

Equipment  Ext**,  Noon-1  :X  p.m. 

University  Hall,  Third  Floor 

Marriott  Hotel 

Tuesday,  12:00  noon  -  7:00  p.m. 

Reception,  5:00  p.m.  -  7:00  p.m. 
Wednesday,  9:30  a.m.  -  5:00  p.m. 
Thursday,  9:30  a.m.  -  2:00  p.m. 

Poster  Sessions 

America  Ballroom,  Fourth  Floor 
Westin  Hotel 

Tuesday,  7:00  p.m.  - 10:00  p.m. 
Wednesday,  8:00  p.m.  - 10:00  p.m. 
Thursday,  7:00  p.m.  - 10:00  p.m. 

Plenary  Session,  Robert  N.  Noyce 

Salon  E,  Marriott  Hotel 

... 

Monday,  6:00  p.m. 

Graduate  Student  Mixer 

Regis  Room,  Marriott  Hotel 

Tuesday,  5:00  p.m.  -  6:30  p.m. 

Von  Hippei  Award  Presentation 
and  Lecture 

Graduate  Student  Awards 

Salon  E,  Marriott  Hotel 

Wednesday,  6:00  p.m. 

Reception  Following 

tlOO  rMCrnlNvIV  vlnlOr 

ffw,  16 JO  far  GmpioymErt  rndlrl^w,  16000  far  •mptayn 

Harvard  Room,  Third  Floor 

Marriott  Hotel 

Tuesday-Thursday, 

9:00  a.m. -5:00  p.m. 

■PLENARY  SESSION" 


Monday,  November  27, 1989 
6:00 -7:00  p.m. 

Boston  Marriott  Copley  Place 
Salon  E 


Robert  N.  Noyce 

Chief  Executive  Officer,  SEMATECH 


Robert  N.  Noyce,  a  pioneer  in  the  electronics  industry,  is 
President  and  CEO  of  SEMATECH  and  vice  chairman  of 
Intel  Corporation. 

Noyce  graduated  from  Grinnell  College  with  a  BS  degree 
in  physics  and  mathematics  and  earned  his  Ph.D.  in 
physical  electronics  at  the  Massachusetts  Institute  of 
Technology.  Following  graduation,  Noyce  engaged  in  re¬ 
search  at  Philco  Corporation  and  Shockley  Semiconduc¬ 
tor  Laboratory.  He  co-fbunded  Fairchild  Semiconductor 
Corporation  in  1957  and  with  Jack  Kilby  of  Texas  Instru¬ 
ments  invented  the  integrated  circuit. 

In  1968,  Noyce  co-fbunded  Intel  with  long-time  associate 
Gordon  E.  Moore  with  the  objective  of  making  large-scale 
integration  a  practical  reality.  Today,  the  company  is  the 
nation’s  third-largest  semiconductor  producer. 


Noyce  was  a  founding  member  and  the  first  president  of 
the  Semiconductor  Industry  Association.  He  also  was  a 
member  of  the  President’s  Committee  on  Industrial  Com¬ 
petitiveness  and  the  Defense  Science  Board. 

Noyce  is  a  member  of  the  National  Academy  of  Science, 
the  National  Academy  of  Engineering,  the  American 
Academy  of  Arts  and  Science,  and  holds  16  patents  for 
semiconductor  devices,  methods  and  structures.  He  and 
Jack  Kilby  have  jointly  received  the  Ballantine  Medal  of 
the  Franklin  Institute  and  the  Cledo  Brunetti  Award  of  the 
IEEE  for  inventing  the  integrated  circuit.  He  and  Gordon 
Moore  have  received  the  AFIPS  Harry  Goode  Award  for 
leadership  in  computer  science.  Noyce  also  has  been 
awarded  the  National  Medal  of  Technology,  National 
Medal  of  Science,  the  I.E.E.  Faraday  Medal,  and  the 
IEEE  Medal  of  Honor. 
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■ 1989  VON  HIPPEL  AWARD  LECTURE* 


Wednesday,  November  29, 1989 
6:00  p.m. 

Salon  E 
Marriott  Hotel 


The  Materials  Research  Society  proudly  presents  its 
1989  Von  Hippel  Award  to  Professor  John  B.  Goode- 
nough.  The  Award  honors  his  distinguished  contributions 
to  the  field  of  solid  state  sciences,  where  his  insights, 
ideas,  knowledge  and  research  have  consistently  drawn 
together  the  basic  concepts  of  physics  and  chemistry  in 
the  conquest  of  wide-ranging  fundamental  topics. 
Through  the  years,  his  work  can  be  said  to  have  built  the 
principal  conceptual  foundations  of  the  science  of  solid 
state  chemistry. 

Professor  Goodenough  has  made  pioneering  contribu¬ 
tions  in  many  experimental  fields,  including  such  diverse 
topics  as  development  of  ferrite-core  random  access 
memories,  high  pressure  studies  of  perovskites,  and  the 
analysis  of  lithium  ion  conductivity  in  spinels.  He  has  ad¬ 
dressed  the  electronic  structure  of  complex  materials, 
with  concepts  fundamental  to  chemical  bonding.  In  the 
days  before  band  structure  calculations  were  routine, 
Professor  Goodenough  succeeded  in  constructing,  quali¬ 
tatively,  the  band  structures  of  most  important  semicon¬ 
ductors,  oxides  and  metallic  compounds.  His  1963  book 
on  “Magnetism  and  the  Chemical  Bond”  remains  a  clas¬ 
sic  reference  in  the  field.  A  similar  intuitive  approach  un¬ 
derlies  Professor  Goodenough 's  classic  analysis  of 
superexchange  mechanisms  and  of  metal-insulator  tran¬ 
sitions.  His  work  on  Mott  localization  in  oxides  is  of  funda¬ 
mental  significance.  Professor  Goodenough ’s  work  on 
the  electronic  structure  of  transition  metal  compounds 


John  B.  Goodenough 
Virginia  H.  Cockrell 
Centennial  Chair  of  Engineering 
University  of  Texas  at  Austin 


has  covered  magnetic-exchange  interactions,  localized 
treatment  of  outer  electrons,  martensitic  phase  transfor¬ 
mation  mechanisms,  and  structure  of  ferroelectrics  and 
bronzes.  He  has  studied  the  electronic  structure  of  metals 
based  on  the  interactions  of  Fermi  surfaces  with  Brillouin- 
zone  surfaces  in  reciprocal  space.  He  has  recently  inves¬ 
tigated  the  electron  pairing  mechanism  in  high-Tc 
superconductor  structures. 

Professor  Goodenough  has  also  made  key  contributions 
in  the  field  of  materials  for  alternate  energy  technologies. 
These  include  solid  electrolytes,  solid-solution  storage¬ 
cell  electrodes,  photoelectrolysis  of  water  with  sunlight, 
wavelength-selective  coatings  for  solar  collectors,  zeoli¬ 
tes  for  air  conditioning  with  solar  energy,  catalytic  elec¬ 
trodes  and  heterogeneous  catalysis. 

Professor  Goodenough  graduated  from  Yale  University 
with  a  B.A.  in  Mathematics  in  1943  and  obtained  his  Ph.D. 
in  Physics  at  the  University  of  Chicago  in  1952.  His  re¬ 
search  in  electronic  materials  (chemistry)  continued  at 
the  Lincoln  Laboratory  until  his  move  in  1976  to  the  Uni¬ 
versity  of  Oxford  as  Professor  and  Head  of  the  Inorganic 
Chemistry  Laboratory.  In  1986  he  accepted  the  Virginia 
H.  Cockrell  Centennial  Chair  of  Engineering  at  The  Uni¬ 
versity  of  Texas  at  Austin. 

The  Von  Hippel  Award  of  the  Materials  Research  Society 
honors  Professor  Goodenough’s  accomplishments  for 
their  depth  and  diversity,  exemplifying  the  possibilities  of 
interdisciplinary  materials  research. 
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■JOB  PLACEMENT  CENTER" 


The  MRS  Job  Placement  Center  is  organized  and  operated  by  the  American  Institute  of  Physics.  The  Center  is 
conveniently  located  on  the  third  floor  of  the  Boston  Marriott  Copley  Place  and  will  be  open  from  9:00  a.m.  -  5:00 
p.m.,  Tuesday  through  Thursday.  Individuals  using  the  interviewing  facilities  to  seek  employment  must  register  by 
completing  an  employment  candidate  form  obtainable  from  MRS  Information,  Sunday  afternoon  and  Monday. 


■EQUIPMENT  EXHIBIT* 

Boston  Marriott 

Tuesday-Thursday,  November  28-30, 1989 

As  part  of  the  1989  Fall  Meeting,  a  major  equipment  exhibit  will  be  held  to  display  analytical  and  processing 
equipment  closely  paralleling  the  nature  of  the  technical  symposia.  The  exhibit  will  be  on  the  third  floor  of  the  Boston 
Marriott  Hotel,  convenient  to  symposium  meeting  rooms.  The  technical  program  has  been  arranged  to  allow 
meeting  participants  ample  opportunity  to  visit  the  exhibit. 

Show  Hours 

Tuesday  12:00  noon -7:00  p.m. 

Reception  5:00  p.m.  -  7:00  p.m. 

Wednesday  9:00  a.m.  -  5:00  p.m. 

Thursday  9:00  a.m.  -  2:00  p.m. 


Academic  Press 
Advanced  Materials  Engineering 
Research 
AIXTRON  GmbH 
Alcatel  \fecuum  Products,  Inc. 

American  Chemical  Society 
American  Institute  of  Physics 
Amplifier  Research 
Anatech  Ltd. 

APD  Cryogenics,  Inc. 

Aries/QEI 

ASTeX/ Applied  Science  &  Technology 
ATM.  Inc. 

Balzers 

Beam  Alloy  Corporation 
Blake  Industries,  Inc. 

Edmund  Buehler  Co.  GmbH 
Cahn  Instruments,  Inc. 

Came ca  Instruments,  Inc. 

Ceramaseal 
Chapman  and  Hall 

Commonwealth  Scientific  Corporation 
CVC  Products,  Inc. 

Denton  Vacuum,  Inc. 

Duniway  Stockroom  Corporation 
E  A.  Fischione  Instrument 
Manufacturing 

Edwards  High  Vacuum  International 
EG&G  Princeton  Applied  Research 
Elsevier  Science  Publishing  Company, 
Inc. 

Charles  Evans  &  Associates 
FEI  Company 
Gatan,  Inc. 

Goodfeilow  Metals  Cambridge  Ltd. 
Granvflle-Phillips  Co. 

High  Vacuum  Apparatus  Manufacturing, 

Hitachi  Scientific  Instruments 
HPS  Division 
Huntington  Laboratories 


EXHIBITORS 

Image  Micro  Systems,  Inc. 

Implant  Sciences  Corporation 
INEL,  Inc. 

Innovative  Technology,  Inc. 

Instruments  SA,  Inc. 

International  Scientific  Instruments,  Inc. 
ton  Tech,  Inc. 

Janis  Research  Company 

JCPDS-ICDD 

JEOL  U.S.A.,  Inc. 

Kaiser  Systems,  Inc. 

Keithley  Instruments 
Kevex  Instruments 
Kimball  Physics,  Inc. 

Kratos  Analytical 

Lake  Shore  Cryotronics,  Inc. 

Lambda  Physik 
Lehighton  Electronics,  Inc. 

Kurt  J.  Lesker  Company 
Leyboid  Inficon 
Leyboid  Vacuum  Products 
Materials  By  Matron 
McAllister  Technical  Services 
M DC  Vacuum  Products  Corporation 
Microsciencfl,  Inc. 

MKS  Instruments 
MMR  Technologies,  Inc. 

National  Electrostatics  Corporation 
Nesiab  Instruments 
Netzsch  Incorporated 
NGS  Associates,  Inc. 

Nicotet 

North  Eastern  Analytical  Corporation 
Omlcron  Associates 
Oxford  Instruments 
Oxford  University  Press 
Peabody  Scientific 
Pergamon  Press 
PeridrvElmer  Corporation 
Philips  Electronic  Instruments 
Phystoon  Corporation 


Plasma  Technology 
Plenum  Publishing  Corporation 
Princeton  Gamma-Tech 
Princeton  Instruments,  Inc. 

Process  Products  Corporation 
Quantachrome  Corporation 
Quantum  Design,  Inc. 

RHK  Technology,  Inc. 

RigakuAJSA 
RMC-Cryosystems 
Rudolph  Instruments 
Rudolph  Research 
Scientific  Instruments 
Scintag,  Inc. 

Siemens  Analytical  X-Ray 
South  Bay  Technology,  Inc. 

Spectra  Instruments 
Spectra-Tech,  Inc. 

Spire  Corporation 
Springer-Vartag  NY,  Inc. 

Structure  Ptobe/SPI  Supplies 
SULA  Technologies 
Superconductive  Components,  Inc. 
Sycon  Instruments,  Inc. 

Tencor  Instruments 
Tbermionics  Laboratory 
Ultra  High  Vacuum  Instruments,  Inc. 
Vacuum  Barrier  Corporation 
Varian/Vacuum  Products 
VAT,  Inc. 

VCR  Group 
VG  Instruments 
Virginia  Semiconductor,  Inc. 

Vottaix,  Inc. 

Walff  Associates 
Waterloo  Scientific 
Wavemat,  Inc. 

John  Wiley  &  Sons 
Carl  Zeiss,  Inc. 


■MRS  SHORT  COURSE  PROGRAM- 


1989  MRS  FALL  MEETING 
NOVEMBER  27  •  DECEMBER  2 
BOSTON  MARRIOTT  COPLEY  PLACE 


At-Meeting 

TICte  Tliltton 

ADVANCED  MATERIALS 

M-04  Optoelectronic  Materials,  Processes,  and  Devices 
Instructor:  Mool  C.  Gupta 

Friday-Saturday,  December  1  -  2  $535 

M-05  Fabrication,  Characterization,  and  Applications  of 
High-Temperature  Superconducting  Materials 
Instructors:  David  A.  Rudman  and  Robert  E.  Schwall 
Sunday-Monday,  November  26  -  27  $535 

M-06  Growth  and  Characterization  of  Diamond  and 
Diamond-Like  Films 

Instructors:  Daniel  L.  Flamm,  Thomas  R.  Anthony,  and  Jeffrey  T, 
Glass 

Monday,  November  27  $425 

CHARACTERIZATION  OF  MATERIALS 

C-01  Modem  Materials  Analysis  Techniques 
Instructors:  James  A.  Borders,  Kenneth  H.  Eckelmeyer,  and 


Suzanne  H.  Weissman 

Monday-Wed  nesday,  November  27  -  29  $800 

C-03  Surface  and  Thin  Film  Analysis 

Instructors:  Leonard  C.  Feldman  and  James  W.  Mayer 

Friday-Saturday,  December  1  •  2  $605 

C-06  Deep  Level  Transient  Spectroscopy 
Instructor:  Charles  E.  Barnes 

Monday,  November  27  $370 

C-08  Ceramic  and  Metal  Matrix  Composites 
Instructors:  Jack  Mecholsky  and  Maurice  F.  Amateau 
Friday-Saturday,  December  1  -  2  $535 

C-09  Fractals:  Concepts  and  Applications  in  Materials  Science 
and  Engineering 

Instructors:  James  E.  Martin  and  Alan  J.  Hurd 
Sunday-Monday,  November  26  -  27  $535 

C-14  Scanning  Tunneling  Microscopy 
Instructor:  Robert  J.  Hamers 

Monday,  November  27  $370 

C-16  Scanning  Electron  Microscopy  and  X-Ray  Microanalysis 

Instructors:  David  C.  Joy  and  Dale  E.  Newbury 

Monday,  November  27  $390 


C-19  Practical  Transmission  &  Analytical  Electron  Microscopy  • 
Theory,  Practice  and  Specimen  Preparation 
Instructors:  Alton  D.  Romlg,  Jr.,  David  B.  Williams,  and  Ron  M. 
Anderson 

Tuesday-Thursday,  November  28  -  30  $800 


At-Meetlng 

Title  TUItlon 

C-20  Optical  Characterization  of  lll-V  Semiconductor  Epitaxial 
Layers 

Instructor:  Gary  W.  Wicks 

Friday,  December  1  $370 

PREPARATION  AND  FABRICATION  OF  MATERIALS 
P-05  Plasma  Enhanced  CVD  of  Thin  Films  for  Microelectronics 
Instructor:  Rafael  Reif 

Monday,  November  27  $370 

P-06  Ion  Implantation,  Diffusion,  Defects,  and  RTP 

Instructors:  Nathan  W.  Cheung,  Dennis  M.  Maher,  and  Steven  C. 

Shatas 

Friday-Saturday,  December  1  -  2  $535 

P-12  Photon-Controlled  Processing  for  Microelectronics 
Instructor:  Richard  M.  Osgood,  Jr. 

Friday,  December  1  $370 

P-14  Film  Formation,  Adhesion,  Surface  Preparation,  and 
Characterization  of  Thin  Film  Structures 
Instructor:  Donald  M.  Mattox 

Friday-Saturday,  December  1  -  2  $560 

P-15  Ohmic  Contacts  to  Compound  Semiconductors 
Instructor:  Peter  A.  Bames 

Friday,  December  1  $370 

P-16  Epitaxial  Growth  of  Compound  Semiconductors 
Instructors:  L.  Ralph  Dawson,  P.  Dan  Dapkus,  and  Gary  W. 

Wicks 

Tuesday-Thursday,  November  28  -  30  $800 

F-OI  Rim  and  Coating  Deposition  Techniques 
Instructor:  Donald  M.  Mattox 

Tuesday-Wednesday,  November  28  -  29  $560 

F-02  Plasma  Etching  for  Microelectronic  Fabrication 
Instructor:  G.  Kenneth  Herb 

Thursday,  November  30  $370 

F-04  Microelectronic  Packaging:  Materials,  Processing,  and 
Reliability 

Instructors:  Shankara  K.  Prasad  and  Rama  K.  Shukla 
Thursday-Saturday,  November  30  -  December  2  $800 

F-08  Chemical  Engineering  Aspects  of  Silicon  Integrated  Circuit 
Fabrication 

Instructors:  Isaac  Ttachtenberg  and  Dean  R  Neikirk 
Monday-Wednesday,  November  27  -  29  $770 


xi 


Advanced  Control  Systems  Corporation 
Advanced  Energy  Industries,  Inc. 
Aerospace  Corporation 
AET  addax,  Inc. 

AG  Associates 

Air  Products  &  Chemicals,  Inc. 

Aixtron,  Inc. 

Alcatel  NV 
Allied  Signal,  Inc. 

American  Cyanamid  Company 
American  Fly  Ash  Company 
Amoco  Chemical  Corporation 
Amoco  Oil  Company 
Anatech  Ltd. 

Anderson  Physics  Laboratories 
APD  Cryogenics  Inc. 

Applied  Electron  Corporation 
Applied  Materials 

Applied  Science  and  Technology,  Inc. 

(ASTEX) 

Arco  Solar,  Inc. 

AT&T  Bell  Laboratories 
BASF  Corporation 

Battelle  Pacific  Northwest  laboratories 
Bell  Communications  Research,  Inc. 
Blake  Industries,  Inc. 

BP  America,  Inc. 

Brimrose  Corporation  of  America 
Brush  Wellman  Engineered  Materials 
Cabot  Corporation 
Cameca  Instruments,  Inc. 

Chronar  Corporation 
Commonwealth  Scientific  Corporation 
Conversion  Technology 
Coming  Glass  Works 
Crystacomm,  Inc. 

Crystallume 

;  CVC  Products,  Inc. 

Denton  Vacuum  Inc. 

Dow  Chemical  Company 

Dow  Coming  Corporation 

E.l.  duPont  de  Nemours  &  Company 

Eaton  Corporation 

EG&G  Idaho,  Inc. 

,  EG&G  Princeton  Applied  Research 

I  Elatec,  Inc. 

!  Electric  Power  Research  Institute  (EPRI) 

ElectroScan  Corporation 
,  Emcore  Corporation 

Engelhard  Corporation 
|  EPI  Systems  Division  (Chorus  Corp.) 

I  Charles  Evans  &  Associates 

I  Extrel  Corporation 

l  Exxon  Research  &  Engineering  Co . 

E.A.  Fischione  Instruments  Manu. 

Ford  Motor  Company 
Foster  Miller,  Inc. 

Fuji  Electric  Company,  Ltd. 

Fuji  Xerox  Ltd. 

Fujitsu  Ltd. 

Gas  Research  Institute 
Gatan,  Inc. 

General  Motors  Corporation 
Genus  Incorporated/lonex 
Geriing  Laboratories 
Getty  Conservation  Institute 
Glasstech  Solar  Inc. 


Corporate 

-AFFILIATES- 


Goodfellow  Corporation 
Granmont,  Inc. 

Granville-Phillips  Company 
GTE  Laboratories,  Inc. 

Heraeus  Amersil 

High  Voltage  Engineering  Europa  B.V. 
Hitachi,  Ltd. 

HoechstCelanese 
Hoya  Optics,  Inc. 

HTR  Sciences 
Hughes  Aircraft  Company 
Huntington  Mechanical  Laboratories 
IBM  Corporation 
IBM  Japan,  Ltd. 

Imperial  Chemical  Industries 
Indium  Corporation 
Innovative  Technology,  Inc. 

Instruments  S.A.,  Inc. 

Intel  Corporation 

International  Centre  for  Diffraction  Data 
(JCPDS) 

International  Scientific  Instruments,  Inc. 

Ion  Tech,  Inc. 

Ionic  Atlanta,  Inc. 

Iowa  Fly  Ash 

James  River  Corporation 
Janis  Research  Company,  Inc. 

JEOL  (U.S.A.),  Inc. 

Johnson  &  Johnson  Orthopaedics 
Kanegafuchi  Chemical  Industry  Co.,  Ltd. 
Kluwer  Academic  Publishers 
Kogaku  Giken  Company,  Ltd. 

Kopin  Corporation 
Kratos  Analytical,  Inc. 

Lake  Shore  Cryotronics,  Inc. 

Lam  Research  Corporation 
Lambda  Physik,  Inc. 

Kurt  J.  Lesker  Company 
Leybold  Inficon,  Inc. 

Leybold  Vacuum  Products,  Inc. 

Los  Alamos  National  Laboratory 
Magnesium  Elektron,  Inc. 

Martin  Marietta  Energy  Systems,  Inc. 
Materials  Research  Corporation 
Matheson  Gas  Products 
MDC  Vacuum  Products  Corporation 
MEMC  Electronic  Materials  Inc. 
Microelectronics  &  Computer  Technology 
Corporation 
Microscience,  Inc. 

Mitsui  Petrochemical  Industries,  Ltd. 

MKS  Instruments,  Inc. 

Mobil  Research  &  Development  Corporation 
Molycorp  Inc/Unocal  Subsidiary 
Nano  Insbuments,  Inc. 

National  Electrostatics  Corporation 


Newport  Corporation 

Nicolet 

Nimic,  Inc. 

Nippon  Denso  Co.,  Ltd. 

Nippon  Mining  Company,  Ltd. 

Nissei  Sangyo  America,  Ltd. 

North  Eastern  Analytical  Corporation 
Oak  Ridge  National  Laboratory 
Ontario  Research  Foundation 
Ortech  International 
Perkin-Elmer 
Pfizer;  Inc. 

Philips  Electronic  Instruments  Company 
PQ  Corporation 
Process  Products  Corporation 
The  Proctor  &  Gamble  Company 
Questek,  Inc. 

Raychem  Corporation 
Raytheon  Company 
Rhone-Poulenc,  Inc. 

Rockwell  International  Science  Center 
Sandia  National  Laboratories 
Sanyo  Electric  Co.,  Ltd. 
Schiumberger-Doll  Research 
Schott  Fiber  Optics,  Inc. 

Scienta  Instruments  AB 
Seiko  Epson  Corporation 
Siemens 

Solar  Energy  Research  Institute 
Solarex  Corporation 
Solecon  Laboratories,  Inc. 

South  Bay  Technology,  Inc. 

Spire  Corporation 
Springer-Verlag  New  York,  Inc. 

Strem  Chemicals,  Inc. 

Sumitomo  Electric  U.S.A.,  Inc. 
Sumitomo  Metal  Mining  Co.,  Ltd. 
Superconductive  Components,  Inc. 
Superconductivity  Publications,  Inc. 
Surface  Science  Instruments 
Tamarack  Scientific  Co.,  Inc. 

Tennessee  Eastman  Company 
Texas  Instruments,  Inc. 

3M  Company 
Toei  Industry  Co.,  Ltd. 

Tonen  Corporation 

Toray  Industries  (America),  Inc. 

Toshiba  Corporation 
Tosoh  Corporation 
Tracor  Northern,  Inc. 

Ultra  High  Vacuum  Instruments  Ltd. 
Union  Carbide  Chemical  &  Plastics  Co. 
United  Technologies  Research  Center 
Universal  Energy  Systems,  Inc. 

USG  Corporation 
Vacuum  Barrier  Corporation 
Varian  Extrion 

Varian/Thin  Film  lech  Division 
VG  Instruments,  Inc. 

Voltaix,  Inc. 

W.R.  Grace  &  Company 
Wacker  Siltronic  Corporation 
Wavemat,  Inc. 

Westinghouse  Electric  Corporation 
Xerox  Corporation 
Cart  Zeiss,  Inc. 
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SYMPOSIUM  A: 

BEAM-SOUD  INTERACTIONS: 
PHYSICAL  PHENOMENA 

November  27  -  December  1, 1989 

Chairs 

Peter  Btfrgesen 
Department  of  Materials 
Science  &  Engineering 
Cornell  University 
Ithaca,  NY  14853 
(607)  255-9168 

James  A.  Knapp 
Division  1111 

Sandia  National  Laboratories 
P.O.  Box  5800 
Albuquerque,  NM  87185 
(505)  844-2305 


Ray  A.  Zuhr 
Building  3137 

Oak  Ridge  National  Laboratory 
RO.  Box  2008 
Oak  Ridge,  TN  37831 
(615)  576-6722 


Symposium  Support 

Corning  Cornell  Ceramics  Initiative 
IBM  Corporation 

National  Electrostatics  Corporation 
Oak  Ridge  National  Laboratory 


Proceedings  published  as  Volume  157 
of  the  Materials  Research  Society 
Symposium  proceedings  series. 


SESSION  All _ ION  ASSISTED  DEPOSITION 

Chairs:  R.  A.  Zuhr  and  D.  B.  Poker 
Monday  Morning,  November  27 
Salon  E  (M) 

8:30  »A1.1 

LOW  ENERGY  ION  BEAM  SURFACE  MODIFICATION, 
DEPOSITION,  AND  SYNTHESIS,  J.J.  Cuomo.  IBM 
T.J.  Watson  Research  Center,  Research  Divis¬ 
ion,  Yorktown  Heights,  NY. 

9:00  *A1 . 2 

ION  BEAM-ASSISTED  MBE,  E.  Chason .  J.Y.  Tsao, 
K.M.  Horn,  D.K.  Brice  and  S.T.  Picraux, 
Sandia  National  Laboratories,  Ion-Solid 
Interactions  Department,  Albuquerque,  NM. 

9:30  A1.3 

LOW  ENERGY  ION  BOMBARDMENT  AND  ISLAND  COAR¬ 
SENING  IN  THIN  FILMS,  Chih  H.  Yang  and  Harry 
A .  Atwater .  California  Institute  of  Technol¬ 
ogy*  Applied  Physics  Department,  Pasadena, 
CA. 

9:45  A1.4 

ION  BEAM  ASSISTED  ZIRCONIUM  NITRIDE  FILMS, 

I. C.  oppenheim.  The  Johns  Hopkins  Univer¬ 
sity,  Materials  Science  and  Engineering, 
Baltimore,  MD;  and  K.R.  Padmanabhan,  Wayne 
State  University,  Department  of  Physics  and 
Astronomy ,  Det r o it,  MI . 

10:00  BREAK 

10:30  *A1. 5 

IMPORTANCE  OF  SURFACE  PREPARATION  IN  DIRECT 

ion  beam  deposition  (ibd),  Kiypshi  ..MiYflKe, 
Hitachi  Ltd.,  Hitachi  Research  Laboratory, 
Ibaraki,  Japan. 

11:00  A1.6 

PREPARATION  AND  CHARACTERIZATION  OF  ION  BEAM 
ASSISTED  ALUMINUM  OXIDE  FILMS,  J.K. 
Hirvonen .  T.  Tetreault,  G.  Parker,  B.W. 
Murray,  Spire  Corporation,  Bedford,  MA;  and 
P.  Revesz,  Cornell  University,  Ithaca,  NY. 

11:15  A1.7 

SILICON  OXIDE  FILM  FORMATION  BY  THE  SIMUL¬ 
TANEOUS  USE  OF  A  MICROWAVE  ION  SOURCE  AND  AN 
ICB  SYSTEM,  Gikan  H .  Takaoka .  Hiroshi  Tsuji 
and  Junzo  Ishikawa,  Kyoto  University,  Kyoto, 
Japan. 

11:30  Al.B 

METASTABLE  Cr02  FILM  FORMATION  BY  REACTIVE 
ION  BEAM  SYNTHESIS  AND  RAPID  THERMAL  ANNEAL¬ 
ING,  K.V.  Ramanathan,  C.  Richard  Guarnieri . 

J. J.  Cuomo,  D.A.  Smith,  and  S.  Shivashankar , 
IBM  T.J.  Watson  Research  Center,  Research 
Division,  Yorktown  Heights,  NY. 


♦Invited  Paper 


11:45  A1.9 

ADHESION  STUDIES  OF  Au  FILMS  ON  GaAs  USING 
ION- ASSISTED  DEPOSITION  TECHNIQUES,  T.T. 
Bardin  and  J .  G .  Pronko .  Lockheed  Research 
and  Development  Division,  Palo  Alto,  CA; 
A. J.  Kellock  and  J.E.E.  Baglin,  IBM  Almaden 
Research  Center,  San  Jose,  CA. 

SESSION  A2 :  ION  INDUCED  GROWTH/BURIED 
LAYERS 

Chair:  J.  C.  Barbour 
Monday  Afternoon,  November  27 
Salon  E  (M) 

1:30  A2.1 

IRRADIATION-INDUCED  GRAIN  GROWTH:  THE  ROLE 
OF  DISLOCATIONS,  Charles  W.  Allen  and  Lynn 
E.  Rehn,  Argonne  National  Laboratory,  Mate¬ 
rials  Science  Division,  Argonne,  IL. 

1:45  A 2  -  2 

ION- 3EAM-INDUCED  EPITAXIAL  CRYSTALLIZATION 
OF  GejjSii-x/Si  HETEROSTRUCTURES,  R.G. 
Elliman,  M.c.  Ridgway,  J.S.  Williams,  Royal 
Melbourne  Institute  of  Technology,  Micro¬ 
electronics  and  Materials  Technology  Centre, 
Melbourne,  Australia;  and  J.C.  Bean,  AT&T 
Bell  Laboratories,  Murray  Hill,  NJ. 

2:00  A2.3 

DEPENDENCE  OF  INTERFACE  VELOCITY  ON  NOBLE 
METAL  SEGREGATION  DURING  ION  BEAM  ENHANCED 
EPITAXY,  J.S.  Custer ■  Michael  O.  Thompson, 
Cornell  University,  College  of  Engineering, 
Department  of  Materials  Science  and  Engi¬ 
neering,  Ithaca,  NY;  J.M.  Poate  and  D.C. 
Jacobson,  AT&T  Bell  Laboratories,  Murray 
Hill,  NJ. 

2:15  A2.4 

ION  BEAM  INDUCED  CRYSTALLIZATION  IN  PREAMOR- 
phized  bp (ioo) ,  Naptp  KPbayashi,  Hisao 
Kobayashi,  Hisao  Tanoue,  Nobuyuki  Hayashi, 
Electrotechnical  Laboratory,  Ibaraki,  Japan; 
and  Yukinobu  Kumashiro,  Yokohama  National 
University,  Yokohama,  Japan. 

2:30  A2.5 

AMORPHOUS  TO  POLYCRYSTAL  TRANSITION  ASSISTED 
BY  ION  BEAM  IRRADIATION  IN  SILICON, 

Sninella ,  s.  Lombardo  and  S.U.  Campisano, 
Dip.  di  Fisica  dell 'University,  Catania, 
Italy. 

2:45  A2.6 

FORMATION  OF  BURIED  ELEMENTAL  LAYERS  USING 
ION  IMPLANTATION,  D .  W .  Brown .  Z.A.  Munir, 
University  of  California,  Davis,  Division  of 
Materials  Science  and  Engineering,  Mechani¬ 
cal  Engineering  Department,  Davis,  CA;  R.G. 
Musket,  Lawrence  Livermore  National  Labora¬ 
tory,  Chemistry  and  Materials  Department, 
Livermore,  CA. 

3:00  BREAK 
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3:30  A2.7 

ION-BEAM-INDUCED  EPITAXIAL  CRYSTALLIZATION 
OF  METAL  SILICIDES (  M.C.  Ridowav ■  R.G. 
Elliraan  and  J.S.  Williams,  Royal  Melbourne 
Institute  of  Technology,  Microelectronics 
and  Materials  Technology  Centre,  Melbourne, 
Australia. 

3:45  A2.8 

ION-BEAM  SYNTHESIS  OF  BURIED  YTTRIUM  SILI- 
CIDE ,  T.L.  Alford.  Cornell  University, 
Material  Science  and  Engineering  Department, 
Ithaca,  NY;  and  J.C.  Barbour,  Sandia  Nation¬ 
al  Laboratories,  Albuquerque,  NM. 

4:00  A2.9 

ELECTRICAL  TRANSPORT  IN  Si/CoSi 2/Si  HETERO¬ 
STRUCTURES  GROWN  BY  MESOTAXY,  Alice  E. 
White .  M.L.  Green,  K.  T.  Short,  D.  Brasen 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ;  and 
K.  Maex,  IMEC,  Leuven,  Belgium. 

4:15  A2, IP 

ION  BEAM  ANNEALING  OF  Si  CO-IMPLANTED  WITH 
Ga  AND  As,  S.P.  Withrow.  O.W.  Holland  and 
S.J.  Pennycook,  Oak  Ridge  National  Labora¬ 
tory,  Solid  State  Division,  Oak  Ridge,  TN; 
and  J.  Pankove,  Solar  Energy  Research  In¬ 
stitute,  Golden,  CO. 

4:30  A2.ll 

EVOLUTION  OF  DIFFUSION  AND  SPUTTER  LIMITED 
IMPLANTED  IMPURITY  DEPTH  PROFILES  DURING  ION 
BEAM  SYNTHESIS,  P.L.F.  Hemment ■  A.K. 
Robinson,  U.  Bussmann,  K.J.  Reeson,  Univer¬ 
sity  of  Surrey,  Department  of  Electronic  and 
Electrical  Engineering,  Guildford,  Surrey, 
United  Kingdom;'  R.  Chater  and  J.A.  Kilner, 
Imperial  College,  Department  of  Materials, 
London,  United  Kingdom. 

4:45  A2.12 

FORMATION  OF  BURIED  AND  SURFACE  CoSi2  LAYERS 
BY  ION  IMPLANTATION,  M.F.  Wu,  A.  Vantomme, 
G .  Lanaouche .  University  of  Leuven,  Institut 
voor  Kern-en  Stralingsfysika,  Leuven,  Bel¬ 
gium;  J.  Vanhellemont,  IMEC,  Leuven,  Bel¬ 
gium;  J.  Vanacken,  H.  Vloeberghs,  and  Y. 
Bruynsei uede ,  University  of  Leuven,  VSM, 
Belgium. 

SESSION  A3:  ION  BEAM  MIXING 
Chairs:  P.  B0rgesen  and  D.  A.  Lilienfeld 
Tuesday  Morning,  November  28 
Salon  E  (M) 

8:30 

ION-BEAM  MIXING  AND  PHASE  FORMATION,  L-U. 
Aaen  Andersen,  J.  Bdttiaer .  K.  Dyrbye,  and 
J.  Janting,  University  of  Aarhus,  Institute 
of  Physics,  Aarhus,  Denmark. 


9:00  «&3 , 2 

THERMODYNAMIC  ASPECTS  OF  ION  MIXING  IN 
METALLIC  SYSTEMS,  W.L.  Johnson.  California 
Institute  of  Technology,  Keck  Laboratory, 
Pasadena,  CA. 

9:30  A3. 3 

CRITICAL  TEMPERATURES  FOR  RADIATION  ENHANCED 
DIFFUSION  AND  EQUILIBRIUM  PHASE  FORMATION 
DURING  ION  BEAM  MIXING,  A.M.  Vredenbero .  R. 
de  Reus,  A.C.  Voorrips,  H.C.  Tissink  and 
F.W.  saris,  FOM- Institute  for  Atomic  and 
Molecular  Physics,  Amsterdam,  The  Nether¬ 
lands. 

9:45  A3. 4 

DIRECT  OBSERVATION  OF  INTERMIXING  IN  GaAs/ 
AlAs  MULTILAYERS  AFTER  VERY  LOW-DOSE  ION- 
IMPLANTATION,  M.  Bode.  A.  Ourmazd,  and  J. 
Rentschler,  AT&T  Bell  Laboratories,  Holmdel, 
NJ;  M.  Hong,  L.C.  Feldman,  and  J.P. 
Mannaerts,  AT&T  Bell  Laboratories,  Murray 
Hill,  NJ. 

10:00  BREAK 

10:30  A3. 5 

A  STUDY  OF  THE  DOMINANT  MOVING  SPECIES  IN 
ION  BEAM  MIXING  I:  EFFECTS  OF  SAMPLE  GEO¬ 
METRY  AND  ATOMIC  MASS,  G.W.  Auner ■  Y.-T. 

Cheng,  General  Motors  Research  Laboratories, 
Warren,  MI,  and  Wayne  State  University, 
Department  of  Physics  and  Astronomy,  De¬ 
troit,  MI;  M.H.  Alkisi  and  K.R.  Padmanabhan, 
Wayne  State  University,  Department  of  Phys¬ 
ics  and  Astronomy,  Detroit,  MI. 

10:45  A3, 6 

RELATIONSHIPS  BETWEEN  COHESIVE  ENERGY,  DEBYE 
TEMPERATURE,  AND  THE  ONSET  OF  TEMPERATURE- 
DEPENDENT  ION  MIXING,  Y.-T.  Cheng.  General 
Motors  Research  Laboratories,  Physical 
Chemistry  Department,  Warren,  MI. 

11:00  A3. 7 

EFFECT  OF  CARBON  ON  ION  BEAM  MIXING  OF  FE-TI 
BILAYERS,  J-P.  Hirvonen  and  M.  Nastasi,  Los 
Alamos  National  Laboratory,  Materials  Sci¬ 
ence  and  Technology  Division,  Los  Alamos, 
NM. 

11:15  A3. 8 

THE  EFFECT  OF  SURFACE  COATING  ON  ION  BEAM 
DESORPTION  OF  HYDROGEN  FROM  TITANIUM, 
Richard  E.  Wistrom.  Peter  B0rgesen  and 
Herbert  H.  Johnson,  Cornell  University, 
Materials  Science  and  Engineering,  Ithaca, 
NY. 

11:30  A3. 9 

ION-BEAM  MIXING  AND  TRIBOLOGY  OF  Fe/B  MULTI¬ 
LAYERS,  Ren  Yuan  Hu.  L.E.  Rehn,  G.R.  Fenske 
and  P.M.  Baldo,  Argonne  National  Laboratory, 
Materials  Science  Division,  Argonne,  IL. 
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11:45  A3, 10 

ION  BEAM  MIXING  OF  Sb  SCHOTTKY  CONTACTS  ON 
n-Si,  J . B .  Malherbe.  L.J.  Bredell,  K.P. 
Weimer,  G.  Myburg  and  E.  Friedland,  Univer¬ 
sity  of  Pretoria,  Department  of  Physics, 
Pretoria,  Soutn  Africa. 

SESSION  A4; _ MODELLING /FUNDAMENTAL  STUDIES 

Chairs:  M.  0.  Thompson  and  J.  A.  Knapp 
Tuesday  Afternoon,  November  28 
Salon  E  (M) 

1:30  *A4 . 1 

ION-SOLID  INTERACTIONS  AS  VIEWED  BY  MOLECU¬ 
LAR  DYNAMICS,  Barbara  J.  Garrison.  The  Penn¬ 
sylvania  State  University,  Department  of 
Chemistry,  University  Park,  PA. 

2:00  A4.2 

COMPUTER  SIMULATION  OF  IMPURITY  SEGREGATION 
AT  A  RAPIDLY  MOVING  SOLID-LIQUID  INTERFACE, 
Stephen  J.  Cook  and  Paulette  Clancv.  Chemi¬ 
cal  Engineering  Department,  Cornell  Univer¬ 
sity,  Ithaca,  NY. 

2:15  A4.3 

MOLECULAR  DYNAMICS  SIMULATIONS  OF  LOW-ENERGY 
ION/SURFACE  INTERACTIONS  DURING  VAPOR  PHASE 
CRYSTAL  GROWTH:  10  eV  Si  INCIDENT  ON  Si (001) 
2x1,  M.  Kitabatake.  P.  Fons,  and  J.E. 
Greene,  University  of  Illinois,  CSL,  Urbana, 
IL. 

2:30  A4.4 

MOLECULAR  DYNAMICS  STUDY  OF  THE  AMORPHIZA- 
TION  OF  CuTi,  Michael  J.  Sabochick.  u.s.  Air 
Force  Institute  of  Technology,  Department  of 
Engineering  Physics,  Wright  Patterson  AFB, 
OH;  Nghi  Q.  Lam,  Argonne  National  Labora¬ 
tory,  Materials  Science  Division,  Argonne, 
IL. 

2:45  A4.5 

MOLECULAR  DYNAMICS  SIMULATIONS  OF  THE  DIS¬ 
ORDER  FORMED  IN  SILICON  BY  HIGH-ENERGY 
ELECTRONS,  A.M.  Mazzone.  CNR-Istituto  LAMEL, 
Bologna,  Italy. 

3:00  BREAK 

3:30  A4.6 

SUPERHEATING  AND  SUPERCOOLING  OF  LEAD  IN¬ 
CLUSIONS  IN  ALUMINIUM,  E.  Johnson.  Univer¬ 
sity  of  Copenhagen,  Physics  Laboratory, 
Copenhagen,  Denmark;  L.  Gr&baek,  J.  Bohr, 
RIS0  National  Laboratory,  Roskilde,  Denmark; 
A.  Johansen,  L.  Sarholt-Kristensen  and  H.H. 
Andersen,  University  of  Copenhagen,  Physics 
Laboratory,  Copenhagen,  Denmark. 

3:45  A4.7 

THERMAL  ANNEALING  OF  SOLID  Kr  PRECIPITATES 

IN  Ni,  B _ Birtcher  f  J.  Rest,  and  D.S. 

Bergstrom,  Argonne  National  Laboratory, 
Argonne,  IL. 


SESSION  A5: _ NOVEL  ANALYSIS  TECHNIQUES/ 

UNIQUE  STRUCTURES 

Chairs:  J.  A.  Knapp  and  M.  O.  Thompson 
Tuesday  Afternoon,  November  28 
Salon  E  (M) 

4:00  A5.1 

FABRICATION  OF  CRYSTALLINE-AMORPHOUS  SUPER¬ 
LATTICES  BY  DIFFERENTIAL  ION-BEAM  DAMAGE, 
J.M.  Poate.  D.J.  Eaglesham,  D.C.  Jacobson, 
M.  Cerullo,  L.N.  Pfeiffer  and  K.W.  West, 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ. 

4:15  A5.2 

INTERNAL  BLACKBODY  EMISSION  INTERFEROMETRY 
FOR  MEASUREMENT  OF  CRYSTALLIZATION  KINETICS 
AND  OPTICAL  PROPERTIES  OF  THIN  FILMS,  J.A. 
Roth  and  G.L.  Olson,  Hughes  Research  Labora¬ 
tories,  Malibu,  CA. 

4:30  A5.3 

TRANSITION  RADIATION  FOR  SURFACE  ANALYSIS, 
John  M.  Macaulay  and  Julius  J.  Muray,  SRI 
International,  Physical  Electronics  Depart¬ 
ment,  Menlo  Park,  CA. 

4:45  A5.4 

STM  INVESTIGATIONS  OF  GRAPHITE  SURFACES 
PREPARED  BY  5  keV  Ar+  ION  BOMBARDMENT, 
Elliott  A.  Eklund.  University  of  California, 
Department  of  Physics  and  Solid  State  Sci¬ 
ence  Center,  Los  Angeles,  CA;  Eric  J.  Snyder 
and  R.  Stanley  Williams,  University  of 
California,  Department  of  Chemistry,  Los 
Angeles,  CA. 

SESSION  A$: _ POSTER.  SESSION  I 

Chairs:  Peter  Bprgesen,  James  A.  Knapp 

and  Ray  A.  Zuhr 
Tuesday  Evening,  November  28 
7:00  p.m.  -  10:00  p.m. 

America  Ballroom  (W) 

A6.1  GRAIN  GROWTH  AND  PHASE  FORMATION  IN 

ION  IRRADIATED/ANNEALED  THIN  NI-AL  ALLOY 
FILMS,  Dale  E.  Alexander  and  Gary  S.  Was, 
Department  of  Nuclear  Engineering,  Univer¬ 
sity  of  Michigan,  Ann  Arbor,  MI;  and  Lynn 
Rehn,  Argonne  National  Laboratory,  Materials 
Division,  Argonne,  IL. 

A6.2  CESSATION  AT  HIGH  TEMPERATURE  OF 

RADIATION  INDUCED  DIFFUSION:  THE  ROLE  OF 

DEFECT  COMPLEX  FORMATION,  T.D.  Andreadis  and 
Mervine  Rosen,  Naval  Research  Laboratory, 
Washington,  DC. 

A6.3  VOID  DENSITY  REDUCTION  DURING  ION 

ASSISTED  DEPOSITION,  T.D.  Andreadis.  R.H. 
Bassel,  Mervine  Rosen,  and  J.A.  Sprague, 
Naval  Research  Laboratory,  Washington,  DC. 
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A6.4  STUDIES  ON  ION  SCATTERING  AND 
SPUTTERING  PROCESSES  RELEVANT  TO  ION  BEAM 
SPUTTER-DEPOSITION  OF  MULTICOMPONENT  THIN 
FILMS,  0.  Auciello.  North  Carolina  State 
University,  Department  of  Materials  Science, 
Raleigh,  NC;  and  Microelectronics  Center 
North  Carolina,  Research  Triangle  Park,  NC; 
M.S.  Ameen,  North  Carolina  State  University, 
Department  of  Materials  Science,  Raleigh, 
NC;  A.  R.  Krauss,  Argonne  National  Labora¬ 
tory,  Chemistry  Division,  Argonne,  IL;  and 
A. I-  Kingon,  North  Carolina  State  Univer¬ 
sity,  Department  of  Materials  Science, 
Raleigh,  NC. 

A6.5  INTERACTIONS  OF  LOW-ENERGY  METAL 
IONS  WITH  SURFACES,  P.  Bai .  Ch.  Steinbruchel 
and  T.-M.  Lu,  Rensselaer  Polytechnic  Insti¬ 
tute,  Center  for  Integrated  Electronics, 
Troy,  NY. 

A6.6  ELECTRON  BEAM  INDUCED  HOLE-DRILLING 
AND  LITHOGRAPHY  ON  A  NANOMETRE  SCALE  IN  Al , 
MgO  AND  a-AlF3  IN  A  STEM,  Tim  J.  Bullouah. 
Colin  J.  Humphreys  and  Robert  W.  Devenish, 
University  of  Liverpool,  Department  of 
Materials  Science  and  Engineering,  Liver¬ 
pool,  United  Kingdom. 

A6.7  THERMAL  ANNEALING  INVESTIGATION  OF 
THE  OPTICAL  PROPERTIES  OF  Bj^Nx  FILMS 
FABRICATED  BY  ION  BEAM  ASSISTED  DEPOSITION, 
C .  A  Carosella.  E.P.  Donovan,  and  G.K. 
Hubler,  Naval  Research  Laboratory,  Washing¬ 
ton  ,  DC . 

A6.8  MECHANISM  OF  ION-INDUCED  SOLID- 
PHASE  EPITAXIAL  GROWTH,  T.K.  Chaki .  State 
University  of  New  York,  Department  of  Mech¬ 
anical  &  Aerospace  Engineering,  Buffalo,  NY. 

A6.9  STUDY  OF  THE  ANODIC  OXIDATION  ON  TI 
AND  TA6V  BY  ION-IMPLANTED  XE  IONS  MARKERS 
AND  018  TRACING  TECHNIQUES,  Hemina  Chen. 
Mingjiang  Dai,  xinde  Bai,  Wangpei  Li, 
Tsinghua  University,  Department  of  Material 
Science  and  Engineering,  Beijing,  China. 

A6.10  CRYSTALLINE  POLYMER  THIN  FILM 
DEPOSITION  BY  IONIZED  CLUSTER  BEAM,  S. J. 
Cho.  Kyungseoung  University,  Department  of 
Physics,  Busan,  Korea;  H.S.  Choe,  Kyungsang 
University,  Department  of  Physics,  Jinju, 
Korea;  H.K.  Jang,  S.S.  Kim,  C.N.  Whang, 
Yonsei  University,  Department  of  Physics, 
Seoul,  Korea;  and  D.S.  Choi,  Kangwon  Univer¬ 
sity,  Dept,  of  Physics,  Chuncheon,  Korea. 

A6.ll  STRUCTURAL  AND  ELECTRICAL  STUDIES 
OF  EPITAXIAL  PbTe  FILMS  GROWN  BY  ION- 
ASSISTED  RF  MAGNETRON  SPUTTERING,  J.G.  Cook. 
S.R.  Das,  National  Research  Council  of 
Canada,  Laboratory  for  Microstructural 
Sciences,  Ottawa,  Canada;  and  M.  Phipps, 
University  of  Ottawa,  Department  of  Physics, 
Ottawa,  Canada. 


A6.12  OXIDATION  BEHAVIOUR  OF  TITANIUM 
SURFACES  COATED  WITH  BORON  COMPOUNDS,  M. 
Elena,  L.A.  Guzman,  L.  Moro,  A.  Tomasi, 
Institute  for  Scientific  and  Technological 
Research,  Povo,  Italy;  S.  Gialanella  and  P. 
Scardi,  University  of  Trento,  Department  of 
Materials  Science  Engineering,  Mesiano, 
Italy. 

A6.13  ION-BOMBARDMENT  EFFECTS  ON  FILM 
ADHESION,  R.A.  Erck .  G.R.  Fenske  and  A. 
Erdemir,  Argonne  National  Laboratory, 
Materials  and  Components  Technology  Divi¬ 
sion,  Argonne,  IL. 

A6.14  CARRIER  LIFETIME  DISTRIBUTIONS  AND 
RECOMBINATION  KINETICS  IN  SILICON  ON  IN¬ 
SULATOR  (SIMOX)  SUBSTRATES,  M.A.  Lourengo , 
K.P.  Homewood,  and  P.L.F.  Hemment.  Univer¬ 
sity  of  Surrey,  Department  of  Electronic  and 
Electrical  Engineering,  Guildford,  Surrey, 
United  Kingdom. 

A6.15  SPONTANEOUS  VITRIFICATION  OF  ION 
MIXED  METASTABLE  PHASES  IN  IRON-BASED  ALLOY 
SYSTEMS,  L.J.  Huana.  and  H-D.Li ,  Tsinghua 
University,  Department  of  Materials  Science 
and  Engineering,  Beijing,  China;  and  B.X. 
Liu,  Tsinghua  University,  Department  of 
Materials  Science  and  Engineering,  and 
Center  of  Condensed  Matter  and  Radiation 
Physics,  CCAST  (World  Lab.),  Beijing,  China. 

A6.16  FOCUSED  0.5  MeV  ION  BEAM  LINE  WITH 
LOW  ABERRATION  QUADRUPOLE  MAGNETS,  Kivotaka 
Ishibashi .  Ken-ichi  Inoue,  Yutaka  Kawata, 
Norio  Suzuki,  Kobe  Steel,  Ltd.,  Electronics 
Research  Laboratory,  Kobe,  Japan;  Mikio 
Takai  and  Susumu  Namba,  Osaka  University, 
Faculty  of  Engineering  Science  and  Research 
Center  for  Extreme  Materials,  Osaka,  Japan. 

A6.17  THE  STRUCTURE  AND  PROPERTIES  OF  Ni 
FILMS  GROWN  BY  ION  BEAM  ASSISTED  DEPOSITION, 
R.A.  Kant.  G.P.  Chambers  and  B.D.  Sartwell, 
Naval  Research  Laboratory,  Surface  Modifica¬ 
tion  Branch,  Washington,  DC. 

A6.18  Ar+  INDUCED  INTERFACIAL  MIXING  IN 
Pd/Cu  SYSTEM,  H.K.  Kim.  Korea  Standards 
Research  Institute,  Taejon,  Korea;  J.H. 
Song,  S.S.  Kim,  C.N.  Whang,  Yonsei  Univer¬ 
sity,  Department  of  Physics,  Seoul,  Korea; 
J.J.  Woo,  Chonnam  University,  Department  of 
Physics,  Kwangju,  Korea;  and  R.J.  Smith, 
Montana  State  University,  Department  of 
Physics,  Bozeman,  MT. 

A6.19  IN-SITU  ION  BEAM  MEASUREMENTS  OF 
DEUTERIUM  LOADING  IN  THIN  FOIL  ELECTROCHEMI¬ 
CAL  CELLS,  J. A.  Knapp.  T.R.  Guilinger,  M.J. 
Kelly,  D.  Walsh,  and  B.L.  Doyle,  sandia 
National  Laboratories,  Albuquerque,  NM. 
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A6.20  ON  THE  STABILITY  OF  METASTABLE  AND 
AMORPHOUS  PVD-COMPOUND  FILMS,  Otto  KnntPk . 
Frank  Jungblut,  and  Arman  Barimani,  Techni¬ 
cal  University  Aachen,  Aachen,  West  Germany. 

A6.21  ANALYSIS  OF  ELEMENTS  IN  FINGERNAILS 
BY  RUTHERFORD  BACKSCATTERING  SPECTROSCOPY, 
P.  Madakson .  IBM  T.J.  Watson  Research  Cen¬ 
ter,  Yorktown,  Heights,  NY. 

A6.22  SECONDARY  IONIZATION  DURING  ION 
BOMBARDMENT  OF  Rh{lll),  Geoffrey  P. 
Malafsky.  Naval  Research  Lab,  Washington, 
DC;  and  Nicholas  Winograd,  Pennsylvania 
State  University,  Department  of  Chemistry, 
University  Park,  PA. 

A6.23  ION  BEAM  MIXING  OF  MULTILAYERED  CoB 
THIN  FILMS,  G .  Choe  and  R.M.  Walser,  The 
Univ.  of  Texas  at  Austin,  Center  for  Mate¬ 
rials  Science  &  Engineering,  Dept,  of  Elec¬ 
trical  &  computer  Engineering,  Austin,  TX. 

A6.24  CHARGE  STATES  OF  HEAVY  IONS  IN  A 
UNIFORM  ELECTRON  GAS,  A.M.  Hazzone.  CNR- 
Istituto  LAMEL,  Bologna,  Italy. 

A6.25  STUDY  OF  THE  EVOLUTION  OF  THE 
BURIED  Si02  LAYER  FORMED  BY  MULTIPLE  LOW 
DOSE  OXYGEN  IMPLANTATION  INTO  SILICON,  £*. 
Namavar  and  E.  Cortesi,  Spire  Corporation, 
Bedford,  MA. 

A6.26  MICROSTRUCTURAL  STUDIES  OF  MYLAR 
(PET)  USING  CRYOFRACTURING  SYSTEM  AND  SEM, 
A.K.  Nigam.  Ramji  Pathak,  R.N.  Chakraborty 
and  U.K.  Chaturvedi ,  Banaras  Hindu  Univer¬ 
sity,  VDG  Lab.,  Department  of  Physics, 
Varanasi,  India. 

A6.27  FORMATION  OF  METASTABLE  SILICIDE 
PHASE  UNDER  THERMAL  ANNEALING  AND  BEAM 
IRRADIATION  OF  Ni/Si  THIN  FILM  BILAYERS, 
Muhammad  Z.  Numan  and  Lim  poh  Leng,  Indiana 
University  of  Pennsylvania,  Physics  Depart¬ 
ment,  Indiana,  PA. 

A6.28  MICROSTRUCTURAL  CHARACTERIZATION  OF 
TEXTURE  IN  TUNGSTEN  FILMS  MADE  BY  ION- 
ASSISTED  EVAPORATION,  K.  Rajan.  Rensselaer 
Polytechnic  Institute,  Troy,  NY;  R.A.  Roy, 
R.  Petkie,  and  K.V.  Ramanathan,  IBM  T.J. 
Watson  Research  Center,  Research  Division, 
Yorktown  Heights,  NY. 

A6.29  DEPOSITION  OF  THIN  METALLIC  FILMS 
BY  HIGH  POWER  ION  BEAM  TARGET  EVAPORATION, 
A.  N.  Zakutaev,  I.F.  Isakov,  G.E.  Remnev. 
Nuclear  Physics  Institute,  Tomsk,  USSR. 

A6.30  COMPUTER  SIMULATION  OF  ION  BEAM 
ENHANCED  DEPOSITION  OF  TITANIUM  NITRIDE 
FILMS,  Wang  Xi,  Zhou  Jiankun,  Chen  Youshan, 
Liu  Xianghuai,  and  Zou  Shlchang.  Shanghai 
Institute  of  Metallurgy,  Ion  Beam  Labora¬ 
tory,  Shanghai,  China. 


A6-31  AES  AND  IR  SPECTROSCOPIC  STUDIES  OF 
SOI  STRUCTURES  FORMED  BY  ION  IMPLANTATION, 
Yu  Yuehui,  Lin  Chenglu,  and  Zou  Shichang. 
Shanghai  Institute  of  Metallurgy,  Ion  Beam 
Laboratory,  Shanghai,  China;  and  P.L.F. 
Hemment,  University  of  Surrey,  Department  of 
Electronic  and  Electrical  Engineering, 
Guildford,  Surrey,  United  Kingdom. 

A6.32  FORMATION  OF  BURIED  OXYNITRIDE 
LAYER  INTO  SILICA  GLASS  USING  ION  BEAM, 
Keiji  Oyoshi,  Takashi  Taaami  and  Shuhei 
Tanaka,  Nippon  Sheet  Glass  Co.,  Ltd., 
Tsukuba  Research  Laboratory,  Ibaraki ,  Japan. 

A6.33  EVALUATION  OF  COMPOSITIONAL  CHANGE 
IN  MASKLESSLY  DEPOSITED  LINES  BY  MICRO-RBS 
ANALYSIS,  A.  Kinomura,  Y.F.  Lu,  M.  Takai .  S. 
Namba,  Osaka  University,  Faculty  of  Engi¬ 
neering  Science  and  Research  Center  for 
Extreme  Materials,  Osaka,  Japan;  M.  Satou 
and  A.  Chayahara,  Government  Industrial 
Research  Institute  Osaka,  Osaka,  Japan. 

A6-34  DEPENDENCE  OF  COMPOSITION  AND 

STRUCTURE  OF  ION-ASSISTED  BORON  NITRIDE  THIN 
FILMS  ON  PROCESS  PARAMETERS,  T.G.  Tetreault . 
J.K.  Hirvonen,  and  G.R.  Parker,  Spire  Corpo¬ 
ration,  Bedford,  MA;  P.  Kullen,  T.  McDevitt, 
Mellon  Institute,  Pittsburgh,  PA;  and  J.P. 
Hirvonen,  Los  Alamos  National  Laboratory, 
Los  Alamos,  NM. 

A6.35  COBALT  SILICIDE  FORMATION  ON  Si 

SUBSTRATE  HEAVILY  DOPED  WITH  ARSENIC  IONS, 
V.V.  Tokarev.  BSSR  Academy  of  Sciences, 
Institute  of  Solid  State  and  Semiconductor 
Physics,  Minsk,  USSR. 

A6.36  TITANIUM  SILICIDE  FORMATION  ON 

MONO-  AND  POLYCRYSTALLINE  Si  ENHANCED  BY 
ARGON  IMPLANTATION,  V.V.  Tokarev .  A.  I. 
Demchenko,  U.Ch.  Dulinets,  BSSR  Academy  of 
Sciences,  Institute  of  Solid  State  and 
Semiconductor  Physics,  Minsk,  USSR. 

A6.37  ION  BEAM  MIXING  OF  LANTHANUM  OXIDES 

AND  COPPER  MULTILAYERS,  J.P.  Mathevet  and 
Traverse .  Centre  de  Spectrom6trie  Nucl^aire 
et  de  Spectrom6trie  de  Masse,  orsay,  France. 

A6.38  ION  BEAM  MIXING  OF  METALLIC  MULTI¬ 

LAYERS,  Agn6s  Traverse,  Centre  de  Spectro- 
m6trie  Nuclfeaire  et  de  Spectrom^trie  de 
Masse,  Orsay,  France. 

A6.39  EFFECT  OF  IMPLANTATION  CONDITIONS 
ON  THE  MICFOSTRUCTURE  OF  HIGH-DOSE  OXYGEN 
IMPLANTED  SILICON-ON-INSULATOR  MATERIAL, 
Visitserngtrakul .  Arizona  State  University, 
Department  of  Chemical,  Bio  and  Materials 
Engineering,  Tempe,  AZ;  B.F.  Cordts,  Ibis 
Technology  Corporation,  Danvers,  MA;  and  S. 
Krause,  Arizona  State  University,  Department 
of  Chemical,  Bio  and  Materials  Engineering, 
Tempe ,  AZ . 
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A6.40 


THE  CORROSION  RESISTIVITY  OF  CERMET 
COATINGS  MADE  BY  ION  BEAM  TREATMENT,  Tian 
Wei .  and  Cai  Weiping,  Wuhan  Iron  and  Steel 
University,  Metallic  Materials  Department, 
Wuhan,  China. 

A6.41  INVESTIGATION  OF  OXIDE/METAL  MULTI¬ 
LAYERS  FOR  SOFT  X-RAY  OPTICS  FABRICATED  BY 
ION  BEAM  SPUTTERING,  I.  Kataoka,  K.  Ito,  L. 
Yonemitsu .  K.  Etoh,  N.  Hoshi,  and  I.  Yamada, 
Japan  Aviation  Electronics  Industry,  Ltd.  , 
Research  and  Development  Department,  Tokyo, 
Japan . 

A6.42  MOLECULAR  DYNAMICS  SIMULATIONS  OF 
IONIZED  CLUSTER  BEAM  DEPOSITION,  Hornomina 
Hsieh .  R.S.  Averback,  Department  of  Ma¬ 
terials  Science  and  Engineering,  University 
of  Illinois,  Urbana,  IL?  and  R.  Benedek, 
Argonne  National  Laboratory,  Argonne,  IL. 

SESSION  A7: _ BEAM  MODIFICATION  OF 

CERAMICS  AND  SUPERCONDUCTORS 
Chairs:  S.  P.  Withrow  and  C.  J.  McHargue 

Thursday  Morning,  November  30 
Salon  E  (M) 

8:30  *A7 . 1 

ION  BEAM  MODIFICATION  OF  HIGH  Tc  SUPERCON¬ 
DUCTORS ,  0.  Mever.  J.  Geerk,  G.  Linker,  B. 

Strehlau,  X.X.  Xi ,  Kernforschungs2entrum 
Karlsruhe,  Institut  fur  Nukleare  Festkorper- 
physik,  Karlsrue,  West  Germany. 

9:00  *A7 . 2 

STRUCTURE  OF  AMORPHOUS  A1203  PRODUCED  BY  ION 
IMPLANTATION,  C.J.  McHaroue.  P.S.  Ski ad,  P. 
Angelini,  C.W.  White  and  J.C.  McCallum,  Oak 
Ridge  National  Laboratory,  Metals  and  Ceram¬ 
ics  Division,  Oak  Ridge,  TN. 

9:30  A7 , 3 

INFLUENCE  OF  ION  BEAM  MIXING  ON  THE  GROWTH 
OF  HIGH  TEMPERATURE  OXIDE  SUPERCONDUCTING 
THIN  FILM,  N.  Bordes .  A.D.  Rollet,  M.  Cohen, 
M.  Nastasi,  Los  Alamos  National  Laboratory, 
Department  MEE  11,  Los  Alamos,  NM. 

9:45  A7.-  4 

INTERACTION  BETWEEN  IMPLANTED  IONS  AND 
INTRINSIC  DEFECTS  IN  SILICA,  R.H.  Maaruder . 
Belmont  College,  Nashville,  TN;  R.A.  Weeks, 
Vanderbilt  University,  Nashville,  TN;  and  R. 
Zuhr,  Oak  Ridge  Laboratory,  Oak  Ridge,  TN. 

10:00  BREAK 

10:30  &?. 5 

REFRACTIVE  INDEX  PROFILES  OF  HIGH  DOSE  Ti 
IMPLANTED  OPTICAL  WAVEGUIDES  IN  LiNb03 ,  T. 
Bremer,  Universitat,  FB.  Physik,  Osnabriick; 
and  Ch.  Buchal .  R.  Irmscher,  KFA,  JCilich, 
Institut  fiir  Schicht-und  Ionentechnik, 
Julich,  West  Germany. 


10:45  A7.6 

OPTICAL  WAVEGUIDE  FABRICATION  BY  STOICHIO¬ 
METRIC  IMPLANTATION  OF  Ti  AND  O  INTO  LiNb03 , 
D.B.  Poker.  Oak  Ridge  National  Laboratory, 
Solid  State  Division,  Oak  Ridge,  TN;  and  W. 
Xia,  University  of  California-San  Diego, 
Department  of  Electrical  and  Computer  Engi¬ 
neering,  La  Jolla,  CA. 

11:00  A7.7 

MODIFICATION  OF  THE  WEAR  PROPERTIES  OF 
DIAMOND  USING  ION  BEAM  IRRADIATION,  Gregory 
C.  Anderson  and  Steven  Prawer .  Royal  Mel¬ 
bourne  Institute  of  Technology,  Microelec¬ 
tronics  and  Materials  Technology  Centre, 
Melbourne,  Australia. 

11:15  A7.8 

THE  EFFECT  OF  ION  INDUCED  DAMAGE  ON  THE 
MECHANICAL  PROPERTIES  OF  ZIRCONIA,  E.L. 
Fleischer .  T.L.  Alford,  P.  B0rgesen,  P. 
Revesz,  J.W.  Mayer,  Cornell  University, 
Materials  Science  and  Engineering,  Ithaca, 
NY;  and  W.  Hertl,  Corning  Inc.,  Corning,  NY. 

11:30  A7.9 

THE  FORMATION  OF  A  SOLID  LUBRICANT  BORON 
NITRIDE  IN  B4C  BY  ION  IMPLANTATION  AND  LASER 
ANNEALING,  Robert  R.  Reeber.  Ning  Yu,  Uni¬ 
versity  of  North  Carolina,  Department  of 
Physics  and  Astronomy,  Chapel  Hill,  NC;  Wei- 
Kan  Chu,  University  of  Houston,  Texas  Center 
for  Superconductivity  and  Department  of 
Physics,  Houston,  TX;  and  Robert  P.  Kusy, 
University  of  North  Carolina,  Dental 
Research  Center,  Chapel  Hill,  NC. 

11:45  A7.10 

CRYSTALLIZATION  OF  INTRINSIC  AMORPHOUS 
LAYERS  PRODUCED  BY  STOICHIOMETRIC  IMPLANTA¬ 
TION  OF  A1  AND  O  IONS  IN  a-AXIS  ORIENTED 
A1203  SINGLE  CRYSTALS,  W.  Zhou,  D.X.  Cao, 
and  D . K .  Sood .  Royal  Melbourne  Institute  of 
Technology,  Microelectronics  and  Materials 
Technology  Centre,  Melbourne,  Australia. 

SESSION  A8 :  BEAM  MODIFICATION  OF 

SEMI CONDUCTORS 

Chairs:  E.  Chason  and  M.  J.  Aziz 

Thursday  Afternoon,  November  30 
Salon  E  (M) 

1:30  A8.1 

AMORPHOUS  TO  CRYSTALLINE  PHASE  TRANSFORMA¬ 
TIONS  IN  HIGH  DOSE  ION  IMPLANTED  SILICON, 
R.P.  Thornton,  R.G.  Elliman,  Y.H.  Li,  A.P. 
Pogany,  Royal  Melbourne  Institute  of  Tech¬ 
nology,  Microelectronics  and  Materials 
Technology  Centre,  Melbourne,  Australia;  E. 
Nygren,  Ohio  State  University,  Materials 
Science  and  Engineering,  Columbus,  OH;  and 
J.s.  Williams.  Royal  Melbourne  Institute  of 
Technology,  Microelectronics  and  Materials 
Technology  Centre,  and  Australian  National 
University,  Electronic  Materials  Engineering 
Department,  Melbourne,  Australia. 
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1:45  A8.2 

STRESS  AND  PLASTIC  FLOW  IN  SILICON  DURING 
AMORPHI ZATION  BY  ION-BOMBARDMENT,  C. A. 
Volkert .  AT&T  Bell  Laboratories,  Murray 
Hill,  NJ. 

2:00  A8.3 

STRUCTURAL  CHARACTERIZATION  OF  DAMAGE  IN 
Si (100)  PRODUCED  BY  MeV  Si+-ION  IMPLANTATION 
AND  ANEALING,  M.K.  EJ-Ghor.  O.W.  Holland, 
C.W.  White,  and  S.J.  Pennycook,  Oak  Ridge 
National  Laboratory,  Oak  Ridge,  TN. 

2:15  A8.4 

GETTERING  OF  CU  AT  BURIED  DAMAGE  LAYERS  MADE 
BY  SI  SELF  IMPLANTATION,  J.R.  Lieftina.  R.J. 
Schreutelkamp,  w.x.  Lu  and  F.W.  Saris,  FOM 
Institute  for  Atomic  and  Molecular  Physics, 
Amsterdam,  The  Netherlands. 

2:30  A8.5 

ANNEALING  TEMPERATURE  DEPENDENCE  OF  THE 
ELECTRICAL  ACTIVITY  OF  HIGH-DOSE  Sb  ION 
IMPLANTS  IN  (100)  SILICON,  S.N.  Kumar.  G. 
Chaussemy,  A.  Laugier,  I.N.S.A.  Lyon,  Labor- 
atoire  de  Physique  de  la  Matiere,  Villeur- 
banne,  France;  M.  Charbonnier,  and  M. 
Romand,  CNRS ,  Laboratoire  de  Chimie 
Appliquee,  Villeurbanne ,  France;  and  B. 
Canut,  Universite  Claude  Bernard,  Labora¬ 
toire  de  Physique  des  Materiaux,  Villeur¬ 
banne,  France. 

2:45  A8.6 

ANNEALING  BEHAVIOUR  OF  BURIED  AMORPHOUS 
LAYERS  FORMED  BY  MEV  115IN+  IMPLANTATION  IN 
SI ( 100 ) ,  R.J.  Schreutelkamp.  J.R.  Liefting, 
FOM-Institute  for  Atomic  and  Molecular 
Physics,  Amsterdam,  The  Netherlands;  W.X. 
Lu,  FOM-Institute  for  Atomic  and  Molecular 
Physics,  Amsterdam,  The  Netherlands  and 
Beijing  Normal  University,  Beijing,  China; 
and  Z.L.  Wang.  B.X.  Zhang,  Beijing  Normal 
University,  Beijing,  China. 

3:00  BREAK 

3 : 30  A8.7 

KINETICS  AND  MICROSTRUCTURE  OF  TRANSIENTLY 
ANNEALED  IMPLANTED  POLYCRYSTALLINE  SILICON 
LAYERS,  J.M.C.  England.  P.J.  Timans ,  R.A. 
McMahon,  H.  Ahmed,  Cambridge  University, 
Microelectronics  Research  Laboratory,  Cam¬ 
bridge,  United  Kingdom;  C.  Hill,  P.D. 
Augustus  and  D.R.  Boys,  Plessey  Research, 
Allen  Clerk  Research  Centre,  Caswell, 
Towcester,  United  Kingdom. 


3:45  A8.8 

COMPARISON  OF  THE  EFFECTS  OF  N-TYPE  AND  P- 
TYPE  HYDROGENIC  IMPURITY  CONCENTRATIONS  ON 
THE  SOLID  PHASE  EPITAXIAL  GROWTH  OF  AMOR¬ 
PHOUS  SILICON,  Young-Jin  Jeon,  University  of 
Texas,  Center  for  Materials  Science  and 
Engineering,  Austin,  TX;  Won-Woo  Park,  M.F. 
Becker,  and  R.M.  Walser.  University  of 
Texas,  Department  of  Electrical  and  Computer 
Engineering,  Austin,  TX. 

4:00  A8.9 

COMPARISON  OF  MeV  AND  keV  ION  DAMAGE  IN 
GaAs,  S.T.  Johnson.  Royal  Melbourne  Insti¬ 
tute  of  Technology,  Microelectronics  and 
Materials  Technology  Centre,  Melbourne, 
Australia;  J.S.  Williams,  Royal  Melbourne 
Institute  of  Technology,  Microelectronics 
and  Materials  Technology  Centre,  and  Austra¬ 
lian  National  University,  Electronic  Mate¬ 
rials  Engineering  Department,  Melbourne, 
Australia;  and  R.G.  Elliman,  Royal  Melbourne 
Institute  of  Technology,  Microelectronics 
and  Materials  Technology  Centre,  Melbourne, 
Australia . 

4:15  A8.10 

IN  SITU  CRYSTALLIZATION  STUDY  OF  Kr  ION 
AMORPHIZED  Ge  BY  THERMAL  ANNEALING  WITH  TEM, 
Lu-Min  Wana.  Robert  C.  Birtcher,  and  Lynn  E. 
Rehn,  Argonne  National  Laboratory,  Materials 
Science  Division,  Argonne,  IL. 

4:30  A8.ll 

ION  IMPLANT  ACTIVATION  AND  REDISTRIBUTION  IN 
AljfGa^.^As,  S.J.  Pearton.  W.S.  Hobson,  A.  E. 
Von  Neida,  AT&T  Bell  Laboratories,  Murray 
Hill,  NJ;  N.M.  Haegel,  University  of  Cali¬ 
fornia,  Department  of  Materials  Science,  Los 
Angeles,  CA;  K.S.  Jones,  University  of 
Florida,  Department  of  Materials  Science, 
Gainesville,  FL;  N.  Morris  and  B.J.  Sealy, 
University  of  Surrey,  United  Kingdom. 

4:45  M.--I2 

DOPANT  SITE  LOCATION  IN  DUAL-IMPLANTED  GaP 
USING  DEPTH  OSCILLATIONS  OF  (111)  PLANAR 
CHANNELING  TECHNIQUE,  N.R.  Parikh ,  C.T.  Kao, 
D.R.  Lee,  J.  Muse,  M.L.  Swanson,  Univ.  of 
North  Carolina,  Department  of  Physics  and 
Astronomy,  Chapel  Hill,  NC;  and  T.E.  Haynes, 
Oak  Ridge  National  Lab.,  Oak  Ridge,  TN. 

SESSION  A9 :  POSTER  SESSION  II 
Chairs:  Peter  Bprgesen,  James  A.  Knapp 

and  Ray  A.  Zuhr 
Thursday  Evening,  November  30 
7:00  p.m.  -  10:00  p.m. 

America  Ballroom  (W) 

A9.1  IN-SITU  STUDY  OF  RADIATION  DAMAGE 

IN  V205  INDUCED  BY  LOW  ENERGY  ELECTRONS, 
Hanjie  Fan,  Rebecca  Ai  and  Laurence  D. 
Marks,  Northwestern  University,  Department 
of  Materials  Science  and  Engineering,  Evans¬ 
ton,  IL. 
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A9.2  As  AND  B  ION  IMPLANTATION  THROUGH 

Mo  AND  INTO  Mo-SILICIDE  LAYERS  FOR  SHALLOW 
JUNCTION  FORMATION,  R.  Anaelucci .  M.  Merli, 

S.  Solmi,  A.  Armigliato,  R.  Fabbri,  E. 
Gabilli  and  A.  Poggi,  CNR  -  instituto  LAMEL, 
Bologna,  Italy. 

A9.3  CHARACTERIZATION  OF  N  AND  B 

IMPLANTED  FUSED  SILICA,  G.W.  Arnold  and  R.K. 
Brow,  Sandia  National  Laboratories, 
Albuquerque,  NM. 

A9.4  EXCIMER  LASER  INDUCED  CRYSTALLIZA¬ 

TION  OF  AMORPHOUS  SILICON  NEAR  THRESHOLD, 
R.Z.  Bachrach.  K.  Winer,  J.B.  Boyce,  F. 
Ponce,  S.E.  Ready,  R.I.  Johnson  and  G.B. 
Anderson,  Xerox  Palo  Alto  Research  Center, 
Palo  Alto,  CA. 

A9.S  ELECTRON  BEAM  INDUCED  RADIATION 

DAMAGE  IN  SUPERCONDUCTORS,  S.  Basu .  T.  Roy, 

T. E.  Mitchell  and  M.  Nastasi;  Los  Alamos 
National  Laboratory,  Los  Alamos,  NM. 

A9.6  DUAL  IMPLANTATION  OF  Ti  AND  C  INTO 

SINTERED  a-SiC  AND  HOT  PRESSED  Si3N4 ,  R.S. 
Bhattacharva .  A.K.  Rai,  and  D.  Patrizio, 
University  Energy  Systems,  Inc.,  Dayton,  OH. 

A9.7  X-RAY  AND  RAMAN  TOPOGRAPHIC  STUDIES 

OF  Si-ION  IMPLANTED,  PULS ED-LASER-ANNEALED 
GaAs ,  R.c.  Bowman  Jr..  P.  Adams,  J.T. 
Knudsen,  Aerospace  Corporation,  Los  Angeles, 
CA;  H.D.  Yao,  University  of  Nebraska,  Center 
for  Microelectronic  and  Optical  Materials 
Research,  Lincoln,  NE;  and  A.D.  Compaan, 
University  of  Toledo,  Physics  and  Astronomy 
Department,  Toledo,  OH. 

A9.8  SURFACE  REACTIONS  OF  NiO  AND  CoO  IN 

THE  ELECTRON  MICROSCOPE  ENVIRONMENT,  Marv  I. 
Buckett  and  L.D.  Marks,  Northwestern  Univer¬ 
sity,  Department  of  Materials  Science  and 
Engineering,  Evanston,  IL. 

A9 . 9  SUBNANOSECOND  TIME-RESOLVED  ELEC¬ 

TRON  DIFFRACTION  FROM  THIN  CRYSTALLINE  GOLD 
FILMS,  Hsiu-Chenq  Chen.  University  of 
Rochester,  Laboratory  for  Laser  Energetics 
and  Department  of  Physics  and  Astronomy, 
Rochester,  NY;  Gerard  Mourou,  University  of 
Michigan,  Department  of  Electrical  Engineer¬ 
ing  and  Computer  Science,  Ann  Arbor,  MI;  and 
Robert  Knox,  University  of  Rochester, 
Department  of  Physics  and  Astronomy,  Roches¬ 
ter,  NY. 

A9.10  IRRADIATION  INDUCED  METASTABLE 
PHASE  FORMATION  IN  AMORPHOUS  THIN  FILMS 
DEPOSITED  BY  MAGNETRON  COSPUTTERING,  Oing- 
Ming  Chen .  Huazhong  University  of  Science 
and  Technology,  Wuhan,  China;  Yu-Dian  Fan 
and  Heng-De  Li,  Tsinghua  University, 
Beijing,  China. 


A9.ll  CONDENSATION  OF  ULTRAFINE  SILICA 
FROM  A  LASER-INDUCED  PLUME,  Gan-Mooq  Chow, 
Naval  Research  Laboratory,  Composites  and 
Ceramics  Branch,  Washington,  DC;  and  Peter 

R.  Strutt,  University  of  Connecticut,  In¬ 
stitute  of  Materials  Science,  Storrs,  CT. 

A9.12  LASER  VAPORIZATION  AND  DEPOSITION 
OF  LEAD  ZIRCONATE  TITANATE,  Peter  K. 
Schenck,  Lawrence  P.  Cook.  National  Insti¬ 
tute  of  Standards  and  Technology,  Gaithers¬ 
burg,  MD;  Jiarong  Zhao,  Chinese  Academy  of 
Science,  Beijing,  China;  John  W.  Hastie, 
Edward  N.  Farabaugh,  Chwan-Kang  Chiang,  Mark 
D.  Vaudin,  National  Institute  of  Standards 
and  Technology,  Gaithersburg,  MD;  and  Philip 

S.  Brody,  Harry  Diamond  Laboratories, 
Adelphi,  MD. 

AQ  .13  PHOSPHORUS  IMPLANTATION  OF  304L 
STAINLESS  STEEL,  E.C.  Coonev.  D.I.  Potter, 
The  University  of  Connecticut,  School  of  En¬ 
gineering,  Institute  of  Materials  Science, 
Metallurgy  Department, Storrs,  CT;  N.L.  Lee 
and  G.B.  Fisher,  General  Motors  Research 
Laboratories,  Physical  Chemistry  Department, 
Warren,  MI. 

AQ .14  DENSITY  OF  AMORPHIZED  SILICON  AND 
ITS  CORRELATION  WITH  STRUCTURE,  J.S.  Custer, 
Michael  0.  Thompson,  Cornell  University, 
College  of  Engineering,  Department  of  Mate¬ 
rials  Science  and  Engineering,  Ithaca,  NY; 
J.M.  Poate,  D.C.  Jacobson,  AT&T  Bell  Labora¬ 
tories,  Murray  Hill,  NJ;  S.  Roorda,  W.C. 
Sinke,  FOM  Institute  for  Atomic  and  Molecu¬ 
lar  Physics,  Amsterdam,  The  Netherlands;  and 
F.  Spaepen,  Harvard  University,  Cambridge, 
MA. 

A9.1S  NOBLE  GAS  ION  IMPLANTATIONS  IN 
LASER  TREATED  MATERIALS,  J.Th-M.  De  Hosson. 
Materials  Science  Centre,  Department  of 
Applied  Physics,  Groningen,  The  Netherlands. 

A9.16  FEMTOSECOND  LASER  MELTING  OF 
GRAPHITE,  D.H.  Reitze,  X.  Wang,  H.  Ahn  and 
M.C.  Downer.  University  of  Texas  at  Austin, 
Physics  Department,  Austin,  TX. 

A9.17  FORMATION  OF  DEFECT-FREE  SHALLOW 
JUNCTIONS  BY  LOW-TEMPERATURE  RAPID  THERMAL 
ANNEALING,  M.K.  El-Ghor.  S.J.  Pennycook,  and 
R.A.  Zuhr,  Oak  Ridge  National  Laboratory, 
Oak  Ridge,  TN. 

A9.18  A  COMPARISON  OF  LOW  AND  HIGH  DOSE 
GALLIUM  ION  IMPLANTED  POLYCRYSTALLINE  SILI¬ 
CON,  H.B.  Harrison.  Griffith  University, 
Microelectronics  Department,  Brisbane, 
Australia;  A.P.  Pogany,  D.X.  Cao,  MMTL, 
RMIT,  Melbourne,  Australia;  and  Y.  Komen, 
Technion,  Israel. 
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A9.19  DIFFUSION  OF  CARBON  IN  TEMPERED 
MARTENSITIC  STEEL  DURING  LASER  MELTING,  J-P. 
Hirvonen .  T.R.  Jervis  and  T.G.  Zocco,  Los 
Alamos  National  Laboratory,  Materials 
Science  and  Technology  Division,  Los  Alamos, 
NM. 

A9.20  RAPID  THERMAL  ANNEALING  OF  Si+  AND 
P+  DUALLY  IMPLANTED  InP,  Shen  Honalie,  Yang 
Genqing,  Zhou  Zuyao,  and  Zou  Shichang, 
Shanghai  Institute  of  Metallurgy,  Ion  Beam 
Laboratory,  Shanghai,  China. 

A9.21  MODELING  OF  LOCALIZED  MELTING  OF 
THIN  Si  FILMS  IN  ZONE-MELTING  RECRYSTALLIZA¬ 
TION,  J .  S .  Im.  Massachusetts  Institute  of 
Technology,  Department  of  Materials  Science 
and  Engineering,  Cambridge,  MA,  and  Mas¬ 
sachusetts  Institute  of  Technology,  Lincoln 
Laboratory,  Lexington,  MA;  J.D.  Lipman,  I.N. 
Miaoulis,  Tufts  University,  Mechanical 
Engineering  Department,  Medford,  MA;  C.K. 
Chen,  Massachusetts  Institute  of  Technology, 
Lincoln  Laboratory,  Lexington,  MA;  and  C.V. 
Thompson,  Massachusetts  Institute  of  Tech¬ 
nology,  Department  of  Materials  Science  and 
Engineering,  Cambridge,  MA. 

A9.22  EFFECTS  OF  NITROGEN  ION  IMPLANTA¬ 
TION  IN  304  STAINLESS  STEEL  AT  HIGH  TEMPERA¬ 
TURES,  Sadhna  Shrivastava,  Ram  D.  Tarey, 
M.C.  Bhatnagar,  Amitabh  Jain  and  K.L. 
Chopra,  Indian  Institute  of  Technology,  New 
Delhi,  India. 

A9.23  ANALYTICAL  STUDY  OF  EFFECT  OF 
ARSENIC  CONCENTRATION  ON  SOLID  PHASE  EPITAX¬ 
IAL  GROWTH  OF  AMORPHOUS  SILICON,  Youno-Jin 
Jeon.  University  of  Texas,  Center  for  Ma¬ 
terials  Science  and  Engineering,  Austin,  TX; 
M.F.  Becker  and  R.M.  Walser,  University  of 
Texas,  Department  of  Electrical  and  Computer 
Engineering,  Austin,  TX. 

A9.24  ION  CHANNELING  MEASUREMENTS  OF 
STRAIN  IN  GERMANIUM  IMPLANTED  AND  ANNEALED 
SILICON,  E . A .  Johnson  and  F.  Namavar,  Spire 
Corporation,  Bedford,  MA;  and  R.J. 
Culbertson,  U.S.  Army  Materials  Technology 
Laboratory ,  Watertown ,  MA . 

A9.25  LOW  ENERGY  Si  AND  Sn  IMPLANTATION 
OF  GaAs ,  K.S.  Jones.  W.S.  Rubart,  L. 
Seiberling,  University  of  Florida,  Gaines¬ 
ville,  FL;  and  D.K.  Sadana,  IBM  T.J.  Watson 
Research  Center,  Yorktown  Heights,  NY. 

A9.26  HIGHLY  STABLE  W/p-In0  53Ga0  47AS 
OHMIC  CONTACTS  FORMED  BY  RAPID  THERMAL 
PROCESSING,  A.  Katz.  R.F.  Karlickek  Jr., 
J.D.  Wynn,  B.E.  Weir,  D.  Maher,  P.M.  Thomas, 
M.  Soler,  W.C.  Dautremont-Smith,  and  L.C. 
Kimerling,  AT4T  Bell  Laboratories,  Murray 
Hill,  NJ. 


A9.27  MOSSBAUER  STUDY  OF  THE  DEFECT 
STRUCTURES  AROUND  Te  IMPLANTED  IN  Alx- 
Ga^_xAs,  H.  Bemelmans  and  G.  Lanoouche . 
University  of  Leuven,  Instituut  voor  Kern- 
en  Stralingsfysica,  Leuven,  Belgium;  and  G. 
Borghs,  IMEC,  Leuven,  Belgium. 

A9.2B  ION  BEAM  METHOD  TO  STUDY  FRACTAL 
AGGREGATION  OF  MAGNETIC  PARTICLES  IN  THIN 
FILMS,  J.R.  Ding,  L.J.  Huang,  Tsinghua 
University,  Department  of  Materials  Science 
and  Engineering,  Beijing,  China;  and  B.X. 
Liu .  Tsinghua  University,  Department  of 
Materials  Science  and  Engineering,  and 
Center  of  Condensed  Matter  and  Radiation 
Physics,  CCAST  (World  Lab.),  Beijing,  China. 

A9.29  MODIFICATION  OF  NITRIDE  CERAMIC 
STRUCTURE  AND  RESISTIVITY  BY  ION  BEAMS,  V.V. 
Lopatin  and  A.V.  Kabyshev,  High  Voltage 
Institute,  Tomsk,  USSR. 

A9.30  REDUCTION  IN  SECONDARY  DEFECT 
FORMATION  IN  MEV  ION  IMPLANTED  SI (100),  W.X. 
Lu .  R.J.  Schreutelkamp,  J.R.  Lief  ting,  and 
F.W.  Saris,  FOM-Institute  for  Atomic  and 
Molecular  Physics,  Amsterdam,  The  Nether¬ 
lands  . 

A9.31  AMORPHOUS  METALLIC  NiTi  ALLOYS 
FORMED  BY  PLASMA  ION  MIXING,  Xiaoci  Zheng . 
R.  Arthur  Dodd,  University  of  Wisconsin, 
Materials  Science  Department,  Madison,  WI ; 
John  R.  Conrad  and  Frank  Worzala,  University 
of  Wisconsin,  NEEP  and  Materials  Science  De¬ 
partment,  Madison,  WI. 

f,9.32  LASER  PULSE  TRIGGERING  OF  THE 
EXPLOSIVE  CRYSTALLIZATION  IN  AMORPHOUS  Si 
AND  Ge  THIN  FILMS,  W.  Marine  and  J. 
Marfaing,  UA  CNRS,  Faculte  des  Sciences  de 
Luminy,  Dfepartement  de  Physique,  Marseille, 
France . 

A9.33  HREM  OF  ELECTRON  BEAM  INDUCED 
AMORPHI Z ATION  AND  PHASE  TRANSFORMATION  IN 
M0O3  CRYSTAL,  Shri  R.  Singh,  Carnegie  Mellon 
University,  MEMS  Department,  Pittsburgh,  PA; 
and  Laurence  D.  Marks.  Northwestern  Univer¬ 
sity,  Center  for  Radiation  Damage  Studies, 
Department  of  Materials  Science  and  En¬ 
gineering,  Evanston,  IL. 

A9.34  THE  EFFECTS  OF  ANNEALING  ON  THE 
STRUCTURE  AND  DISTRIBUTION  OF  CHARGE  STATES 
OF  IRON  IMPLANTED  INTO  a-Al203  AT  77K,  C. J. 
McHaraue .  P.S.  Sklad,  J.C.  McCallum  and  C.W. 
White,  Oak  Ridge  National  Laboratory,  Metals 
and  Ceramics  Division,  Oak  Ridge,  TN;  A. 
Perez  and  G.  Marest,  University  Claude 
Bernard,  Villeurbanne,  France. 

A9.35  QUALITATIVE  MODEL  FOR  SURFACE 
RIPPLING  OF  ZONE  MELTING  RECRYSTALLIZED 
SILICON-ON-INSULATOR  LAYERS,  Paul  W.  Mertens 
and  Herman  E.  Maes,  IMEC,  Leuven,  Belgium. 
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A9. 36  PARAMETRIC  STUDY  OF  THE  ZONE-MELT- 
ING-RECRYSTALLIZATION  PROCESS  OF  SOI  STRUC¬ 
TURES,  Joseph  Lipman,  Ioannis  N.  Miaoulis. 
Tufts  University,  Mechanical  Engineering 
Department,  Medford,  MA;  and  Jim  S.  Im,  Mas¬ 
sachusetts  Institute  of  Technology,  Mate¬ 
rials  Science  and  Engineering  Department, 
Cambridge,  MA. 

A9.37  THE  EFFECT  OF  CHROMIUM  IMPLANTATION 
ON  THE  FRACTURE  STRENGTH  OF  A1203 ,  M.E. 
O' Hern .  C.J.  McHargue,  C.W.  White,  Oak  Ridge 
National  Laboratory,  Oak  Ridge,  TN;  and  G.C. 
Farlow,  Wright  State  University,  Dayton,  OH. 

A9.38  ION-IMPLANTATION  INDUCED  AMORPHIZA- 
TION  OF  CERAMIC  OXIDES,  D.F.  Pedraza.  Oak 
Ridge  National  Laboratory,  Metals  and  Ceram¬ 
ics  Division,  Oak  Ridge,  TN. 

A9-39  METASTABLE  STATES  AND  INCREASE  IN 
CORROSION-MECHANICAL  RESISTANCE  IN  STEELS 
IRRADIATED  BY  HIGH  POWER  ION  BEAMS,  A.D. 
Poarebn iak .  V.P.  Kushnarenko,  N.N.  Shabanov, 
Nuclear  Physics  Institute,  Tomsk,  USSR;  A.K. 
Maksimov,  Yu.M.  Iesikov,  V.M.  Yugai,  Tengiz- 
neftegas,  Kulsary  Department,  Kaz,  USSR. 

A9.40  ION  BEAM  INDUCED  CONDUCTIVITY 
CHANGES  IN  GLASSY  CARBON,  Douglas  McCulloch 
and  Steven  Prawer .  Royal  Melbourne  Institute 
of  Technology,  Microelectronics  and  Materi¬ 
als  Technology  Centre,  Melbourne,  Australia. 

A9.41  SYNTHESIS  OF  MoS2  PHASE  IN  THE  NEAR 
SURFACE  REGION  OF  A1203  AND  Zr02  BY  ION 
IMPLANTATION,  A.K.  Rai .  R.S.  Bhattacharya , 
and  D.  Patrizio,  Universal  Energy  Systems, 
Inc.,  Dayton,  OH. 

A9.42  EFFECT  OF  r -RADIATION  ON  PHYSICO¬ 
CHEMICAL  PROPERTIES  OF  LANTHANUM  COBALTATE 
(LaCo03),  B.  Srinivas,  V . R . S .  Rao .  and  J.C. 
Kuriacose,  Indian  Institute  of  Technology, 
Department  of  Chemistry,  Madras,  India. 

A9.43  STRUCTURAL  AND  THERMODYNAMIC 
•PROPERTIES  OF  AMORPHIZED  Si  FORMED  BY  MeV  Si 
BEAMS,  S .  Roorda .  W.C.  Sinke,  FOM  Institute 
for  Atomic  and  Molecular  Physics,  Amsterdam, 
The  Netherlands;  J.M.  Poate ,  D.C.  Jacobson, 
S.  Dierker,  B.S.  Dennis,  AT&T  Bell  Labora¬ 
tories,  Murray  Hill,  NJ;  P.  Fuoss,  AT&T  Bell 
Laboratories,  Holmdel,  N J ;  and  F.  Spaepen, 
Harvard  University,  Cambridge,  MA. 

A9 . 44  THE  ROLE  OF  ION  BEAMS  IN  CHANGING 
THE  STATE  OF  RELAXATION  OF  AMORPHIZED  Si,  Sj. 
Roorda r  W.C.  sinke,  FOM  Institute  for  Atomic 
and  Molecular  Physics,  Amsterdam,  The  Neth¬ 
erlands;  J.M.  Poate,  S.  Dierker,  B.S. 
Dennis,  D.C.  Jacobson,  AT&T  Bell  Laborator¬ 
ies,  Murray  Hill,  NJ;  and  F.  Spaepen, 
Harvard  University,  Cambridge,  MA. 


A9.45  CONCENTRATION  DEPENDENCE  OF  STRUC¬ 
TURE  AND  CONTACT  ELECTRONIC  DENSITY  IN  IRON 
IMPLANTED  SILICON,  Francisco  H.  Sanchez  and 
Marcela  B.  Fernanuez  van  Raap,  Universidad 
Nacional  de  La  Plata,  Departamento  de 
Fisica,  La  Plata,  Argentina. 

A9.46  CHANGE  IN  MAGNETIC  CHARACTERISTIC 
OF  301  STAINLESS  STEEL  IRRADIATED  WITH  LASER 
AND  ION  BEAMS,  H.  Sanda .  M.  Takai  and  S. 
Namba,  Osaka  University,  Faculty  of  Engi¬ 
neering  Science  and  Research  Center  for 
Extreme  Materials,  Electrical  Engineering 
Department,  Osaka,  Japan. 

A9.47  TRANSIENT  DIFFUSION  IN  BORON  ION 
IMPLANTED  SI(100),  R.J.  Schreutelkarap .  FOM- 
Institute  for  Atomic  and  Molecular  Physics, 
Amsterdam,  The  Netherlands;  R.E.  Kaim, 
J.F.M.  Westendorp,  Varian/Extrion  Division, 
Beverly,  MA;  K.T.F.  Janssen,  J.J.M. 
Ottenheim,  Philips  Research  Laboratories, 
Eindhoven,  The  Netherlands;  and  F.W.  Saris, 
FOM-lnstitute  for  Atomic  and  Molecular 
Physics,  Amsterdam,  The  Netherland. 

A  9  -48  ■  RBS  STUDIES  OF  DAMAGE  BEHAVIOR  IN 

SILICON  INDUCED  BY  P2+  IMPLANTATION,  Yang 
Genqing,  Lin  Chenglu,  Fang  Ziwei,  Zhou 
Zuyao,  and  Zou  Shichanq.  Shanghai  Institute 
of  Metallurgy,  Ion  Beam  Laboratory, 
Shanghai,  China. 

A9.49  INVESTIGATION  ON  MECHANISMS  FOR  ION 
BEAM  INDUCED  DEGRADATION  OF  POLYIMIDE,  X.L. 

XU,  Zhou  Zuyao,  Chen  Lizhi,  ion _ Shichapg, 

Shanghai  Institute  of  Metallurgy,  Ion  Beam 
Laboratory ,  Shanghai ,  China . 

A9.50  EVALUATION  OF  SURFACE  EFFECT  ON 
DISLOCATION  LOOP  NUCLEATION  ,  Na.gtp. 
Shinenaka .  Tsuneyuki  Hashimoto,  and  Motomasa 
Fuse,  Hitachi  Ltd.,  Energy  Research  Labora¬ 
tory,  Ibaraki ,  Japan. 

A9.51  STRUCTURAL  ANALYSIS  OF  METASTABLE 
PHASES  IN  INTERMETALLIC  ALLOYS  PRODUCED  BY 
ELECTRON  IRRADIATION  AND  NON-EQUILIBRIUM 
PROCESSING,  W.  Sinkler  and  D.E.  Luzzi, 
University  of  Pennsylvania,  Department  of 
Materials  Science,  Philadelphia,  PA. 

A9.52  SPATIAL  DAMAGE  DISTRIBUTION  IN 
ELECTRON-BEAM  PROCESSED  GAAS-ALGAAS  HETERO¬ 
STRUCTURES,  EXPERIMENT  AND  THEORY,  Doran  D. 
Smith .  U.S.  Army,  Electronics  Technology  and 
Devices  Laboratory,  Department  SLCET-ED,  Ft. 
Monmouth,  NJ;  Tobin  Fink,  New  Jersey  In¬ 
stitute  of  Technology,  Physics  Department, 
Newark,  NJ;  and  W.D.  Braddock,  U.S.  Army, 
Electronics  Technology  and  Devices  Labora¬ 
tory,  Department  SLCET-ED,  Ft.  Monmouth,  NJ 
and  Cornell  University,  Ithaca,  NY. 
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A9.53  ION  IMPLANTATION  INDUCED  EFFECTS  AT 
POLYSILICON  GATE  FEATURE  EDGES,  M.G. 
Stinson,  Microelectronics  Center  of  North 
Carolina,  Research  Triangle  Park,  NC,  and 
North  Carolina  State  University,  Department 
of  Electrical  and  Computer  Engineering, 
Raleigh,  NC;  P.L.  Smith.  Microelectronics 
Center  of  North  Carolina,  Research  Triangle 
Park,  NC;  and  C.M.  Osburn,  Microelectronics 
Center  of  North  Carolina,  Research  Triangle 
Park,  NC,  and  North  Carolina  State  Univer¬ 
sity,  Department  of  Electrical  and  Computer 
Engineering,  Raleigh,  NC. 

A9.S4  FAST  TRANSIENT  ANNEALING  OF  NEUTRON 
TRANSMUTATION  DOPED  InP,  F.P.  Korshunov, 
E . A .  Kudriavtseva,  N . A .  Sobolev.  T . A . 
Prokhorenko,  and  N.G.  Kolin,  Institute  of 
Solid  State  and  Semiconductor  Physics, 
Minsk,  USSR. 

A9.55  EFFECTS  OF  LASER  SURFACE  MELTING  ON 
STRUCTURE  CHARACTER  AND  EROSION  RESISTANCE 
OF  PLASMA-SPRAYED  CERAMIC  COATINGS,  Jia-Shu 
Sun,  Tianjin  Institute  of  Technology,  Tian¬ 
jin,  China. 

A9.56  MICROSTRUCTURAL  ANALYSIS  OF  1  MEV 
NITROGEN  IMPLANTED  FE  AND  TI  SURFACES,  A.M. 
Vredenbera  and  F.W.  Saris,  FOM-Institute  for 
Atomic  and  Molecular  Physics,  Amsterdam,  The 
Netherlands;  N.M.  v.d.  Pers ,  Th.H.  de 
Keijser,  P.F.  Colijn  and  E.J.  Mittemeijer, 
Delft  University  of  Technology,  Laboratory 
of  Metallurgy,  Delft,  The  Netherlands. 

A9.57  CHARACTERISTICS  OF  METAL-p+-GaAs 
SCHOTTKY  BARRIER  JUNCTION  FORMED  BY  FOCUSED- 
I ON-BEAM  IMPLANTATION,  Nobuo  Watanabe .  Takeo 
Tsukamoto  and  Masahiko  Okunuki,  Canon, 
Research  Center,  Kanagawa,  Japan. 

A9.58  STUDY  OF  Hf  DIFFUSION  IN  cf-Zr  USING 
RUTHERFORD  BACKSCATTERING  SPECTROMETRY,  M. 
Behar,  P.L.  Grande,  F.C.  Zawislak.  Instituto 
de  Fisica,  UFRGS  Porto  Alegre,  Brasil;  F. 
Dyment  and  E.  Savino  Comission  Nacional  de 
Energia  Atomica,  Buenos  Aires,  Argentina. 

A9.59  COOPERATIVE  BEHAVIOR  IN  AN  ELECTRON 
STIMULATED  Tl-Ba-Ca-Cu-0  SUPERCONDUCTOR, 
J.P.  Zhang  and  L.D.  Marks,  Northwestern 
University,  Center  for  Surface  Radiation 
Damage  Studies,  Department  of  Materials 
Science  and  Engineering,  Evanston,  IL. 

A9.60  THE  INTERACTION  OF  INERT  GAS  IONS 
WITH  ADSORBATE-COVERED  CRYOGENIC  SURFACES, 
Patricia  M.  George.  John  M.  Lindquist,  Daryl 
L.  Mossman,  Gencorp  Aerojet  Electrosystems 
Co. ,  Azusa,  CA. 


SESSION  A10:  FAST  TRANSIENT  PROCESSING 
Chairs:  P.  S.  Peercy  and  J.  A.  Knapp 

Friday  Morning,  December  1 
Salon  E  (M) 

8:30  *A10 . 1 

TRANSIENT  CONDUCTANCE  MEASUREMENTS,  M.O. 
Thompson .  Cornell  University,  Department  of 
Materials  Science  and  Engineering,  Ithaca, 
NY. 

9:00  A.10.2 

FREEZING  IN  SILICON  AT  LARGE  UNDERCOOLING, 
A.  Polman.  P.A.  Stolk  and  W.C.  Sinke,  FOM- 
Institute  AMOLF,  Amsterdam,  The  Netherlands. 

9:15  A10.3 

TRANSIENT  CONDUCTANCE  MEASUREMENTS  OF  SOLID¬ 
IFICATION  VELOCITIES  OF  ELEMENTAL  METALS, 
Harry  A.  Atwater,  California  Institute  of 
Technology,  Pasadena,  CA;  J.A.  West,  Patrick 
M.  Smith,  M.J.  Azi2.  Harvard  University, 
Division  of  Applied  Sciences,  Cambridge,  MA; 
J.Y.  Tsao  and  P.S.  Peercy,  Sandia  National 
Laboratories,  Albuquerque,  NM;  and  Michael 

O.  Thompson,  Cornell  University,  Department 
of  Materials  Science  and  Engineering, 
Ithaca,  NY. 

9:30  A10-4 

OBSERVATION  OF  PULSED  LASER-INDUCED  MELTING 
OF  SOLID  SURFACES  BY  OPTICAL  SPIN  ORIENTA¬ 
TION,  A.  Vaterlaus.  M.  Lutz,  D.  Guarisco,  M. 
Aeschlimann,  M.  Stampanoni ,  and  F.  Meier, 
ETH  Honggerberg,  Laboratorium  fur  Festkor- 
perphysik,  Zurich,  Switzerland. 

9:45  A10,5 

SUB-MELTING  LASER  INDUCED  GRAIN  GROWTH,  S.A. 
Aiuria .  C.V.  Thompson,  Massachusetts  Insti¬ 
tute  of  Technology,  Department  of  Materials 
Science  and  Engineering,  Cambridge,  MA. 

10:00  BREAK 

10:30  A10.6 

PULSED  LASER  MELTING  OF  INTERMEDIATE  Cu-Zn 
PHASES,  D.M.  Follstaedt  and  P.S.  Peercy, 
Sandia  National  Laboratories,  Albuquerque, 
NM;  and  J.H.  Perepezko,  University  of  Wis¬ 
consin,  Department  of  Metallurgical  and 
Mineral  Engineering,  Madison,  WI . 

10:45  A10.7 

LASER  MIXING  OF  TITANIUM  ON  SILICON  CARBIDE, 
T-R.  Jervis.  J-P.  Hirvonen,  M.  Nastasi  and 
M.R.  Cohen,  Los  Alamos  National  Laboratory, 
Materials  Science  and  Technology  Department, 
Los  Alamos,  NM. 

11:00  A10.8 

TEMPERATURE  MEASUREMENT  BY  INFRARED  TRANS¬ 
MISSION  FOR  RAPID  THERMAL  PROCESSING  AP¬ 
PLICATIONS,  J.C.  Sturm.  P.V.  Schwartz,  and 

P. M.  Garone,  Princeton  University,  Dept,  of 
Electrical  Engineering,  Princeton,  NJ. 
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11:15  A1 0,9 

METASTABLE  GE-SN  ALLOY  LAYERS  PREPARED  BY 
PULSED  LASER  MELTING,  I.T.H.  Chang.  B. 
Cantor,  University  of  Oxford,  Department  of 
Metallurgy  and  Science  of  Materials,  Oxford, 
United  Kingdom;  and  A.G.  Cullis,  Royal 
Signals  and  Radar  Establishment,  Worcs, 
United  Kingdom. 

11:30  Al 0.10 

CHARACTERIZATION  OF  PULSED  LASER  BEAM  MIXED 
AuTeGaAs  OHMIC  CONTACTS,  K.  Wuvts ,  R.E. 
silverans .  K.U.  Leuven,  Physics  Department, 
Leuven,  Belgium;  M.  Van  Hove,  and  M.  Van 

Rossum,  Interuniversity  Microelectronics 
Center,  Leuven,  Belgium. 

11:45  &2JUH 

MELTING  OF  ION  IMPLANTED  AND  RELAXED  AMOR¬ 
PHOUS  SILICON,  M.G.  Grimaldi.  P.  Baeri, 
Dipartimento  di  Fisica,  Catania,  Italy;  and 
G.  Baratta,  Istituto  di  Astronomia,  Catania, 
Italy. 

SESSI0N.-A11:  BEAM  MODIFICATION  OF... .METALS 
Chair:  D.  M.  Follstaedt 
Friday  Afternoon,  December  1 
Salon  E  (M) 

1:30 

MARTENSITIC  TRANSFORMATIONS  IN  ION  IMPLANTED 
STAINLESS  STEELS,  E.  Johnson.  University  of 
Copenhagen,  Physics  Laboratory,  Copenhagen, 
Denmark . 

2:00  All. 2 

HARDNESS-DAMAGE  CORRELATIONS  IN  Ta  IMPLANTED 
SINGLE  CRYSTAL  Ni3Al,  Gary  S.  Was.  Univer¬ 
sity  of  Michigan,  Departments  of  Nuclear 
Engineering  and  Materials  science  and  Engi¬ 
neering,  Ann  Arbor,  MI;  and  S.  Mantl ,  KFA 
Jiilich,  Institut  fur  Schicht-und  lonentech- 
nik,  Jiilich,  West  Germany. 

2:15  All. 3 

IRRADIATION-INDUCED  AMORPHIZATION  AND  SHEAR 
ELASTIC  INSTABILITY  IN  INTERMETALLIC  COM¬ 
POUNDS,  J.  Koike.  Los  Alamos  National  Labor¬ 
atory,  Center  for  Materials  Science,  Los 
Alamos,  NM;  P.R.  Okamoto,  L.E.  Rehn,  R. 
Bhadra,  M.H.  Grimsditch,  Argonne  National 
Laboratory,  Materials  Science  Division,  Ar¬ 
gonne,  IL;  and  M.  Meshii,  Northwestern  Uni¬ 
versity,  Department  of  Materials  Science  and 
Engineering,  Evanston,  IL. 

2:30  All. 4 

THE  EFFECT  OF  MICROSTRUCTURE  ON  THE  MORPHOL¬ 
OGY  AND  KINETICS  OF  AMORPHIZATION  INDUCED  BY 
ION  IRRADIATION,  D.F.  Pedraza  and  P.J. 
Maziasz,  Oak  Ridge  National  Laboratory, 
Metals  and  Ceramics  Division,  Oak  Ridge,  TN. 


2:45  All. 5 

EXTENDED  SOLID  SOLUTION  FORMATION  IN  THE  Ti- 
Co-Ni  SYSTEM,  David  A.  Lilienfeld  and  P. 
B0rgesen,  Cornell  University,  Ithaca,  NY. 

3:00  All. 6 

CHARACTERIZATION  OF  HIGH-DOSE  CARBON-ION- 
IMPLANTED  AND  ANNEALED  Nb,  J.S.  Huang. 
Lawrence  Livermore  National  Laboratory, 
Livermore,  CA. 

3:15  All. 7 

STRENGTHENING  OF  ALUMINUM  BY  OXYGEN  IMPLAN¬ 
TATION:  EXPERIMENTAL  RESULTS  AND  MECHANICAL 
MODELING,  Roy  J.  Bourcier.  Samuel  M.  Myers 
and  David  M.  Follstaedt,  Sandia  National 
Laboratories,  Albuquerque,  NM;  and  Douglas 
H.  Polonis,  University  of  Washington,  Mate¬ 
rial  Science  and  Engineering  Department, 
Seattle,  WA. 

3:30 

ION  BEAM  INDUCED  PERCOLATION  CLUSTERING  IN 
Al-Fe-Cu  ALLOY  FILMS,  C.H.  Shang,  Tsinghua 
University,  Department  of  Materials  Science 
and  Engineering,  Beijing,  China;  and  B.X. 
Liu .  Tsinghua  University,  Department  of 
Materials  Science  and  Engineering,  and 
Center  of  Condensed  Matter  and  Radiation 
Physics,  COAST  (World  Lab.),  Beijing,  China. 

3:45  ah  T  9 

UNUSUAL  MICROSTRUCTURES  OF  A  METASTABLE 
CRYSTALLINE  Pt50Ti50  ALLOY  UNDER  ION  BOM¬ 
BARDMENT,  Y.L.  Chen.  Y.-T.  Cheng,  J.V. 
Mantese,  and  A.B.  Catalan,  General  Motors 
Research  Laboratory,  Warren,  MI. 
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Al.l 

I  OW  ENERGY  ION  BEAM  SURFACE  MODIFICATION,  DEPOSITION, 
AND  S Y N  i  l II'SIS  J.  J.  Cuomo,  IRM  Research  Division,  T.  .1.  Watson  Research 
Center,  PC).  Bos  218,  Yorktown  Heights  NY  10598. 

Energetic  particle  homhardment  of  surfaces  will  change  the  properties  of  that  sur¬ 
face  according  to  the  particle  and  its  energy.  This  paper  is  a  review  of  low  energy 
particle  homhardment  of  surfaces  during  film  growth.  Property  modifications, 
deposition  and  compound  synthesis  arc  presented.  P,nergctic  particle 
homhardment  ( 100- 1000  cV)  during  deposition  alters  film  properties  such  as  stress, 
density,  electrical  resistivity,  chemical  purity,  hydrogen  distribution,  structure  and 
composition.  Physical  properties  as  well  as  the  hydrogen  content  of  Nb,  Cr,  W, 
and  Cu  are  controlled  by  ion  bombardment  during  deposition.  Pnergctic  particle 
bombardment  of  a  growing  ZrQ,  film  reduces  its  porosity  and  increase  its  index 
of  refraction.  Changes  in  microstructure  and  orientation  are  found  in  Nb,  AIN  and 
Group  IV  R  nitride  films.  Synthesis  of  stable  and  metastable  phases  for  high  T, 
superconductors,  copper  oxides,  CrO,,  AIN,  and  Group  IV  R  mono  and  higher 
nitrides  are  also  possible  with  energetic  ion  bombardment.  Results  on  amorphous 
diamond-like  carbon  films  deposited  by  ion  beam  deposition  will  also  be  presented. 

A1.2 

ION  BEAM-ASSISTED  MBE. *  E.  Chason.  J.Y.  Tsao, 
K.M.  Horn,  D.K.  Brice  and  S,T.  Picraux,  Sandia 
National  Laboratories,  Albuquerque,  NM  87185 

Simultaneous  growth  and  ion  bombardment  is  shown 
to  enhance  the  smoothening  of  surfaces  during  MBE 
growth  under  certain  conditions.  For  example,  a 
500  eV  Ar  ion  beam  roughened  surface  at  500  C  is 
smoothened  after  less  than  two  monolayers  of 
subsequent  growth  and  bombardment.  This  beam- 
enhanced  smoothening  phenomenon  is  discussed  in 
terms  of  a  competetive  balance  between  creation 
and  annihilation  of  different  types  of  surface 
defects;  low  energy  ion  beams  create  primarily 
vacancy-like  defects  while  growth  beams  create 
adatom  defects.  The  evolution  of  the  surface 
is  mediated  by  the  interaction  of  these  defects 
with  each  other  and  existing  ledges  and  clusters. 

Real-time  measurements  of  the  kinetics  of  surface 
roughening  and  smoothening  made  by  RHEED 
(reflection  high  energy  electron  diffraction)  are 
discussed  in  terms  of  this  picture.  During  ion 
bombardment,  surfaces  are  observed  to  reach  a 
temperature  dependent  steady  state  roughness.  A 
similar  temperature  dependence  is  observed  for 
growth  roughening.  Yet,  surprisingly,  simul¬ 
taneous  ion  bombardment  and  growth  has  been 
observed  to  lead  to  a  smoothening  of  the  surface. 
The  energy  and  mass  dependence  of  the  beam 
assisted  MBE  results  are  compared  with 
calculations  of  surface  and  bulk  displacement 

thresholds. _ _ _ _ _ 

♦This  work  performed  at  Sandia  National  Labora- 
tories  supported  by  the  U.S.  Department  of  Energy 
under  contract  1DE-AC04076DP00789 . 

A1.3 

LOW  ENERGY  ION  BOMBARDMENT  AND  ISLAND  COARS¬ 
ENING  IN  THIN  FILMS,  Chih  H.  Yang  and  Harry  A.  Atwater, 
California  Institute  of  Technology,  Pasadena,  CA,  91125. 

Low  energy  ion  bombardment  during  thin  film  deposition  has 
been  shown  to  significantly  modify  the  microstructure  of  de¬ 
posited  polycrystalline  thin  films.  However,  little  of  a  funda¬ 
mental  nature  is  known  about  the  interaction  of  a  low  energy 
ion  beam  with  a  discontinuous  film  at  the  early  stages  of  growth, 
and  the  resulting  effect  on  microstructure.  We  have  modeled  the 
effects  of  low  energy  ion  bombardment  on  post-nudeation  coars¬ 
ening  of  islands  in  discontinuous  films,  using  a  procedure  similar 
to  the  classical  analysis  of  coarsening  of  Lifschitz,  Slyozov  and 
Wagner(LSW).  Solution  of  a  continuity  equation,  subject  to  the 
constraint  of  man  conservation,  coupled  with  interface-limited 
and  diffusion-limited  rate  laws  for  island  coarsening  allow  vari¬ 


ous  types  of  ion-surface  interactions  and  island  size  distributions 
to  be  modeled. 

It  has  speculated  that  several  different  phenomena  may  occur 
as  a  result  of  low  energy  ion  bombardment  during  film  growth, 
including  enhanced  adatom  diffusion,  sputtering,  dissociation  of 
small  islands  and  generation  of  new  nucleation  sites.  Our  anal¬ 
ysis  suggests  that  each  of  these  phenomena  leads  to  a  unique 
kinetic  path  for  coarsening  and  very  different  film  microstruc¬ 
tures.  Hence  it  may  be  possible,  through  a  study  of  island  coars¬ 
ening  kinetics  to  assess  the  relative  importance  of  adatom  dif¬ 
fusion,  sputtering,  island  dissociation,  etc.  in  determining  film 
microstructure  resulting  from  ion  assisted  deposition. 

A1.4 

ION  BEAM  ASSISTED  ZIRCONIUM  NITRIDE  FILMS. 
I.C.Oppenheim.  Materials  Science  and  Engineering,  The  Johns 
Hopkins  University,  Baltimore,  MD  21218;  K.R.Padmanabhan, 
Department  of  Physics  and  Astronomy,  Wayne  State  University, 
Detroit,  MI  48202, 

RF  sputter  deposition  of  500  nm  thick  zirconium  films  was  carried  on 
simultaneously  with  implantation  of  singly  ionized  molecular  nitrogen. 
Samples  were  prepared  at  room  temperature  (23  °C)  with  a  nitrogen  to 
zirconium  arrival  ratio  varying  from  2.7x10-2 10  4.4x10-1  and  with  the 
ion  energy  varying  from  100  to  300  keV. 

Stoichiometry  of  the  films  and  ion  concentration  profiles  were 
determined  by  Rutherford  Backscattering  Spectrometry.  Results  from  a 
theoretical  model  for  the  ion  concentration  profiles  will  be  compared  to 
profiles  derived  from  experiments.  Grazing  Angle  X-Ray  Diffraction 
was  used  to  correlate  nitride  phase  formation  to  processing  parameters. 

Knoop  microhardness  of  films  deposited  on  304  stainless  steel 
substrates  were  determined.  The  relative  microhardness  of  the  samples 
are  studied  as  a  function  of  parameters  such  as  film  stoichiometry  and 
ion  implantationenergy. 

A1.5 

IMPORTANCE  OF  SURFACE  PREPARATION  IN  DIRECT  ION 
BEAM  DEPOSITION! IBD)  Kiyoshi  Miyake, 

Hitachi  Research  Laboratory,  Ku j i -cho  4026, 
Hitachi,  Ibaraki  319-12  JAPAN. 

Firstly  epitaxial  growth  of  Si  and  Ge  films 
using  mass-separated  low  energy  direct  IBD  method 
is  discussed.  Our  IBD  system  provides  an 
isotopically  pure  /4Ge  +  or  ^°Si  ion  beam  with 
100-200  eV  and  100-300  uA  in  10"b  Pa  vacuum 
pressure.  Si  epitaxial  growth  is  possible  at  740°C 
on  Si(100)  substrates  using  200  eV  ^°Si  ion  beam 
without  special  surface  cleaning.  The  crystalline 
properties  of  the  deposited  films  will  be 
discussed  from  the  view  point  of  surface 
preparation  and  impurity  inclusion  problem. 

Secondary  a  new  attempt  for  Si  surface  cleaning 
method  is  presented  which  utilize  low  energy(0.5- 
1.0  keV)  hydrogen  ion  irradiation  to  remove  Si 
surface  native  oxide.  In-situ  AES  analysis  of 
SiOp/Si  layer  under  H2+  ion  bombardment  indicates 
that  chemical  sputtering  of  Si02  by  ion  implanted 
H  ions  at  450-500°C  plays  a  great  role  to  remove 
surface  Si02  oxide. 

Through  these  two  dicussions  the  importance  of 
surface  preparation  in  direct  ion  beam  deposition 
will  be  stressed. 
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PREPARATION  AND  CHARACTERIZATION  OF  ION  BEAM  ASSISTED 
ALUMINUM  OXIDE  FILMS.  J.  K.  Hirvonen,  T.  Tetreault,  G. 
Parker  and  8.  W.  Murray,  Spire  Corporation,  Bedford,  MA; 
P.  Revesz,  Cornell  University,  Ithaca,  NY. 

Dense,  adherent,  physically  robust  and  high  optical  grade 
aluminum  oxide  coatings  are  required  for  protective 
coatings  on  optical  reflecting  surfaces.  Electron  beam 
evaporation  of  A1203  (or  Al)  has  been  used  in  conjunction 
with  low  energy  (200-600  eV)  oxygen  ion  bombardment  from  a 
Kaufman  type  ion  source  to  produce  such  coatings  for  a 
range  of  evaporant  to  ion  flux  ratios  on  silicon  and  carbon 
substrates.  The  film's  densities  and  stoichiometries  have 
been  measured  using  surface  profilometry  and  RBS 
measurements  and  ellipsometry  has  been  used  to  measure 
refractive  indices.  Mechanical  characterization  includes 
microhardness  tests  and  adhesion  tests.  Initial  results 
indicate  that  highly  dense  and  adherent  films  with  high 
refractive  indices  can  be  obtained  using  ion  assisted 
deposition. 


SILICON  OXIDE  FILM  FORMATION  BY  THE  SIMULTANEOUS  USE 
OF  A  MICROWAVE  ION  SOURCE  AND  AN  ICB  SYSTEM.  Gikan 
H.  Takaoka.  Hiroshi  Tsuji,  and  Junzo  Ishikawa,  Kyoto 
University,  Sakvo,  Kyoto  606,  Japan 

Silicon  oxide  (SiO.)  films,  which  are  amorphous 
and  insulating  materiaLs  with  a  large  band  gap,  have 

wide  applications  for  functional  coatings  in  semiconductor 
devices.  We  have  prepared  Si02  films  at  a  substrate 
temperature  of  100°C  by  the  simultaneous  use  of  a  microwave 
ion  source  and  an  ICB  system.  The  microwave  ion  source 

system  is  used  to  produce  low  energy  (100-5(10  eV)  oxygen 

ion  beams  in  a  high  vacuum  of  about  10  Torr .  In 
the  ICB  system,  SiO-clusters  are  formed,  and  the  ionized 
and  neutral  clusters  are  transferred  to  a  substrate 
to  make  a  contribution  to  the  film  formation. 

By  using  oxygen  ions,  the  transparent  S1O2  films 
could  be  obtained,  and  they  showed  a  refractive  index 
of  1  .46.  The  chemical  etching  rate  was  low  and  similar 

to  that  of  thermally  grown  films  used  in  Si  device 
processes.  The  bonding  between  Si  and  0  atoms  in  these 
films  could  be  enhanced  by  using  both  ionized  clusters 
and  oxygen  ions,  and  the  stoichiometric  SiOj  films 
were  obtained.  Also,  tl^e  films  showed  an  electric 
resistivity  higher  than  ,.10  0-cm,  and  a  breakdown  voltage 

was  larger  than  2  x  10°  V/cm.  Furthermore,  the  surface 
state  density  calculated  from  t^e  C^V  characteristic 
for  the  film  was  found  to  be  6  x  10  cm  eV 

These  results  show  that  the  simultaneous  use  of 
a  microwave  ion  source  and  an  ICB  system  has  a  high 
potential  for  preparing  chemically  stable  SiOj  films 
and  that  the  films  prepared  can  be  applied  to  insulating 
and  passivation  coatings. 


Mil  AST  ADI  I  CrO,  HIM  FORMATION  BY  RIAOIVI  ION  HT  AM 
SYNTHESIS  ASP  RADIO  Till  HMAI  ANIM  ATING  K  V  Ramanathan, 
C  Richard  Ouarnicri,  .1  .1  Cuomo.  IV  A.  Smith,  and  S  Shivnshankar.  HIM  Re¬ 
search  Division.  I  .1  Watson  Research  Center.  I’  ()  Box  21k  Yorktown  Heights 
NY  insQx 

Mctastable  CrO,  films  arc  made  by  reactive  ion  beam  synthesis  followed  by  rapid 
thermal  annealing  Both  steps  arc  required  to  obtain  polycrystallinc  CrO,  films 
Amorphous  films  with  some  CrO,  nuclei  arc  grown  by  bombarding  Cr  deposited 
by  thermal  evaporation  with  low  energy  (  <  500  eV)  ()J  ions  on  substrates  in  the 
temperature  range  of  20-70"C  As  deposited,  these  films  arc  generally  a  mixture 
containing  different  phases  of  chromium  oxide  (CrO,  (>,()„  CrO,,  and  CrO,) 
Substrate  temperature,  ion  energy,  and  the  arrival  rates  of  Oj  to  Cr  influence  the 
composition  and  structure  of  the  as-deposited  film  Rapid  thermal  annealing  is 
necessary  to  separate  and  grow  mctastable  structures  like  CrO,  from  the  as  depos¬ 


ited  oxide  mixture.  Soak  temperatures  of  400°C  with  rapid  heating  to  SOOT  are 
used  in  the  rapid  thermal  annealing.  However,  films  deposited  at  substrate  tem¬ 
peratures  greater  than  70°C  convert  to  Cr,0,  following  annealing  furnace 
annealing  of  as-deposited  films  also  results  in  the  equilibrium  Cr,0,  phase. 


ADHESION  STUDIES  OF  Au  FILMS  ON  GaAs  USING  ION-ASSISTED 
DEPOSITION  TECHNIQUES.  T.  T.  Bardin,  and  J.  G.  Pronko 
Lockheed  Research  and  Development  Division,  0/91-10,  B20l, 
3251  Hanover  St.,  Palo  Alto,  CA  94304-1191.  A.  0.  Kellock 
and  J.  E.  E.  Baglin,  IBM  Almaden  Research  Center,  K34/802, 
650  Harry  Road,  San  Jose,  CA  95120-6099. 

Previous  work^'2  on  the  adhesion  of  Au  metallization  to 
GaAs  indicated  that  bonding  of  the  metallization  is 
extremely  sensitive  to  surface  contamination.  A  series  of 
experiments  have  been  performed  in  an  effort  to  understand 
the  correlation  between  surface  contamination,  evaporation 
conditions,  interface  grain  size,  and  film  adhesion. 
These  experiments  include  a  study  of  the  influence  of  in 
situ  pre-sputtering  of  the  semi-conductor  surface  witK 
low-energy  Ar  ions  prior  to  thermal  deposition  of  Au  films 
as  well  as  ion-assisted  thermal  deposition  of  Au. 
Deposition  conditions  were  varied  in  order  to  study  the 
effects  of  substrate  temperature,  Ar  ion  bombarding  energy 
and  the  relative  flux  of  Ar  ions  to  incident  Au  atoms. 
Adhesion  was  investigated  using  a  peel  test.  In  addition 
the  interface  of  films  processed  under  these  various 
conditions  was  examined  by  XPS,  RBS,  and  TEM  methods. 
Film  stress  and  interface  grain  size  were  studied  by  x-ray 
diffraction  and  x-ray  rocking  curve  measurements.  The 
results  of  these  experiments  will  be  discussed. 

*T.  T.  Bardin,  J.  G.  Pronko,  L.  Sertbetu,  Mat.  Res.  Soc. 
Symp.  Proc.  119  (1988)  147. 

^T.  T.  Bardin,  J.  G.  Pronko,  and  D.  A.  Kozak,  Appl.  Phys. 
Lett.  54  (1989)  173. 


IRRADIATION-INDUCED  GRAIN  GROWTH:  THE  ROLE  OF 
DISLOCATIONS.*  Charles  W.  Allen  and  Lynn  E.  Rehn,  Materials 
Science  Division,  Argonne  National  Laboratory,  Argonne,  IL  60439. 

Thermally  activated  grain  growth  generally  occurs  by  a  grain  boundary 
migration  mechanism  and  at  temperatures  typically  in  excess  of  a  third  to 
half  the  absolute  melting  point  of  the  particular  material.  In  contrast, 
irradiation-induced  grain  growth  is  nearly  athermal.  In  sim  observations 
during  heavy  ion  irradiation  of  evaporated  Au  thin  films  in  Argonne  s 
HVEM-Tandem  User  Facility  al  temperatures  as  low  as  10  K  have  clearly 
demonstrated  that  the  irradiation-induced  growth  occurs  both  by  grain 
boundary  migration  and  by  grain  coalescence.  Previous  theories  of 
irTadiation-induced  grain  growth  have  assumed  that  growth  occurs  by  the 
boundary  migration  mechanism  alone  and  that  only  point  defects  created  ai  a 
grain  boundary  contribute  to  the  growth  process.  These  ia  siiu  studies  show 
that  boundary  migration  is  not  the  only  operative  mechanism,  and  direct 
observation  of  defect  cluster  dynamics  strongly  suggests  that  the  basic 
assumptions  of  previous  theories  of  irradiation-induced  grain  growth  are  at 
least  not  universal.  A  simple  model,  involving  glide  of  dislocations  resulting 
from  the  condensation  of  point  defects,  even  far  removed  from  a  boundary, 
shows  that  glide  of  dislocations  through  a  boundary  produces  local 
boundary  migration  while  glide  to  a  boundary  with  incorporation  of  the 
dislocations  into  the  boundary  structure  changes  the  local  specific  grain 
boundary  energy  which  can  promote  grain  coalescence.  In  either  event,  the 
result  is  essentially  the  same  as  it  would  have  been  from  the  flux  of  the 
initial  vacancies  or  self-interstials  through  or  to  the  boundary  by  bulk 
diffusion.  It  is  suggested  that  the  role  of  dislocations  may  be  especially 
important  in  the  case  of  irradiation-induced  grain  growth  in  gold  in  which 
growth  rates  are  several  times  faster  than  in  other  pure  metals  such  as  Cu, 
Ag,  Ni  and  Al  and  the  visible  dislocation  activity  during  irradiation  is 
extraordinary. 

•Work  supported  by  the  U.S.  Department  of  Energy,  Basic  Energy 
Sciences-Materials  Sciences  under  Contract  #W-31- 109- ENG-38. 
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A2.2 

ion-beam-induced  epitaxial  crystallization  of 

Ge,Si,.,/Si  KETEROSTRUCTURES.  R.G.  Ellimxn.  M.C. 
Ridgway,  J.S.  Williams,  Microelectronics  and  Materials 
Technology  Centre,  Royal  Melbourne  Institute  of  Technology, 
GPO  Box  2476V,  Melbourne,  Victoria  3001,  Australia;  and  J.C. 
Bean,  AT  and  T  Bell  Laboratories,  Murray  Hill,  New  Jersey  07974, 


Ge.Sii.,  layers  of  approximately  100  nm  thickness,  grown 
epitaxially  on  (100)  Si  substrates  by  molecular  beam  epitaxy,  were 
amorphized  to  either  half  their  total  thickness  (thin)  or  completely 
amorphized  to  a  depth  beyond  the  GeSi/Si  interface  (thick)  by  Si 
implantation  at  — 196°C.  Ion-beam  annealing  of  the  amorphous 
GeSi  alloys  was  then  investigated  for  a  variety  of  irradiation 
conditions.  Samples  were  examined  by  high  depth  resolution 
Rutherford  backscattering  and  channeling  and  by  transmission 
electron  microscopy.  Such  analysis  revealed  that  ion-beam 
annealing  caused  epitaxial  crystallization  of  both  the  thin  and  thick 
amorphous  layers.  The  crystalline  perfection  of  the  regrown 
material  and  details  of  the  commensurate/incommensurate 
transformation  are  reported  for  alloy  compositions  in  the  range  x  = 
0.1  to  x  =  0.8. 

A2.3 

DEPENDENCE  OF  INTERFACE  VELOCITY  ON  NOBLE  METAL 
SEGREGATION  DURING  ION  BEAM  ENHANCED  EPITAXY. 
J.  S.  Custer  and  Michael  O.  Thompson,  Cornell  University,  Ithaca,  NY; 
J.  M.  Poate  and  D.  C.  Jacobson,  AT&T  Bell  Laboratories,  Murray  Hill, 
NJ. 

Ion  beam  enhanced  epitaxy  (IBEE)  of  amorphous  Si  (a-Si)  on  crystal  Si 
(c-Si)  is  a  novel,  low  temperature  crystal  growth  process,  offering 
potential  insights  into  long  standing  problems  in  basic  crystal  growth. 
Recent  work  has  focussed  on  measuring  the  segregation  and  trapping  of 
fast-diffusing  noble  metals  (Cu,  Ag,  and  Au)  during  MeV  Ar  induced 
IBEE,  and  comparing  the  results  with  classical  segregation  theory. 

In  this  work  we  use  MeV  Si  beams  to  induce  IBEE  of  both  intrinsic  and 
doped  a-Si  layers  while  continuously  monitoring  the  a-Si/c-Si  interface 
position  with  the  time  resolved  reflectivity  technique.  For  Au  doped 
layers,  we  observe  a  transient  velocity  enhancement  of  up  to  a  factor  of 
2  during  the  build  up  of  the  Au  segregation  spike.  The  observed 
velocity  changes  for  Au  doped  a-Si  during  IBEE  are  much  less  than  the 
velocity  enhancements  observed  for  thermal  anneals.  The  difference 
between  the  velocities  for  various  impurities  will  be  discussed. 

Accurate  velocity  profiles  are  also  required  to  sensitively  compare 
impurity  movement  during  IBEE  with  classical  segregation  theory.  The 
apparent  segregation  coefficients  and  the  effects  of  the  interface  velocity 
on  the  segregation  will  be  presented 

A2.4 

ION  BEAN  INDUCED  CRYSTALLIZATION  IN  PREANORPHIZED  BP(100). 

Naoto  Kohurashi.  Hisao  Kobayashi,  llisao  Tanoue  and  Nobuyuki 
llayashl.  Electrotechnical  Laboratory,  Tsukuba,  ibarakl, 
Japan;  Yukinobu  Kuiashiro.  Yokohama  National  University, 
Yokohama,  Kanarawa,  Japan 

Ion  beai  induced  epitaxial  crystallization  (IBIEC)  in  pre- 
aaorphlzed  BP(IOO)  have  been  investigated  by  leans  of  RBS 
channeling  aethod.  BP  is  an  attractive  aaterial  which  is  a 
refractory  aide  bandgap  sei I  conductor  with  welting  point 
above  3000°C  and  bandgap  of  2. 1  eY. 

BP(100)  saiples  prepared  by  therial  CVD  on  Si(IOO)  »ere 
preaiorphized  in  the  surface  region  with  70  keV  Ar  and  100 
keV  As  ions.  Re-crystal  1 Izat ion  «as  induced  by  subsequent 
ion  boibardients  with  400  keV  Ar  and  400  keV  Kr  at  tempera¬ 
ture  range  between  200°C  and  400°C.  The  current  densities  of 
Ar  and  Kr  ions  were  selected  to  give  the  saie  energy  deposi¬ 
tion  rate  In  the  elastic  collision  process  (4«A/ci‘  for  Ar+ 
and  l«A/c»2  for  Kr+).  Epitaxial  crytal  1  Izat  ion  was  observed 
at  teiperatures  such  below  those  required  for  the  therial 
solid  phase  epitaxy  (SPE)  process  (above  800°C).  The  criti¬ 
cal  teiperature  for  crystallization  at  these  current  den¬ 


sities  was  230°C.  The  activation  energy  observed  by  both 
Ion  species  boibardients  was  0 .  1 7 ±  0 . 08  eV.  The  regrowth 
rate  in  the  saiple  preaiorphized  with  As  ions  was  found  to 
be  1.8  tiles  as  large  as  in  the  saiple  preaiorphized  with 
Ar  ions.  The  regrowth  rate  as  a  function  of  the  deposited 
energy  density  into  nuclear  collision  at  a  given  teiperature 
was  roughly  one-quarter  of  that  in  the  preaiorphized  Si(lll) 
which  was  observed  In  comparison  under  the  same  experliental 
condition.  On  the  saie  scale,  Ar  boibardients  were  found  to 
be  2.7  tiles  lore  effective  in  the  regrowth  rate  than  Kr  ion 
boibardients. 

A2.5 

AMORPHOUS  TO  POLYCRYSTAL  TRANSITION 
ASSISTED  BY  ION  BEAM  IRRADIATION  IN  SILICON. 
C.  Spinella,  S.  Lombardo  and  S.U.  Campisano,  Dip.  di  Fisica 
dell’Universita,  corso  Italia  57,  195129  Catania  (ITALY). 

The  amorphous  to  polycrystal  transition  in  chemical  va¬ 
por  deposited  silicon  films  under  Kr  ion  beam  irradiation  has 
been  studied  in  the  320  -  450  °C  temperature  range.  The 
grain  size  distribution  is  very  narrow  and  the  grain  shape  is 
cylindrical.  Moreover  the  average  grain  diameter  increases 
linearly  with  the  ion  dose.  The  growth  rate  is  thermally  ac¬ 
tivated  with  an  activation  energy  of  0.28  eV,  equal  to  that 
for  the  ion  beam  induced  epitaxial  layer  by  layer  crystalliza¬ 
tion  of  amorphous  silicon.  The  structure  of  the  crystal  grains 
has  been  studied  in  details  and  twins  around  (111)  axis  have 
been  observed.  This  could  explain  why  the  absolute  value  of 
the  grain  growth  rate  is  equal  to  that  for  ion  beam  assisted 
epitaxial  crystallization  on  (111)  substrate  orientation.  Data 
about  the  grain  nucleation  rate  under  ion  beam  irradiation 
are  also  reported  and  compared  with  those  obtained  for  pure 
thermal  processes.  The  results  are  explained  in  terms  of  a 
variation  of  the  free  energy  difference  between  the  amorphous 
and  the  crystal  phase  caused  by  the  ion  beam. 

A2 . 6 

FORMATION  OF  BURIED  ELEMENTAL  LAYERS  USING  ION 
IMPLANTATION,  O.H.  Brown*  and  Z.A.  Munir,  Div.  of 
Materials  Science  and  Engineering,  Univ.  of  Calif.  Davis, 
Davis,  CA  95616,  and  R.G.  Musket,  Lawrence  Livermore 
National  Laboratory,  P.0.  Box  808,  Livermore,  CA  94550 

We  have  shown  that  ion  implantation  can  be  used  to 
form  an  essentially  pure  buried  layer  of  an  implanted 
element  in  a  target  material.  Rutherford  backscattering, 
cross-sectional  transmission  electron  microscopy,  scanning 
electron  microscopy,  and  Auger  electron  spectroscopy 
revealed  that  a  distinct  aluminum  layer  was  formed  in 
single  crystal  beryllium  during  post-implant  annealing 
(500*C,  1  hr)  of  samples  Implanted  with  200  keV  A1+. 

The  Al-Be  system  is  a  representative  of  binary  systems  in 
which  the  elements  have  low  mutual  solubility  and  do  not 
form  Intermediate  phases.  In  such  systems,  precipitation 
of  the  Implanted  element  can  occur  during  implantation 
and/or  post-implant  annealing,  creating  the  possibility  of 
layer  formation  by  processes  that  result  in  precipitate 
coalescence.  For  the  Al-Be  system,  coalescence  of  the 
Implanted  aluminum  into  a  layer  during  annealing  was  found 
to  depend  critically  on  dose  for  50*C  Implants. 

Implantation  at  higher  temperatures  showed  that  layer 
formation  was  also  dependent  on  the  aluminum-precipitate/ 
beryllium-matrix  microstructure  prior  to  annealing. 
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Considerations  for  the  formation  of  burled  elemental 
layers  In  other  systems  are  discussed. 

Nork  performed  under  the  auspices  of  the  U.S.  Department 
of  Energy  by  Lawrence  Livermore  National  Laboratory  under 
contract  #W-7405-£ng-46 . 

•Current  address:  Lawrence  Livermore  National  Laboratory, 
P.0.  Box  806,  Livermore,  CA  94550. 

A2.7 

ION-BEAM-INDUCED  EPITAXIAL  CRYSTALLIZATION  OF 
METAL  SILICIDES.  M.C.  Ridpvav.  R.G.  Elliman,  and  J.S. 
Williams,  Microelectronics  and  Materials  Technology  Centre, 
Royal  Melbourne  Institute  of  Technology,  GPO  Box  2476V, 
Melbourne,  Victoria  3001,  Australia. 

Ion— beam-induced  epitaxial  crystallization  of  disordered  metal 
siliddes  has  been  investigated.  Epitaxial  NiSb  and  CoSh  layers  on 
(111)  Si  substrates  were  implanted  with  low  energy  Si  ions  to  form 
a  disordered  surface  layer  containing  both  amorphous  and  heavily 
damaged  crystalline  material.  Epitsrial  recrystallization  during 
subsequent  high  energy  ion  irradiation  proceeded  in  a 
layer— by— layer  manner  from  the  original  disordered/crystalline 
interface.  For  a  disordered  NiSij  layer  at  45°C,  300  keV  Si  ion 
irradiation  resulted  in  an  ion-beam-induced  growth  rate  of  14±6 
rnn/1015  Si/cm2.  Dislocation  densities  of  the  ion-beam  annealed 
layers  were  greater  than  those  of  the  original  epitaxial  layers. 
Samples  were  analyzed  with  Rutherford  backscattering 
spectrometry  combined  with  channeling  and  transmission  electron 
microscopy.  Ion  beam  and  thermal  annealing  are  compared. 

A2.8 

ION-BEAM  SYNTHESIS  OF  BURIED  YTTRIUM  S1LICIDE.  T.  L.  Alford. 
Material  Science  and  Engineering  Department,  Cornell 
University,  Ithaca,  NY  14853;  and  J.C.  Barbour,  Sandia 
National  Laboratories,  Albuquerque,  NM  87185 

Metal  silicides  find  useful  applications  in  VLSI  electronics 
as  a  result  of  their  low  resisitivity  and  good  stability  at 
high  temperatures.  Several  silicides  form  epitaxial  layers 
on  SI  yielding  nearly  defect-free  structures.  Me  have 
investigated  the  formation  of  a  buried  YSii  7  layer  in  Si. 
The  YSI1.7  structure  has  a  hexagonal  lattice  which  can  form 
epitaxiaily  on  Si(lll)  with  «=  0.0%  mismatch.  The  epitaxial 
relationship  between  YSii  7  and  Si  is  given  by:  YSii. 7(0001) 
//  Si(lll)  and  YSii.7(10l'o]  //  Sif  112.1 .  The  buried  sllicide 
was  formed  by  Implanting  330  keV  Y+  ions  into  Sl(lll) 
substrates  held  at  450*C  followed  by  a  vacuum  anneal  at 
1000*C.  Samples  were  studied  over  the  fluence  range  of  0.5  - 
4x1017  Y/cm2.  Concentration  profiles  were  determined  using 
RBS,  and  the  crystalline  quality  was  analyzed  with  ion 
channeling.  A  continuous  buried  layer  (188  nra  thick)  was 
formed  for  a  fluence  of  4xloH  Y/cm^.  The  Si  overlayer  in 
this  sample  is  24  nm  thick.  RBS  results  from  the  samples 
with  a  fluence  of  2xl017  y/cm^  suggest  that  these  samples 
are  composed  of  a  uniform  buried  YSii. 7  layer  with  YSix 
precipitates  above  and  below  this  layer.  Ion  channeling  in 
the  Si<lll>  direction  showed  that  the  uniform  layers  and  the 
precipitates  are  aligned  with  the  substrate,  as  depicted  by 
a  xmin  v»lu*  of  7*  in  the  Y  signal.  The  perpendicular  and 
parallel  strains,  c*  and  c",  associated  with  the  formation 
of  YSI1.7  were  evaluated  from  x-ray  rocking  curves  using  a 
double  crystal  diffractometer.  The  following  x-ray 
reflections  were  measured;  YSii  7(0004)  //  S i ( 33 3 ) ,  and 
YSii  7(1013)  and  Si(331).  The  residual  strains  in  the  buried 
YSii  7  l«y«r  «re:  e"-0*  and  c,--1.0%. 

This  work  was  funded  by  the  U.S.  DOE  under  contract  no. 
DE-AC04- 76DP00789 . 


A2.9 

ELECTRICAL  TRANSPORT  IN  Si/CoSi2/Si  HETEROSTRUC¬ 
TURES  GROWN  BY  MESOTAXY.  Aiice  E.  White.  M.  L.  Green,  K.  T. 
Shon,  D.  Brasen,  and  K.  Maex’,  AT&T  Bell  Laboratories,  600  Mountain 
Ave.,  Murray  Hill.  NJ  07974. 

We  have  used  mesotaxy,  a  technique  which  involves  high  dose 
implantation  followed  by  high  temperature  annealing1 ,  to  create  thin 
(<S00A)  layers  of  oriented  single-crystal  CoSij  buried  beneath  the 
surface  of  (100)  silicon  wafers.  Several  thousand  angstroms  of  epitaxial 
silicon  are  then  deposited  using  an  RTCVD  process.  This  results  in  a 
Si/CoSij/Si  heterostructure  which  is  difficult  to  grow  by  UHV  deposition 
and  reaction.  Rutherford  backscattering  and  channeling  measurements  in 
conjunction  with  TEM  observation  indicate  that  the  Si  overlayer  has 
threading  dislocations  at  a  density  of  -108/cm2.  In  addition,  some  SiC 
precipitates  appear  at  the  original  Si  surface.  Nonetheless,  Schottky 
barrier  height  measurements  show  that  the  lower  CoSi^/Si  interface  is  of 
acceptable  quality  and  efforts  are  underway  to  improve  the  upper  CoSi2/Si 
interface  in  order  to  make  vertical  transport  measurements. 

’Alice  E.  White,  K.  T.  Short,  R.  C.  Dynes,  J.  P.  Gamo,  and  J.  M.  Gibson, 
Appl.Phys.Utt.  50, 95  (1987). 


’permanent  address:  IMEC,  Uuven,  Belgium 
A2.10 

ION  BEAM  ANNEALING  OF  Si  CO-IMPLANTED  WITH  Ga 
AND  As.*  S.  P.  Withrow.  O.  W.  Holland,  and  S.  J.  Pennyeook, 
Solid  State  Division,  Oak  Ridge  National  Laboratory,  Oak  Ridge, 
TN  37831;  and  J.  Pankove,  Solar  Energy  Research  Institute, 
Golden,  CO  80401. 

Beam-induced  annealing  resulting  from  high-energy,  Si*-ion 
irradiation  of  amorphous  Si  layers  heavily  doped  with  elec¬ 
trically  compensating  impurities  is  discussed.  Amorphous 
layers  were  formed  by  co-implantation  of  overlapping  distri¬ 
butions  of  Ga  and  As  in  a  fluence  range  which  spanned  well 
beyond  the  limits  of  solubility  for  these  dopants  in  Si,  especially 
for  Ga.  At  substrate  temperatures  up  to  400°C,  recrystallization 
of  the  amorphous  layer  is  shown  to  occur  by  solid-phase, 
epitaxial  growth  onto  the  single  crystal  substrate.  The  quality  of 
the  epitaxy  and  the  extent  of  alloying  and  dopant  redistribution 
during  recrystallization  are  compared.  These  results  have  been 
characterized  in  co-implanted  samples  to  ones  which  had  been 
implanted  only  with  a  single  gallium  or  arsenic  impurity. 
Significant  differences  between  the  various  types  of  implanted 
samples  are  detailed.  Lack  of  impurity  precipitation  and 
segregation  in  the  co-implanted  samples,  even  at  concentrations 
exceeding  5  at.  %,  are  attributed  to  compensation  effects  most 
likely  through  clustering  of  the  dissimilar  dopants,  both  in  the 
amorphous  phase  and  in  the  recrystallized  regions.  Rutherford 
backscattering/ion  channeling  and  transmission  electron 
microscopy  were  used  to  characterize  the  samples.  Electrical 
characterization  was  also  done  on  selected  samples. 


•Research  sponsored  by  the  Division  o(  Materials  Sciences,  U.S-  Department  of 
Energy  under  contract  DE-AC05-840R21400  with  Martin  Marietta  Energy  Sys¬ 
tems,  Inc. 
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A2.ll 

EVOLUTION  OF  DIFFUSION  AND  SPUTTER  LIMITED  IMPLANTED 
IMPURITY  DEPTH  PROFILES  DURING  ION  BEAM  SYNTHESIS. 
P  L  F  Hemment ,  A  K  Robinson,  U  Busaraann ,  K  J  Reeson, 

Department  of  Electronic  and  Electrical  Engineering, 
University  of  Surrey,  Guildford,  Surrey,  GU2  5XH,  UK; 
R  Chater  and  J  A  Kilner,  Department  of  Materials,  Imperial 
College,  London,  UK. 

The  formation  of  compounds  (eg  SiO,,  CoSl2)  by  the 

implantation  of  high  doses  ( 2 1 0 1 •  cm'J)  of  reactive  ions  is 
recognised  as  an  important  enabling  technology  for  future 
generations  of  high  performance  microelectronic  devices 
(eg  CMOS/SIMOX).  In  order  to  develop  predictive  models 
describing  the  formation  of  these  materials  it  is  necessary 
to  quantify  the  effects  of  sputtering,  volume  changes  due 
to  compound  formation,  radiation  enhanced  diffusion  and 
segregation. 

In  this  paper  a  systematic  study  of  the  effects  of 
sputtering  is  reported.  The  evolution  of  profiles,  where 
either  sputtering  or  diffusion  are  the  dominant  mechanisms, 
nave  been  studied  by  implanting  reactive  and  chemically 
inert  ion  species  into  low  sputter  rate  (bulk  silicon)  and 
high  sputter  rate  (SiOa  on  Si)  substrates.  Depth  profiles 
of  “0*,  “0*.  N* ,  C*  and  Ar*  ions  implanted  into  (too) 

silicon  to  doses  in  the  range  10“  to  10“  cm"2  at 
temperatures  of  up  to  550°C  have  been  determined  by  SIMS  and 
RBS.  The  sensitivity  of  the  implanted  depth  profiles  to  the 
values  of  physical  parameters  has  been  investigated  using  a 
computer  model  and  the  assumptions  which  must  be  made  to 
achieve  a  good  agreement  with  experimental  profiles  will  be 
discussed . 

A2.12 

FORMATION  OF  BURIED  AND  SURFACE  CoSij  LAYERS  BY 
ION  IMPLANTATION.  M.F.  Wu,  A.  Vantomme,  C.  Lxnraiiche. 
IKS,  University  of  Leuven,  Belgium;  K.  Maex,  J.  Vinhellemont, 
IMEC,  Leuven,  Belgium;  J.  Vanacken,  H.  Vloebergbs  and  Y. 
Bruynseraede,  VSM,  University  of  Leuven,  Belgium. 

The  formation  is  studied  of  buried  CoSij  layers  and  surface  CoSij 
layers  formed  by  high  dose  kw  implantation  in  an  energy  range  of 
30  to  160  keV,  combined  with  conventional  furnace  annealing  or 
with  rapid  thermal  processing.  The  crystalline  quality,  the  phase  of 
the  buried  and  surface  silidde  layers,  the  abruptness  of  the 
interfaces  and  the  electrical  transport  properties  are  studied  by 
RBS,  channeling,  cross-sectional  TEM,  MOssbauer  spectroscopy 
and  resistivity  measurements.  The  stability  of  the  buried  and 
surface  CoSii  layers  at  temperatures  between  1000*  C  and  1200' C  is 
also  studied  and  compared  with  the  results  for  MBE  grown  samples. 

Low  energy  (30  keV)  implantations  with  a  dose  of  5  *  101* 
atoms/cm*  gave  rise  to  continuous  buried  CoSij  layers  as  thin  as  20 
nm  with  good  crystalline  quality.  High  dose  Implantations,  on  the 
other  hand,  gave  rise  to  surface  CoS) j  layers  with  crystalline  quality 
and  electrical  properties  comparable  to  those  of  MBE  grown 
samples  or  buried  CoSii  layers.  It  was  found  that  buried  CoSii 
layers  had  better  thermal  stability  than  surface  CoSii  layers  with 
similar  thickness.  The  disintegration  was  found  to  start  by  void 
formation  at  both  CoSl}/Si  edges. 

A3.1 

ION-3EAM  MIXING  AND  PHASE  FORMATION. 

L-U.  Aaen  Andersen,  J.  Bottiger,  K.  Dyrbye,  and 
J.  Janting,  Institute  of  Physics,  University  of 
Aarhus  DK-8000  Aarhus  C,  Denmark 

The  phase  formation  during  ion- beam  mixing  of 
binary  transition-metal  alloys  have  been  studied 
by  use  of  500-keV  Ar*  and  Xe  and  200-keV  Ne'  in 
the  temperature  range  30-723  K.  Especially  the 
composition  ranges,  where  only  amorphous  phases 
occur,  i.e.,  tha  glass-forming  ranges,  have  been 
investigated.  Baaed  on  semiempirical  data  on 
free  energies,  metastable,  phase  diagrams  have 
been  constructed  end  glass-forming  ranges  esti¬ 


mated  for  the  case  of  negative  heat  of  mixing. 
Taking  into  account  the  quite  large  uncertain¬ 
ties  of  the  applied  thermodynamic  data,  reason¬ 
able  agreement  is  observed  between  estimated  and 
experimental  glass-forming  ranges. 

In  the  case  of  positive  heat  of  mixing,  the 
initial  thin-film  structure  is  near  thermodyna¬ 
mic  equilibrium.  However,  for  small  values  of 
the  heat  of  mixing,  it  is  still  possible  to  form 
amorphous  structures.  In  the  absence  of  chemical 
driving  forces,  this  formation  cannot  be  ex¬ 
plained  in  a  similar  way  as  in  the  case  of  nega¬ 
tive  heat  of  mixing. 

As  the  nucleation  of  crystalline  phases  may 
differ  with  and  without  irradiation,  irradiation 
of  amorphous  structures  at  elevated  temperatures 
may  create  new  metastable  phases.  Preliminary 
measurements  of  crystallization  of  metallic- 
glass  films  during  irradiation  are  reported. 

A3. 2 

THERMODYNAMIC  ASPECTS  OF  ION  MIXING  IN  METALLIC 
SYSTEMS.  W.L.  Johnson,  138-78  Keck  Laboratory,  California 
Institute  of  Technology,  Pasadena,  CA  91125  USA 

Recent  studies  have  clearly  demonstrated  that  phenomena  such  as 
ion  mixing  in  solids  are  in  many  cases  dominated  by  events 
occuring  in  the  late  stages  of  collisional  cascades,  the  so-called 
"quasithermaT  or  ’thermal  spike*  stage.[l,2]  In  the  case  of  all  but 
the  very  low  Z  metals,  it  has  been  shown  that  ion  mixing  events 
take  place  predominantly  in  this  regime.  As  a  consequence,  it  has 
been  found  that  thermochemical  parameters  must  be  incorporated 
into  a  description  of  compositional  profiles  and  phase  equilibria  in 
ion  irradiated  materials.  Studies  of  ion  mixing  in  metal  bilayers 
have  led  to  the  development  of  a  phenomenological  model  of  ion 
mixing  which  incorporates  these  thermochemical  effects.  The 
model  has  been  tested  in  a  wide  variety  of  binary  metal  systems 
and  found  to  give  an  excellent  account  of  mixing  in  all  but  very 
low  Z  metals.  The  limits  of  validity  of  the  model  and  its 
extension  to  nonmetallic  systems  will  be  discussed. 

1.  W.L-  Johnson,  in  "Materials  Modification  by  High-  Fluence  Lon 
Beams*,  eds.  R.  Kelly  and  M.  Fernanda  da  Silva,  NATO  ASI 
series,  (Kluwer  Academic  Publishers,  Dordrect,  Boston.  London, 
1987),  p.  405. 

2.  Y.T.  Cheng,  W.L.  Johnson  and  M-A.  Nicolet,  Phys.  Rev.  Lett. 

Ji.  2083  (1987). 

A3. 3 

CRITICAL  TEMPERATURES  FOR  RADIATION  ENHANCED 
DIFFUSION  AND  EQUILIBRIUM  PHASE  FORMATION  DURING 
ION  BEAM  MIXING.  A.M.  Vrcdenberp.  R.  de  Reus,  A.C.  Voorrips, 
H.C.  Tissink  and  F.W.  Saris,  FOM-Institute  for  Atomic  and  Molecular 
Physics,  Kruislaan  407,1098  SJ  Amsterdam.  The  Netherlands. 

It  is  well  known  that  in  ion  mixing  two  different  temperature  regimes  are 
observed.  Up  to  a  critical  temperature,  Tc.  ion  mixing  is  almost 
temperature  independent  and  may  be  characterized  by  a  thermal  spike 
model.  For  many  systems  ion  mixing  in  this  temperature  regime  leads  to 
metastable  alloy  phases.  Above  T.  ion  mixing  becomes  radiation 
enhanced  and  may  be  characterized  by  a  thermally  activated  diffusion 
process.  Although  atomic  mobility  is  enhanced,  however,  equilibrium 
phases  do  not  necessarily  form  at  these  elevated  temperatures. 

In  this  paper  we  have  compared  Tc  with  the  formation  enthalpy  of  a  hole 
of  the  size  of  the  smaller  constituent.  A  clear  correlation  was  found, 
which  implies,  that  at  Tc  the  smaller  atom  becomes  (thermally)  mobile, 
leading  to  higher  mixing  rates,  but  not  necessarily  to  equilibrium  phases. 
For  equilibrium  phases  to  form,  mobility  of  both  constituents  is  required. 
Therefore,  Tx,  the  temperature  above  which  equilibrium  phases  will  result 
from  ion  mixing,  should  be  correlated  with  the  formation  enthalpy  of  a 
hole  of  the  size  of  the  larger  atom.  Thus,  for  every  system  a  temperature 
window  Tc  -  T,  can  be  calculated  from  the  hole  formation  enthalpies  of 
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the  constituents,  in  which  ion  induced  mixing  is  enhanced,  but  metastable 
phases  may  still  form. 

Experimental  support  for  the  correlation  between  Tx  and  the  larger-hole 
formation  enthalpy  was  found  by  determining  the  crystallization 
temperatures,  T,,  of  amorphous  Ta-Pd,  Ni-Zr,  Fe-Zr  and  Au-Zr  mixtures 
under  Xe  or  Ar  bombardment. 

A3. 4 

DIRECT  OBSERVATION  OF  INTERMIXING  IN  GaAs/AIAs 
MULTILAYERS  AFTER  VERY  LOW-DOSE  ION- 
IMPLANT ATION.  M  Bode  ,  A.  Ourmazd  and  J  Rentschler,  AT&T 
Bell  Labs,  Holmdel.  S'J  07733,  M.  Hong,  L.C.  Feldman  and  J  P. 
Mannaerts,  AT&T  Bell  Labs,  Murray  Hill,  NJ  07974. 


We  combine  chemical  lattice  imaging  and  digital  vector  pattern 
recognition  to  study,  quantitatively,  kinetic  intermixing  in  GaAs/AIAs 
multilayers.  We  thus  obtain,  with  atomic  plane  resolution  and  near- 
atomic  sensitivity,  composition  profiles  across  each  interface  of  the 
multilayer  stack  before  and  after  ion-implantadon.  Our  results  show 
significant  intermixing  even  when  only  one  320  keV  Ga*  ion  is 
implanted  at  77  K  into  each  2000  AJ  area  of  the  interface.  This 
corresponds  to  an  incident  ion  dose  of  5xl012/cmJ. 

The  intermixing  is  not  uniform  along  the  interface.  At  each  interface, 
we  observe  more  intensely  intermixed  regions,  whose  widths  correspond 
to  those  created  by  the  damage  track  of  a  single  implanted  ion,  as 
expected  from  Monte-Carlo  simulations.  It  thus  appears  that  we  can 
directly  image  intermixing  due  to  single  energetic  ions  implanted  into 
the  multilayered  GaAs/AIAs  structure. 

A3. 5 

A  STUDY  OF  THE  DOMINANT  MOVING  SPECIES  IN  ION 
BEAM  MIXING  I:  EFFECTS  OF  SAMPLE  GEOMETRY  AND 
ATOMIC  MASS.  G.  W,  Auner,*"  Y.-T.  Cheng,*'"  M.  H.  Alkisi," 
and  K.  R.  Padmanabhan" 

*  General  Motors  Research  Laboratories,  Warren,  Michigan  48090. 

"  Department  of  Physics  and  Astronomy,  Wayne  State  University, 
Detroit,  Michigan  48202. 

The  factors  determining  the  dominant  moving  species  in  ion 
mixing,  such  as  the  sample  geometry,  atomic  mass,  and  thermody¬ 
namic  parameters,  have  not  been  clarified.  In  order  to  identify  the 
effect  of  sample  geometry  and  atomic  mass  on  the  dominant  moving 
species  during  ion  beam  mixing,  bilayer  samples  with  zero  heats  of 
mixing  and  similar  cohesive  energies  were  investigated  using  imbed¬ 
ded  markers  and  Rutherford  backscattering  spectrometry.  Samples 
with  Hf  on  top  of  Zr  and  Zr  on  top  of  Hf  irradiated  with  150  keV  Kr 
ions  showed  a  small  preferential  inward  movement  of  the  top  layer 
species  with  respect  to  the  large  amount  of  total  mixing,  regardless 
of  species  mass.  This  indicates  that  the  dominant  moving  species 
in  ion  beam  mixing  is  the  result  of  a  non-isotropic  atomic  transport 
determined  by  sample  geometry  instead  of  atomic  mass. 

A3. 6 

RELATIONSHIPS  BETWEEN  COHESIVE  ENERGY,  DEBYE 
TEMPERATURE,  AND  THE  ONSET  OF  TEMPERATURE- 
DEPENDENT  ION  MIXING.  Y-T.  Chcnt.  General  Motors  Re¬ 
search  Laboratories,  Warren,  Michigan  48090-0055. 


and  thermal  spike  effects  dominate  “low”  temperature  ion  mix¬ 
ing,  where  ion  mixing  is  basically  temperature-independent.  On 
the  other  hand,  radiation-enhanced  diffusion  dominates  “high” 
temperature  ion  mixing,  where  an  Arrhenius- type  temperature 
dependence  is  usually  seen.  A  narrow  temperature  range  defines 
a  critical  temperature  Tc  which  separates  these  two  regions.  Two 
recently  proposed  relationships  for  the  critical  temperature  Tc  for 
the  onset  of  radiation-enhanced  diffusion  in  ion  mixing  are  exam¬ 
ined.  The  linear  relationship  between  Tc  and  the  cohesive  energy 
Ecak  is  shown  to  be  in  agreement  with  experiment,  while  the  re¬ 
lationship  between  Tc  and  the  Debye  temperature  ©o  is  not.  An 
unusual  behavior  of  decreasing  ion  mixing  rate  with  increasing 
temperature  is  also  discussed. 

A3. 7 

EFFECT  OF  CARBON  ON  ION  BEAM  MIXING  OF  FE-TI  BI¬ 
LAYERS,  J-P.  Hirvonen  and  M.  Nastasi,  Materials  Science 
and  Technology  Division,  Los  Alamos  National  Laboratory,  Los 
Alamos,  NM  87545 

Previous  studies  have  shown  that  the  mixing  rate  of  evapo¬ 
rated  carbon  with  iron  and  titanium  is  minimal  in  the  tem¬ 
perature  independent  regime.  In  addition,  in  the  nickel-sili¬ 
con  system,  a  thin  evaporated  carbon  layer  completely  pre¬ 
vented  mixing.  Both  of  these  results  are  at  least  in  qualitative 
agreement  with  the  thermodynamical  model  of  ion  beam  mix¬ 
ing.  However,  the  microscopic  mechanism  of  this  retarding  of 
mixing  is  not  understood. 

In  this  work  a  bilayer  Fe-Ti  structure  was  implanted  with  a 
trace  amount  of  13C.  The  implantation  energies  were  selected 
in  such  a  way  that  the  mean  range  of  carbon  ions  was  located 
either  in  the  iron  or  in  the  titanium  layer.  The  effect  of  this  im¬ 
planted  carbon  on  mixing  with  300  keV  Ar*  ions  was  studied 
in  the  temperature  range  from  0  to  300  C  using  Rutherford 
backscattering  spectroscopy  at  an  energy  of  5  MeV.  The  mea¬ 
surements  revealed  that  mixing  was  not  affected  by  carbon 
implanted  into  the  titanium  layer.  However,  carbon  in  the  iron 
layer  remarkably  retarded  mixing  at  all  temperatures  investi¬ 
gated.  Changes  in  carbon  concentration  profiles  were  probed 
utilizing  the  resonance  of  the  nuclear  reaction  13C(p,y)14N  at  a 
proton  energy  of  1.748  Mev.  The  results  will  be  discussed  in 
terms  of  the  mobility  of  carbon  as  well  as  the  defect-carbon  in¬ 
teraction  in  the  metals  involved. 

A3. 8 

i  HE  EFFECT  OF  SURFACE  COATING  ON  ION  BEAM 
DESORPTION  OF  HYDROGEN  FROM  TITANIUM.  Richard  E. 

Wi strom.  Peter  Borgesen,  and  Herbert  H.  Johnson, 
Materials  Science  and  Engineering,  Cornell  University, 
Ithaca,  NY  14853. 

Previous  investigations  reported  that  the  mixing  rate  of 
Fe/Ti  was  reduced  by  a  factor  of  7  if  the  sample  was 
charged  with  hydrogen.  The  mixing  rate  of  similar 
samples  of  Ni/Ti  was  only  reduced  by  a  factor  of  2. 
Hydrogen  was  lost  from  the  samples  during  mixing.  The 
hydrogen  loss  rate  was  significantly  greater  from  Ni/Ti 
than  from  Fe/Ti. 

Experiments  were  performed  to  determine  whether  the 
difference  in  mixing  rates  causes  the  difference  in 
hydrogen  loss  rates  or  vice  versa.  Ti  samples  were 
coated  with  either  Fe  or  Ni,  hydrogen  charged,  and 


The  mechanisms  of  ion  mixing  have  been  the  lubject  of  nu¬ 
merous  studies.  It  is  now  generally  accepted  that  collision  cascade 
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irradiated  with  ions  typically  used  for  mixing.  Hydrogen 
loss  was  measured  as  a  function  of  irradiation  fluence. 
Results  provide  an  important  clue  as  to  how  hydrogen 
reduces  mixing  rates. 

A3. 9 

ION-BEAM  MIXING  AND  TRIBOLOGY  OF  Fe/B  MULTI¬ 
LAYERS.*  RenYuan  Hu.  L.  E.  Rehn,  G.  R.  Fenske  and 
P.  M.  Baldo,  Argonne  National  Laboratory,  Argonne,  IL  60439 

Interdiffuaion  of  Fe  and  B  was  studied  during  1.5  MeV  Kr  ion 
bombardment.  The  square  of  the  interdifTusion  distance  dur¬ 
ing  mixing  at  573  K  was  found  to  depend  linearly  on  the 
irradiation  dose.  Arrhenius  behavior  with  an  apparent  activa¬ 
tion  enthalpy  of  0.7  eV  was  observed  between  475  and  770  K. 
Electron  microscopy  of  ion-beam  mixed  multilayer  specimens 
revealed  many  crystalline  iron-boride  compounds,  e.g.  Fe2B 
and  FesB,  and  an  amorphous  phase.  Substantially  improved 
adhesion  and  reduced  friction  were  observed  for  ion-beam 
mixed  Fe/B  multilayers  on  M50  steel  substrates. 

♦Work  supported  by  the  U.S.  Department  of  Energy,  Basic 
Energy  Sciences-Materials  Sciences  and  ECUT/Tribology 
Program  under  Contract  #W-31-109-ENG-38. 

A3. 10 

ION  BEAM  MIXING  OF  Sb  SCHOTTKY  CONTACTS  ON  n-Si. 
J.B.  Malherbe.  L.J.  Bredell,  K.P.  Weimer, 

G.  Myburg  and  E.  Friedland,  Department  of  Physics, 
University  of  Pretoria,  Pretoria,  0002,  South 
Africa. 

Thin  (100  nm]  antimony  Schottky  contacts  on  n-Si 
have  been  bombarded  with  100  and  120  keV  Si+  ions, 
with  doses  ranging  from  5  *10 11  to  1  *10llSi+  cm*!. 
The  extent  of  ion  beam  mixing  has  been  determined 
by  AES  depth  profiling  and  F.-S.  a-particle  chan¬ 
neling  has  been  employed  to  study  the  radiation 
damage  caused  by  the  bombarding  ions  in  the 
silicon  substrate.  The  ion  bombardment  had  a 
pronounced  effect  on  the  electrical  characteris¬ 
tics  of  the  Schottky  contacts.  Changes  in  the 
ideality  factor,  Schottky  barrier  height  and 
series  resistance  of  the  contacts  are  correlated 
to  the  AES,  RBS  and  channeling  results. 

A4.1 

ION-SOLID  INTERACTIONS  AS  VIEWED  BY  MOLECULAR 
DYNAMICS.  Barbara  1  Garrison,  Department  of  Chemistry,  The 
Pennsylvania  State  University,  University  Park,  PA  16802. 

A  microscopic  picture  of  the  ion-solid  interactions  as  determined  by 
molecular  dynamics  simulations  will  be  presented.  We  plan  to  discuss 
examples  from  simulations  on  silicon1'2  and  on  rhodium3.  In  the  case  of 
St  we  have  investigated  the  process  as  a  function  of  the  primary  panicle 
energy.  For  5-10  eV  Si  atom  bombardment  we  find  that  the  dimers  on 
the  Sill00)(2xl)  face  can  be  directly  opened  with  the  bombarding 
panicle  inserting  into  the  dimer  in  the  epitaxial  position.  As  the  energy 
increases  to  15-20  eV,  implantation  begins  to  occur.  For  keV  Ar 
bombardment  we  have  found  that  the  openness  of  the  crystal  controls 
many  aspects  of  the  ejection  process  including  the  depth  of  origin  and 
the  energy  distributions  of  the  ejected  species.  For  both  ejected  Si  and 
Rh  atoms,  the  original  crystal  structure  plays  a  dominant  role  in 
influencing  their  angular  distributions.  A  combined 

theoretical -experimental  approach  has  allowed  us  to  determine  the  site 
and  coverage  of  oxygen  on  Rh  {111}. 

1.  B.  J.  Garrison,  M.  T.  Miller  and  D.  W.  Brenner,  Chem.  Phys.  Lett. 
146  553  (1988) 


2.  R.  Smith,  D.  E.  Harrison,  Jr.  and  B.  J.  Garrison,  Phys.  Rev.  B  40, 
(July  1989). 

3.  C.  T.  Reimann,  M.  El-Maazawi,  K.  Walzl,  B.  J.  Garrison,  N. 
Winograd  and  D.  M.  Deaven,  J.  Chem.  Phys.  90  2027  (1989). 

A4.2 

COMPUTER  SIMULATION  OF  IMPURITY  SEGREGATION  AT  A 
RAPIDLY  MOVING  SOLID-LIQUID  INTERFACE.  Stephen  J.  Cook 
and  Paulette  Clancv.  Chemical  Engineering  Department,  Cornell 
University,  Ithaca,  NY  14853. 

A  recently  developed  Non-Equilibrium  Molecular  Dynamics  simulation 
method*  has  been  used  to  study  the  thermodynamic  and  kinetic 
properties  for  alloyed  materials  undergoing  rapid  melting  and 
subsequent  resolidification,  as  occurs  for  example  in  laser  annealing. 
Results  will  be  presented  for  Lennard-Jones  and  Stillinger- Weber 
models  of  "alloys",  Ax  B,.x,  as  paradigms  of  metal  alloys  and 
semiconductor  alloys  respectively.  The  two  models  exhibit  strikingly 
different  interface  morphologies  and  hence  form  an  interesting 
comparison.  The  effect  of  size  differences  between  the  solute  B  and 
substrate  A  atoms  are  studied  for  both  the  Lennard-Jones  and  Stillinger- 
Weber  materials,  as  size  is  believed  to  play  an  imponant  role  in  the 
enhanced  partitioning  of  solute  atoms  at  a  rapidly  moving  interface,  ie 
"solute  trapping".  Properties  studied  include  calculations  of  the  non¬ 
equilibrium  segregation  coefficient,  k\  and  the  interface  position, 
velocity  and  temperature  as  a  function  of  time.  A  computer  graphics 
analysis  highlights  the  nature  of  the  interface  morphology,  the  presence 
of  defects  and  the  occurrence  of  surface  disorder. 


1 .  D.K.  Chokappa,  S.J.  Cook  and  P.  Clancy,  Phys.  Rev.  B.,  42. 

May  15  issue  (1989). 

A4.3 

MOLECULAR  DYNAMICS  SIMULATIONS  OF  LOW-ENERGY 
ION/SURFACE  INTERACTIONS  DURING  VAPOR  PHASE 
CRYSTAL  GROWTH:  10  eV  Si  INCIDENT  ON  Si(001)2xl. 
M.  Kitabatake.  P.  Fons  and  J.  E.  Greene,  CSL,  University  of  Illinois, 
1 101  W.  Springfield,  Urbana,  IL61801. 

Low-energy  ion-irradiation  is  commonly  used  for  modifying  film 
microstructure  and  micTochemistry  during  film  growth  by  a  variety  of 
techniques  including  sputter  deposition,  plasma-assisted  CVD,  and 
MBE.  We  have  used  molecular  dynamics  simulations  to  investigate 
atomic-level  phenomena  associated  with  low-energy  ion/surface 
interactions.  In  this  paper,  we  present  results  for  10  eV  Si  ions 
incident  on  reconstructed  Si(001)2xl  surfaces.  Calculation  of  the 
positions  and  velocities  of  all  atoms  in  the  computational  cell  (up  to 
1000  atoms)  were  carried  out  using  the  many-body  Tersoff  potential 
for  time  steps  of  1  femtosecond  out  to  0.8  picoseconds  at  which  time 
all  violent  effects  (collision  cascade)  subsided.  Using  the  Tersoff 
potential,  the  (2x1)  surface  reconstruction  was  found  to  be  stable 
with  an  energy  gain  of  -0.61  eV  per  surface  atom  compared  to  the 
unreconstructed  (lxl)  surface.  The  sound  velocity  calculated  by 
kinetic  energy  transfer  in  the  z-direction  was  80  A/ps  in  good 
agreement  with  experimental  data.  10  eV  Si  irradiation  was 
sufficient  to  open  surface  dimers  and  result  in  an  average  maximum 
penetration  depth,  for  normally  incident  ions,  of  0.88  A  (72%  of  the 
distance  from  the  surface  to  the  2nd  layer).  The  number  of  defects 
produced  per  incident  ion  at  0  K  was  -0.8.  The  nature  of  these 
defects  (primarily  split  interstitials,  hexagonal  interstitials,  and 
broken  dimers)  and  their  annealing  characteristics  as  a  function  of 
temperature  were  investigated.  No  vacancies  were  observed, 
consistent  with  a  Si  atom  displacement  energy  of  13-17  eV.  Finally, 
ion-irradiation-induced  epitaxial  growth  was  observed  when  the 
incident  ion  interacted  strongly  with  surface  dimers. 
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A4.4 

MOLECULAR  DYNAMICS  STUDY  OF  THE  AMORPI ilZATION  OF  CuTi. 
Michael  J.  Sabochick,  Dept,  of  Engineering  Physics,  Air  Force  Institute  of 
Technology,  Wright  Patterson  AFB,  OH  45433;  Nghi  Q.  Lam,  Materials  Sci¬ 
ence  Division,  Argonne  Notional  Laboratory,  Argonne,  IL  60439. 

It  is  well  known  that  many  alloys  can  be  amorphized  with  electron  and/or  ion 
irradiation.  Experiments  on  a  variety  of  alloys  have  resulted  in  some  generali¬ 
zations  about  the  phenomenon.  For  example,  amorphization  takes  place  at 
temperatures  that  are  too  low  for  long-range  diffusion  to  occur;  the  onset  of 
amorphization  coincides  with  a  volume  expansion  <4*  a  few  percent;  and  alloys 
which  do  become  amorphous  obey  certain  laws  regarding  composition,  struc¬ 
ture,  and  the  relationship  between  the  components  in  the  periodic  table. 
Nevertheless,  the  fundamental  cause  of  amorphization,  whether  it  is  due  to 
chemical  disordering  or  the  introduction  of  lattice  lattice  defects,  is  still  not 
understood. 

The  purpose  of  the  present  work  was  to  investigate  this  question  by  simulat¬ 
ing  the  amorphization  of  a  gamma-phase  CuTi  compound  on  the  computer. 
An  interatomic  potential  for  this  phase  was  developed  using  the  embedded- 
atom  method,  and  the  heat  of  solution,  density,  and  structure  of  the  phase 
were  reproduced  within  less  than  one  percent.  Two  different  approaches  to 
amorphization  were  tried:  one  in  which  Cu  and  Ti  atoms  were  randomly 
exchanged,  and  another  in  which  Frenkel  pairs  were  introduced  at  random. 
As  atoms  were  exchanged  with  the  first  approach,  many  of  the  sharp  peaks  in 
the  radial  distribution  fuction  (RDF)  were  reduced,  and  some  disappeared. 
Nevertheless,  the  RDF  retained  many  peaks,  suggesting  that  the  alloy  was 
chemically  disordered  but  not  amorphized.  With  sufficient  numbers  of  lattice 
defects  introduced  with  the  second  approach,  the  system  experienced  a  volume 
expansion  of  about  2.3%,  and  an  increase  in  potential  energy  of  about  0.07  eV 
per  atom.  At  about  0.2  dpa,  the  RDF  lost  almost  all  structure  beyond  the 
first  nearest  neighbor,  indicating  that  the  alloy  had  become  amorphous,  in 
agreement  with  experiment.  Based  on  these  results,  the  relative  significance  of 
chemical  disordering  versus  the  introduction  of  lattice  defects  in  causing 
amorphization  in  alloys  will  be  discussed. 

A4.5 

MOLECULAR  DYNAMICS  SIMULATIONS  OF  THE 
DISORDER  FORMED  IN  SILICON  BY  HIGH-ENERGY 
ELECTRONS.  A.M.Mazzone  C-N.R.-Istituto  LAMEL,  Via 
de’  Caatagnoli  1  -  40126  Bologna,  Italy. 


Electron-phonon  coupling  ia  a  point  of  major  interest  in 
many  relaxation  processes  such,  for  instance,  are  the  ones 
following  high-energy  implants  or  the  passage  of  fission 
fragments. 

In  this  work  we  present  a  molecular-dynamics  simulation  of 
the  disorder  generated  in  a  silicon  lattice  by  the  passage  of 
electrons  with  an  energy  well  above  the  Fermi  sea.  The 
electrons  are  injected  into  the  lattice  at  a  given  time  and 
the  lattice  evolution  is  followed  for  times  corresponding  to 
typical  phonon  frequencies.  The  energy  losses  of  the 
incoming  elections  are  accounted  for  by  using  a  dielectric 
formulation.  The  interaction  between  these  electrons  and 
lattice  atoms  and  the  coupling  between  the  lattice  atoms 
are  described  by  suitable  interatomic  potentials. 

The  work  analyzes  the  influence  on  the  lattice  disordering 
of  the  various  physical  parameters  of  the  process. 

A4.6 

SUPEIUIEATING  AND  SUPERCOOLING  OF  LEAD  INCLU¬ 
SIONS  IN  ALUMINIUM.  E.  Johnson1.  L.  Grabaek*,  J.  Bohr’,  A. 
Johansen1,  L.  Sarholt-Kristensen1  and  H.H.  Andersen1.  ‘Physics 
Laboratory,  University  of  Copenhagen,  Denmark,  JRIS0  National 
Laboratory,  4000  Roskilde,  Denmark. 

Ion  implantation  at  room  temperature  of  lead  into  aluminium  leads 
to  spontaneous  phase  separation  and  formation  of  lead  precipitates 
growing  epitaxially  with  the  matrix.  Unlike  the  highly  pressurised 
solid  noble  gas  inclusions,  the  pressure  in  the  lead  precipitates  is 
indistinguishable  from  ambient. 

Small  implantation-induced  lead  precipitates  embedded  in  an  alu- 
minium  matrix  were  studied  by  X-ray  diffraction.  The  (111)  Bragg 


peak  originating  from  the  lead  crystals  was  followed  during  4  tem¬ 
perature  cycles,  from  room  temperature  to  678  K.  The  melting 
temperature  for  bulk  lead  is  601  K.  In  the  first  heating  cycle  we 
found  a  superheating  of  the  lead  precipitates  of  47  K  before  melt¬ 
ing  occurred.  During  subsequent  cooling  a  supercooling  of  24  K 
below  the  solidification  point  of  bulk  lead  was  observed.  In  the 
subsequent  heating  cycles  this  hysteresis  at  the  melting  transition 
was  reproducable.  The  full  width  of  the  hysteresis  loop  slowly  de¬ 
creased  to  51  K  while  the  mean  size  of  the  inclusions  gradually 
increased  from  14.3  nm  to  23.0  nm.  The  phenomena  of  super¬ 
heating  and  supercooling  are  thus  most  pronounced  for  the  small 
crystallites.  The  persistence  of  the  hysteresis  loop  over  successive 
heating  cycles  demonstrate  that  its  physical  existence  is  genuine, 
and  it  is  believed  that  it  originates  from  the  lack  of  free  surfaces  of 
the  lead  inclusions. 

A4.7 

THERMAL  ANNEALING  OF  SOLID  Kr  PRECIPITATES  IN 
Ni.  R.  C.  Birtcher.  J.  Rest  and  D.  S.  Bergstrom,  Argonne 
National  Laboratory,  Argonne,  IL  60439 

After  implantation  into  Ni  at  room  temperature,  Kr  condenses 
within  small  cavities  as  an  fee  solid  aligned  with  the  Ni  lattice. 
Evolution  of  these  precipitates  during  subsequent  thermal 
annealing  to  temperatures  above  500°C  has  been  followed  with 
transmission  electron  microscopy.  The  results  will  be  con¬ 
trasted  with  precipitates  produced  by  implantation  at  500°C. 

When  Kr  is  implanted  into  Ni  at  50C°C,  the  precipitate  size 
distribution  is  bimodal.  The  small  precipitates  are  solid  Kr 
and  the  large  ones  are  faceted  and  nonsolid.  Modelling  with 
rate  theory  Buggest  that  during  the  implantation  solid  Kr 
precipitates  are  immobile  while  nonsolid  precipitates  migrate 
by  surface  diffusion. 

Room  temperature  implantation  results  in  small  solid  Kr 
precipitates.  Annealing  to  temperatures  below  400°C  after 
room  temperature  implantation  produces  a  small  upward 
shift  in  the  monomodal  size  distribution  and  a  decrease  in  the 
average,  solid  Kr  density  within  the  precipitates.  Annealing 
above  500°C  leads  to  precipitate  coalescence  that  eliminates  all 
small  precipitates  and  results  in  large  faceted  cavities.  The 
behavior  of  Kr  atoms  and  precipitates  during  precipitation  and 
annealing  will  be  discussed  on  the  busiB  of  results  from  rate 
theory  modelling. 

•Work  supported  by  U.S.  DOE,  Basic  Energy  Sciences- 
Materials  Sciences  under  Contract  #W-31-109-ENG-38. 

A5.1 

FABRICATION  OF  CRYSTALLINE-AMORPHOUS 
SUPERLATT1CES  BY  DIFFERENTIAL  ION-BEAM  DAMAGE. 
J.  M.  Potte  D.  J.  Eagleshem,  D.  C.  Jacobson,  M.  Cenillo,  L.  N.  Pfeiffer. 

and  K.  W.  West,  AT&T  Bell  Laboratories,  Murray  Hill,  NJ. 

1 

A  study  is  presented  of  the  build-up  of  ion-beam  damage  in  multilayers 
and  superlattices  of  elemental  and  compound  semiconductors.  MBE- 
grown  superlattices  of  GeSi-Si  and  GaAs-AlAs  ate  implanted  with  MeV 
ions  and  the  build-up  of  damage  is  studied  using  a  combination  of  RBS 
and  channeling  and  TEM.  The  appearance  of  defects  and  amorphous 
regions  in  these  layers  is  studied  as  a  function  of  dose,  implantation 
temperature,  implanted  species  and  layer  compositions.  It  is  shown  that, 
where  there  is  t  significant  difference  in  the  damage  rates  for  two 
materials,  damage  can  be  located  almost  entirely  within  the  faster- 
damaging  layer  (i.e.  damage  occurs  in  GaAs  and  GeSi,  respectively).  In 
the  case  of  GeSi-Si  superlattices,  damage  is  distributed  evenly  across  • 
single  layer,  with  no  visible  proximity  effects  at  the  interfaces.  In 
GaAs-AlAs  superlattices,  on  the  other  hand,  damage  is  initiated  at  die 
center  of  the  GaAs  layers,  and  regions  near  the  beterointerfaces  require 
doses  up  to  an  older  of  magnitude.  higher  to  produce  equivalent  damage. 
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The  distinction  between  these  two  systems  is  discussed  in  terms  of  the 
processes  and  migrating  species  involved  in  the  build-up  of 
finally,  we  show  that  for  both  GeSi-Si  and  GaAs-AlAs  it  is  possible  to 
create  an  amorphous-crystalline  superlattice  before  the  onset  of 
significant  damage  in  the  slower-damaging  layer. 

A5.2 

INTERNAL  BLACKBODY  EMISSION  INTERFEROMETRY  FOR 
MEASUREMENT  OF  CRYSTALLIZATION  KINETICS  AND 
OPTICAL  PROPERTIES  OF  THIN  FILMS.  LA.  Roth  and  G.L. 
Olson.  Hughes  Research  Laboratories,  Malibu,  CA. 


The  spectral  emissivity  of  a  semi-transparent  thin  film  on  a  heated 
substrate  varies  with  film  thickness  due  to  optical  interference  within  the 
layer.  This  leads  to  oscillations  in  the  emitted  blackbody  radiation 
intensity  when  the  film  thickness  changes  with  time.  Analysis  of  the 
time  dependent  change  in  emission  intensity  can  be  used  to  accurately 
determine  the  solid  phase  crystallization  rate  of  an  amorphous  thin  film 
or  to  obtain  the  growth  rate  of  a  film  during  vacuum  deposition.  In 
addition,  since  the  blackbody  emission  spans  a  wide  spectral  range,  the 
wavelength  dependence  of  the  emission  can  be  used  to  obtain  the 
absorption  coefficient  and  index  of  refraction  of  an  amorphous  layer  as  a 
function  of  wavelength  and  temperature.  In  this  paper  we  show  how 
internal  blackbody  interferometry  has  been  used  to  measure  the 
crystallization  kinetics  and  infrared  optical  properties  of  ion-implanted 
amorphous  silicon  and  amorphous  germanium  thin  films  on  crystalline 
substrates.  A  comparison  of  the  blackbody  emission  interferometry  data 
with  time-resolved  reflectivity  measurements  at  0.6328  pm  and  1.15  pm 
shows  that  the  blackbody  emission  results  can  be  understood  in  terms  of 
a  straightforward  optical  model. 

A5.3 

TRANSITION  RADIATION  FOR  SURFACE  ANALYSIS. 
John  M.  Macaulay  and  Julius  J.  Muray,  SRI  International, 
333  Ravenswood  Ave„  Menlo  Park,  CA  94025 

The  electron  beam  -  material  interaction  gives  rise  to  secondary  electrons, 
backscatiered  electrons,  cathodoluminescence,  etc.,  all  of  which  are  used 
for  analytical  purposes.  The  interaction  also  produces  transition  radiation  — 
dipole  radiation  produced  by  the  movement  of  an  energetic  charged  particle 
across  an  interface  between  two  dielectrics  (see,  for  example,  M.  L.  Ter- 
Mikaelian  1972f  for  a  full  discussion).  This  paper  reports  on  our 
investigation  of  the  use  of  transition  radiation,  at  optical  wavelengths,  for 
surface  analysis. 

We  have  used  election  beams  with  energies  up  to  100  keV  to  produce 
transition  radiation  from  metals,  doped  and  undoped  semiconductors,  and 
insulators.  The  radiation  is  passed  through  a  polarizer  and  a  spectrometer  — 
allowing  a  suitable  spectral  range  to  be  determined  for  collecting  transition 
radiation,  in  which  luminescence,  etc.  is  not  observed.  The  low  light  levels, 
typical  of  transition  radiation  produced  under  these  conditions,  require  the 
use  of  a  single  photon  counting  photomultiplier  tube.  The  spectra  are  stored 
on  a  computer  disk. 

Theoretical  transition  radiation  spectra  are  calculated,  using  published 
dielectric  data,  and  arc  compared  with  the  experimental  spectra. 

Experimental  data  from  nanometer  -  thick  surface  layers  and  ion  beam 
modified  surfaces  are  presented  and  discussed.  The  depth  and  lateral 
resolutions  of  the  technique  are  considered. 

t  M.  L.  Ter-Mikaelian  High-Energy  Electromagnetic  Processes  in 
Condensed  Media'  1972  (Wiley  -  Interscience  :  New  York) 

A5.4 

STM  INVESTIGATIONS  OF  GRAPHITE  SURFACES 
PREPARED  BY  6  keV  At*  ION  BOMBARDMENT.  Elliott 
A.  Eklund  ,  UCLA  Dept,  of  Physics  and  Solid  State  Science 
Center,  Lot  Angeles,  CA;  Erie  J.  Snyder  and  R.  Stanley 
Williams,  UCLA  Dept,  of  Chemistry,  Los  Angeles,  CA. 

The  processes  of  ion  beam  sputter  deposition  and  sputter 
etching  are  used  quite  extensively  in  thin  film  growth  and 
surface  analysis.  Despits  incrsasing  interest  in  this  ares. 


the  basic  physics  of  these  processes  is  still  rather  poorly 
understood. 

In  this  study,  the  STM  has  been  used  to  investigate  surfaces 
of  graphite  prepared  by  5  keV  At*  ion  bombardment. 
Several  different  surfaces  have  been  prepared  with 
sputtering  rates  from  2.4  x  1013  ions/cm2-sec.  to  8.9  x  10u 
ions/cm2-sec.  while  keeping  the  total  dose  of  ions  constant. 
STM  images  were  taken  in  the  constant  height  mode  both 
before  and  after  the  sputter  etching.  The  images  of  the  ion 
bombarded  graphite  samples  show  a  definite  dependence  of 
surface  roughness  on  the  rate  of  ion  beam  etching. 

In  addition,  several  images  of  different  scale,  ranging  from 
25A  x  25A  to  500A  x  500A,  were  taken  for  each  sputtering 
rate  used.  This  series  of  images  shows  that  the  surfaces 
produced  have  a  self-similar  or  fractal  nature.  It  is  believed 
that  results  obtained  with  sputter  etching,  while  important 
in  themselves,  also  provide  direct  insight  into  the 
topography  of  surfaces  that  can  be  produced  by  ion  beam 
sputter  deposition.  It  is  now  clear  that  the  sputtering  rate 
plays  a  crucial  role  for  both  processes. 

A6.1 

GRAIN  GROWTH  AND  PHASE  FORMATION  IN  ION 
IRRADIATED/ANNEALED  THIN  NI-AL  ALLOY  FILMS.  Dale 
E.  Alexander  and  Gary  S.  Was,  University  of 
Michigan,  Ann  Arbor,  MI,  48109;  and  Lynn  Rehn, 
Argonne  National  Laboratory,  Argonne,  IL,  60439,. 

Ion  irradiation  and  anneal  studies  have  been 
performed  on  Ni,  Ni-20  at . %A1  multilayers  and  Ni- 
20  at . %Al  co-evaporated  thin  films.  Ni*-  Kr*  and 
Xe*  ions  were  used  to  irradiate  the  films  and 
homogenize  the  multilayers  at  room  temperature. 
Irradiation  of  the  alloy  films  resulted  in  the 
formation  of  a  metastable,  supersaturated  solid 
solution  of  gamma  phase  and  an  HCP  phase.  Ion 
induced  grain  growth  was  observed  and  followed  a 
power  law  dependence  with  dose.  The  presence  of 
A1  enhanced  grain  growth  in  alloy  films.  A  factor 
of  2  greater  grain  growth  was  observed  in  Ni-Al 
multilayers  compared  with  co-evaporated  films 
irradiated  to  the  same  dose  with  the  same  ion 
species.  Post  irradiation  annealing  of  the  ion 
beam  mixed  samples  at  450°C  for  1  hour  resulted  in 
the  formation  of  a  dual  phase  gamma-gamma  prime 
structure  in  which  distinct,  approximately  equal 
size  grains  of  both  phases  were  identified.  In 
order  to  understand  the  mechanism  of  the  dual 
phase  formation  from  a  supposed  compositionally 
homogenous  film,  a  careful  STEM  characterization 
of  the  microstructure  was  undertaken  following 
irradiation,  both  during  and  after  annealing. 
CBED  and  ultra-fine  probe  EDS  analyses  were  used 
to  analyze  the  structure  and  composition  of 

individual  grains  within  the  microstructure. _ 

*  This  work  supported  under  NSF  grant  DMR-8603174 
and  under  DOE  contract  W-31-109-ENG-38 . 

A6.2 

CESSATION  AT  HIGH  TFMPERA1URE  OF  RADIATION  INDUCED 
DIFFUSION:  THE  POLE  OF  DEFECT  OCMPIEX  FORMATION. 

T.D.  Andreadis  and  Mervine  Rosen,  Naval  Research  Laboratory, 
Washington  DC,  20375-5000. 

Recant  work  involving  the  ion  bombardment  of  multi¬ 
layer  NiAg  indicates  that  radiation  induced  diffusion  of  A g 
nausea  when  the  tenperature  is  increased  from  room 
tenperature  to  100*  C  .  It  has  bean  speculated  that  this 
behavior  is  brought  about  by  the  dissociation  at  the  higher 
tenperature  of  a  defect  complex  containing  Ag  which  is 
responsible  for  the  migration  of  Ag.  Binding,  formation, 
and  migration  energies  of  defects  and  ccnplsoces  are 
oal  culeted  using  Bdoaddad  Atom  Potentials  in  Molecular 
Statics  calculations.  We  investigate  the  diffusion  of  such 
dsfect  ocnplexee  as  a  function  of  temperature. 


23 


A6.3 


VOID  DENSITY  REDUCTION  DURING  ION  ASSISTED  DEPOSITION. 

T.D.  Artdreadis.  R.H.  Bassel,  Mervine  Rosen,  and  J.A. 

Sprague,  Naval  Research  Laboratory,  Washington,  DC,  20375- 
5000. 

Carputer  simulations  were  used  to  examine  the  reduction 
of  voids  by  thermal  diffusion  and  athermal  collision  cascade 
mechanisms  taking  place  during  the  Ion  Beam  Assisted 
Deposition  (IBAD)  of  Ge  films.  Reduction  of  void  density  is 
of  interest  since  it  is  acccrpanied  by  strengthened 
attachment  of  the  deposited  film  to  the  substrate  belcw. 

Void  reduction  may  be  accomplished  by  the  trapping  of 
collision  cascade  atoms  in  the  void. 

Simulations  were  made  using  the  collision  cascade  code 
MARLOWE  with  realistic  void  size  distributions  to  examine 
the  reduction  of  void  sizes  solely  due  to  the  collision 
cascade  and  athermal  vacancy- interstitial  annihilations. 

The  diffusion  of  residual  interstitials  and  vacancies  have 
been  investigated. 

A6.4 

STUDIES  ON  ION  SCATTERING  AND  SPUTTERING  PROCESSES 
RELEVANT  TO  ION  BEAM  SPUTTER-DEPOSITION  OF  MULTICOMEQNENI 
THIN  FILMS:  O.  Aiit-tcllo.1 --M.S.  Ameen,1  A.  R.  Krauss,3  and  A.  1.  Kingon.1 
( 1  (North  Carolina  State  University,  Department  of  Materials  Science.  Raleigh,  NC 
27065-7907.  (2)  Microelectronics  Center  North  Carolina,  RTP,  NC  27709-2889.  (3) 
Argonnc  National  Laboratory.  Chemistry  Division,  Argonne.il  60439. 

Several  groups  are  now  using  high  current  (20-100  ma)/  low  energy  (1000-2000 
eVl  ion  beams  to  deposit  high  Tc  superconducting  films  by  ion  beam-induced 
sputtering  of  either  bulk  superconductor  (i.  e..  YBa^  CujO^_g  )  or  elemental  (Y,  Ba. 
Cu,  etc.)  targets.  This  technique  is  also  being  used  for  deposition  of  ferroelectric  and 
optoelectronic  (KNbOi  for  examp  lihin  films.  We  are  using  a  novel  computer- 
controlled  ion  beam/rotatable  tage  holder  sputter-deposition  technique,  which 
involves  sequential  irradiation  of  elemental  materials  or  their  oxides.  However,  little 
information  is  available  on  basic  ion  scattering  and  sputtering  processes  occurring 
during  deposition  and  their  influence  on  film  characteristics  at  these  beam  energies  and 
ion  fluxes.  As  ,.an  of  our  extensive  research  program  on  thin  films  related  to 
materials  menuoned  above,  we  have  performed  computer  modelling  and  made 
experimental  measurements  on  sputtering  and  ion  scattering  using  A r+,  Kr+,  and  Xe+ 
ion  beams  on  Y.  Ba,  Cu.  KO2.  Nl^C^iargeis.  The  beam  energy  was  varied  from  1000- 
2000  eV  and  the  angle  of  incidence  was  either  45°  or  0°  with  respect  to  the  target 
normal. 

The  data  shows  that,  for  45°  ion  incidence  on  the  target,  significant  gas 
incorporation  and  resputtenng  of  the  deposited  film  due  to  ion  scattering  occurs  at  the 
specular  position,  and  substantially  decreases  towards  the  surface  normal.  The  result 
is  dependent  on  the  mass  of  the  incident  ion  and  target  atom,  with  Ar  on  Ba  showing 
the  most  pronounced  effects.  The  ton  scattering  effects  were  seen  to  diminish  at 
normal  incidence  for  all  lon/target  combinations.  The  sputtering  yield  is  larger  for 
polar  angles  in  the  range  of  specular  refiecuon  up  to  and  including  the  surface  normal 
for  45°  bombardment. 

The  results  above,  coupled  with  measurements  of  the  spatial  distributions  of 
sputtered  species,  have  been  used  10  determine  the  optimum  deposiuon  geometry  and 
beam  characteristics  for  ion  beam  sputter-deposition  of  high  Tc  superconducting  and 
optoelectronic  films. 


sputtering  yield  for  surface  impurities  such  as  oxygen,  carbon, 
and  hydrogen  by  the  incident  metal  ions  is  also  studied.  For  a 
fixed  density  of  impurities  (oxygen  and  hydrocarbon)  sitting  on 
the  surface>  Ibe  minimum  ion/atom  ratio  required  10  remove 
them  is  plotted  as  a  function  of  the  ion  energy.  Impurity 
removal  at  the  growing  surface  during  deposition  is  crucial  in 
controlling  the  orientation  and  epitaxy  of  the  films. 

A6.6 

ELECTRON  BEAM  INDUCED  HOLE-DRILLING  AND  LITHOGRAPHY 
ON  A  NANOMETRE  SCALE  IN  Al,  MgO  AND  a-AIFy  IN  A  STEM. 
Tim  J.  Biillnngh.  Colin  J.  Humphreys  and  Robert  W.  Devenish,  Department 
of  Materials  Science  and  Engineering,  University  of  Liverpool,  Liverpool 
L69  3BX,  England. 

A  wide  variety  of  materials  including  metals,  alloys,  semiconductors  and 
ionic  inorganic  thin  films  which  are  inert  under  the  electron  beam  in  a 
conventional  transmission  electron  microscope  have  been  found  to  become 
damaged  and/or  "drill"  under  the  high  current  density  focused  electron 
probe  in  a  dedicated  scanning  transmission  electron  microscope  operating  at 
100  kV.  Typically,  holes  1-5  nm  in  diameter  can  be  formed  in  crystals 
many  tens  of  nanometres  in  thickness.  Controlled  movement  of  the  electron 
beam  can  produce  features  analogous  to  conventional  lithographic  structures 
but  on  a  nanometre  scale.  Results  of  hole  drilling  experiments  on  Al,  MgO 
and  a-AlFj  will  be  presented  and  possible  mechanisms  discussed. 

In  Ai,  holes  -5  nm  in  diameter  initially  form  at  the  electron  entrance  surface, 
growing  towards  the  electron  exit  surface  with  a  row  of  dislocation  loops 
distributed  along  the  electron  beam  path.  In  contrast,  facetted  square  cross- 
section  holes  in  MgO  grow  in  from  the  electron  exit  surface.  Surfaces  of 
MgO  crystals  can  be  atomically  reconstructed  and  smoothed  by  scanning  of 
the  electron  beam. 

Holes  form  in  a  few  milliseconds  under  the  electron  beam  in  many  ionic 
inorganic  evaporated  thin  films  such  as  a-AlFj.  By  careful  analysis  of  X- 
ray  spectra  acquired  during  hole  drilling,  coupled  with  computer  control  of 
the  electron  beam,  it  has  been  possible  to  obtain  an  insight  into  the 
mechanisms  responsible  for  hole  formation  in  such  materials. 

A6.7 

THERMAL  ANNEALING  INVESTIGATION  OF  THE 
OPTICAL  PROPERTIES  OF  B]„XN*  FILMS  FABRICATED 
BY  ION  BEAM  ASSISTED  DEPOSITION.  C-  A,  Carosdla, 

E.  P.  Donovan  and  G.  K.  Hubler;  Naval  Research  Laboratory, 
Washington ,  DC  20375-5000 

The  annealing  behavior  of  the  optical  properties  of  boron 
nitride  films  (Bi-XNX)  is  described  for  films  fabricated  by  ion 
beam  assisted  deposition.  The  data  are  needed  for  the  precise 
fabrication  of  coatings  for  optical  components,  such  as 
antireflecting  coatings. 


A6.5 

INTERACTIONS  OF  LOW-ENERGY  METAL  IONS  WITH  SURFACES. 
P  Bui.  Ch.  Steinbruchel,  and  T -M.  Lu.  Center  for  Integrated 
Electronics.  Rensselaer  Polytechnic  Institute.  Troy,  NY  12180. 

Recently,  a  growing  number  of  techniques  have  employed 
self-ions  i  e  .  the  10ns  derived  from  the  deposition  materials 

themself.'  to  concurrently  bombard  the  surface  during  thin  film 
growth  in  order  to  modify  the  film  properties  such  as  adhesion, 
impurity  content,  orientation,  and  epitaxy.  The  lon/atom  ratio 
used  in  these  techniques  ranges  from  less  than  one  percent  to 
one  hundred  percent  with  the  ion  energy  varying  between  a 
few  eV  and  several  keV.  In  thit  paper,  we  calculate  the  energy 
dependence  of  the  aelf  apuuering  yield  for  meiali  based  on  a 
modified  Sigmund  linear  cascade  model.  The  results  are 

compared  to  the  existing  experimental  data  and  the  results 
obtained  from  a  Monte  Carlo  computer  calculation  (TRIM)  on 
the  self  sputtering  of  carbon  and  copper.  When  the  sell 

sputtering  yield  is  bigger  than  one.  for  a  given  ion  energy 
there  exists  a  critical  ion/atom  ratio  above  which  there  is  no 
net  deposition.  The  critical  ion/atom  ratio  is  plotted  as  a 
function  of  the  ion  energy  for  different  materials.  The 


Amorphous  samples  of  boron  nitride  are  deposited  on  silicon 
substrates.  Spectra  are  taken  from  400  to  25000  nm.  and  fits 
to  the  interference  patterns  are  used  to  find  index  of  refraction 
vs  wavelength  as  a  function  of  film  nitrogen  content.  Changes 
in  shapes  of  absorption  bands  at  7300  and  13300  nm, 
corresponding  to  BN  vibrations,  are  monitored  to  indicate  the 
onset  of  crystallization.  Nitrogen  atom  fraction  was  varied 
from  0.2  to  0.5  by  variation  of  the  incident  relative  fluxes  of 
nitrogen  ion  beam  current  to  evaporant  boron  flux.  The  films 
were  annealed  in  argon  at  500  C,  700  C,  900  C  and  1 100  C 
and  the  measurements  repeated.  The  systematic  shifts  in  index 
of  refraction  with  annealing  temperature  are  described. 
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A6.8 

MECHANISM  OF  ION-INDUCED  SOLID-PHASE  EPITAXIAL 
GROWTH.  T.K.  Chaki.  Department  of  Mechanical 
and  Aerospace  Engineering.  State  University  of 
New  York.  Buffalo,  N.Y.  14260 

A  model  is  proposed  to  explain  ion-induced 
solid  phase  epitaxial  growth  (SPEG).  The 
crystallization  is  by  the  adjustment  of  atomic 
positions  in  the  vicinity  of  the 
crystalline/amorphous  interface  due  to  self 
diffusion  in  amorphous  solid.  The  driving 
energy  of  SPEG  is  the  difference  in  free 
energies  between  the  amorphous  and  crystalline 
solids.  Irradiation  increases  the  self 
diffusivity  of  the  amorphous  solid  by 
generating  point  defects  in  the  amorphous  solid 
and  thus  enhances  the  crystallization.  An 
expression  for  the  velocity  of  epitaxial  growth 
is  derived.  The  model  explains  numerous 
experimental  facts  and  at  the  limit  of  no 
irradiation,  also  gives  a  correct  model  of 
thermal  solid  phase  epitaxial  growth. 

A6.9 

STUDY  OF  THE  ANODIC  OXIDATION  ON  TI  AND  TA6 V 
BY  ION- IMPLANTED  XE  IONS  MARKERS  AND  O1* 
TRAC1NG  TECHNIQUES.  Author  Heming  Chen. 
Mingjiang  Dai,  Xinde  Bai,  Wangpei  Li, 
Department  of  Material  Science  and 
Engineering,  Tsinghua  University,  Beijing, 
China . 

One  Ion-Implanted  Xe  ions  marker  and  two  Ion- 
Implanted  Xe  ions  markers  as  well  as  O* 
tracing  techniques  are  used  to  study  the 
mechanism  of  anodic  oxidation  on  Ti  and  TA6V. 

It  is  shown  that  in  5%wt  ammonium  citrate, 
the  mechanism  of  anodic  oxidation  on  Ti  is 
very  different  from  that  on  TA6V.  For  Ti ,  new 
oxide  is  mainly  formed  by  the  migration  of  Ti 
cations  to  the  solution  /  oxide  interface  and 
the  regions  in  which  new  oxide  formed  are  at 
the  solution  /  oxide  interface  and  in  old 
oxide  near  the  interface.  While  for  TA6V,  new 
ox>de  is  mainly  formed  by  the  migration  of 
oxygen  anions  to  the  oxide  /  metal  interface 
and  the  regions  are  at  this  interface  and  in 
old  oxide  near  the  interface.  The  transport 
numbers  for  Ti  in  solution  of  lXwt  KOH  are 
calculated  to  reveal  that  temperature  has  an 
influence  on  it.  At  3’C,  its  average  is  0.32, 
while  at  30 ’C,  its  average  is  0.28.  The 
current  efficiency  is  above  99.8%.  The  result 
of  AES  Bpectrum  shows  that  V  and  A1  in  oxide 
on  TA6V  present  uniform  distribution. 

A6. 10 

IRYSTALLINE  POLYMER  THIN  FILM  DEPOSITION  BY 
IONIZED  CLUSTER  BEAM.  S.  J.  Cho ,  Department  of 
Physics,  Kyungseoung  University,  Busan  608-020, 
Korea;  H.  S.  Choe,  Department  of  Physics, 
Kyungsang  University,  Jin]u  660-300,  Korea;  H. 
K.  Jang,  S.  S.  Kim,  C.  N.  Whang,  Department 
of  Physics,  Yonsei  University,  Seoul  120-749, 
Korea;  and  D.  S.  Choi,  Department  of  Physics, 
Kangwon  University,  Chuncheon  200-701,  Korea. 

Polyethylene  (PE)  and  polyimide  thin  film  are 
deposited  by  ionized  cluster  beam  deposition 
(o:bd)  technique.  Polymerization  and 
crystallization  of  PE  and  polyimide  were 
investigated  using  TEM,  FTIR  and  XRD,  and  the 
electronic  structure  of  these  polymer  films  were 
investigated  using  XPS.  Films  deposited  at 
optimum  ion  acceleration  voltage  showed  strong 
preferential  crystal  orientation,  in  the  case  of 
PE,  orthorhomic  structure  was  obtained  at  ion 


acceleration  voltage  of  200V  and  the  lattice 
parameter  of  PE  film  deposited  by  ICBD  was  close 
to  that  of  the  single  crystal  PE.  Oxydianiline 
and  pyromellitic  dianhydride  were  co-deposited  to 
fabricate  polyimide  film.  Crystalline  polyimide 
film  was  obtained  at  ion  acceleration  voltage  of 
700V. 

A6. 11 

STRUCTURAL  AND  ELECTRICAL  STUDIES  OF  EPITAXIAL  PbTe  FILMS 
GROWN  BY  ION-ASSISTED  RF  MAGNETRON  SPUTTERING.  J.G.  Cook 
and  S.R.  Das,  Laboratory  for  Mlcrostructural  Sciences, 
National  Research  Council  of  Canada,  Ottawa,  Canada 
K1A  0R6,  and  M.  Phippe,  Department  of  Physics,  University 
of  Ottawa,  Ottawa,  Canada  KIN  6N5. 

The  growth  of  PbTe  on  (111)  BaF2  by  means  of  rf  magnetron 
sputtering  has  been  studied.  Low  growth  temperatures  and 
high  growth  rates  favour  (100)  growth,  while  high 
temperatures  and  low  growth  rates  result  In  (111)  growth. 
The  application  of  a  small  negative  substrate  bias  strongly 
encourages  (111)  growth,  particularly  at  the  lowest 
temperatures.  With  a  -10V  substrate  bias,  epitaxial  (111) 
growth  occurs  at  temperatures  as  low  as  180°C.  If  no  bias 
voltage  is  applied  at  such  low  temperatures,  the  growth  la 
strongly  (100)  except  at  very  low  growth  rates,  for  which 
It  is  of  mixed  orientation. 

Hall  effect  studies  are  made  on  films  grown  at  temperatures 
between  180°C  and  400°C  onto  (111)  BaF2  which  has  been 
chemipolished  to  remove  the  cleavage  ledges  which  are  known 
to  favour  (100)  growth.  Below  180°C  and  without 
Intentional  doping  the  films  are  p-type,  while  above  300°C 
the  films  are  n-type.  The  effect  of  a  bias  voltage  on  the 
surface  morphology  is  examined.  We  also  study  the  effect 
of  a  bias  voltage  applied  only  during  the  Initial  stages  of 
film  growth. 

A6.12 

OXIDATION  BEHAVIOUR  OF  TITANIUM  SURFACES 
COATED  WITH  BORON  COMPOUNDS.  M.  Elena.  L.A. 
Guzman,  L.  Moro.  and  A.  Tomasi,  Institute  for  Scientific  and 
Technological  Research  -  IRST,  38050  POVO  (TN).  Italy;  and 
S.  Gialanella,  P.  Scardi,  Department  of  Materials  Science 
Engineering,  University  of  Trento,  38050  Mesiano  (TN).  Italy 


Titanium  is  one  of  the  most  interesting  materials  for  a 
wide  range  of  high  technology  applications  (e.g.  in  the  aerospace 
sector,  where  its  low  density  is  an  important  characteristic). 
However,  one  of  the  main  problems  is  its  extremely  high 
oxidation  rate,  which  can  limit  its  use  especially  in  high 
temperature  environments. 

In  the  literature  relatively  few  papers  deal  with  this 
subject,  and  this  can  be  understood  in  view  of  the  recent 
widespread  use  of  titanium  in  industrial  applications,  and  to  the 
difficulty  of  the  task.  In  this  paper  we  describe  our  attempts  to 
protect  titanium  against  oxidation  using  various  surface 
treatments.  In  particular  we  have  coated  the  metal  with  various 
compounds  ranging  from  a  Ti-B  multilayer  to  BN.  passing 
through  TiB2.  Some  films,  obtained  by  RF  sputtering,  have  also 
been  ion  bombarded  in  order  to  achieve  a  better  uniformity  and 
an  increased  adhesion  to  the  substrate.  In  addition  we  have  also 
used  the  Ion  Beam  Assisted  Deposition  technique  (IBAD)  to 
produce  BN. 

Our  work  shows  the  difficulty  of  obtaining  an  effective 
and  complete  solution  to  the  problem  of  protecting  titanium 
from  oxidation,  although  some  treatments  have  given  promising 
results  towards  this  goal. 
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A6.13 

ION-BOMBARDMENT  EFFECTS  ON  FILM  ADHESION.*  R.  A. 
Erck .  G.  R.  Fenske,  and  A.  Erdemir,.  Materials 
and  Components  Technology  Division,  Argonne 
National  Laboratory,  Argonne,  IL  60439 

Ion-assisted  processes,  e.g.,  ion-assisted  depo¬ 
sition  ( I AD ) ,  are  becoming  more  common  for  the 
production  of  thin  films.  In  I AD,  a  film  is  de¬ 
posited  by  evaporation  or  sputtering  while 
undergoing  bombardment  with  inert  or  reactive 
energetic  ions. 

Good  film  adhesion  is  critical  in  many  applica¬ 
tions,  particularly  for  lubricious  metal  films 
on  ceramic  substrates  used  at  elevated  tempera¬ 
tures.  Many  thin-film  deposition  techniques 
(e.g.,  evaporation)  produce  films  with  poor  ad¬ 
hesion.  Thus,  energetic-beam  deposition  tech¬ 
niques  such  as  IAD  are  being  investigated 
because  of  their  potential  for  improving  the 
adhesion  of  the  films  to  the  substrate.  Film 
adhesion  in  IAD  can  be  improved  by  energetic-ion 
bombardment  of  the  substrate  prior  to  and  during 
the  start  of  deposition.  However,  the  condi¬ 
tions  (ion  energy,  flux,  species)  that  produce 
the  best  adhesion  at  the  start  of  deposition  are 
not  well  understood. 

In  this  work,  a  pull-type  adhesion  tester  was 
used  to  measure  the  adhesion  of  various  IAD 
films  to  AI2O3  and  S13N4  substrates.  The  effects 
of  varying  the  current  density  and  energy  (100- 
1500  eV)  of  the  ions  (reactive  and  inert)  are 
reported . 

•Work  supported  by  the  U.S.  Department  of  Energy, 
Energy  Conversion  and  Utilization  Technologies 
Division,  under  Contract  W-31-109-Eng-38 . 

A6.14 

CARRIER  LIFETIME  DISTRIBUTIONS  AND  RECOMBINA¬ 
TION  KINETICS  IN  SILICON  ON  INSULATOR  (SIMOX)  SUB¬ 
STRATES.  M  A  Lourengo,  K  P  Homewood  and  E  L  E  Hemment. 
Department  of  Electronic  and  Electrical  Engineering,  University  of 
Surrey,  Guildford,  Surrey,  GUI  5XH,  UK. 

Silicon  on  insulator  (SOI)  materials  offer  many  advantages  as 
substrates  for  small  geometry  MOS  and  bipolar  circuits.  During 
recent  years  SOI  substrates  formed  by  high  dose  oxygen  implanta¬ 
tion  (SIMOX  technology)  have  been  shown  to  support  high 
performance,  fully  depleted  CMOS  transistors  and,  recently, 
bipolar  circuits  also  have  been  successfully  fabricated. 

During  the  preparation  of  the  SIMOX  substrates,  involving  ion 
implantation  (>  10“  (>•  cm-3  )and  extended  high  temperature 
annealing  (-1350  °C),  many  defects  are  unitentionally  introduced, 
which  can  act  as  trapping  and  recombination  centres.  In  this 
paper  the  carrier  lifetime  distributions  and  recombination  kinetics 
determined  by  Photoconductive  Frequency  Resolved  Spectroscopy 
(PCFRS)  are  reported.  Comparative  measurements  give  lifetimes 
of  5ps,  64s  and  200ps  in  bulk  silicon,  annealed  bulk  silicon  and 
device  quality  SIMOX,  respectively.  In  the  annealed  silicon  and 
SIMOX  the  kinetics  are  observed  to  be  second  order  whilst  as 
expected  being  first  order  in  unannealed  bulk  silicon. 

Measurements  on  SIMOX  material  made  as  a  function  of  tempera¬ 
ture  in  the  range  350  K  to  90  K  reveal  a  strong  dependence  of  the 
lifetime  distribution  on  temperature,  confirming  the  dominance  of 
carrier  trapping.  Trap  parameters  have  been  obtained  from 
Arrhenius  plots  of  the  lifetime  distribution  and  details  of  these  will 
be  presented. 

A6.15 

SPONTANEOUS  VITRIFCATION  OF  ION  MIXED  METASTABLE 
PHASES  IN  IRON-BASED  ALLOT  SYSTEMS  L. J.Huanq, 
B.X.Liu(o)  and  H-D.Li,  Department  of  Materials 
Science  and  Engineering .Tsinghua  University , Bei- 
]ing,  100084 .CHINA; (a)  alos  at  Center  of  Conden¬ 


sed  Mater  and  Radiation  Physics,  CCAST(World  Lab) 
Beijing,  China. 

Spontaneous  vitrification  was  observed  in  some 
iron-based  alloy  films  prepared  by  xenon  ion 
mixing  and  hereafter  annealed  at  low  temperature. 

It  was  found  that  the  spontaneous  vitrification 
could  only  be  accessed  when  the  system  had  a  lar¬ 
ge  elastic  energy  in  addition  to  a  pre-formed 
metastable  phase  by  ion  mixing.  Firstly,  the  mul¬ 
tilayered  films  were  irradiated  by  xenon  ions  to 
certain  dose  and  a  uniform  mixing  was  achieved. 

The  films  consisting  of  metastable  phases  were 
then  subject  to  in  situ  annealing  in  transmission 
electron  microscope  to  the  temperature  at  which 
the  metastable  phases  were  stabilized.  These  films 
were  kept  at  room  temperature  for  months  and  re¬ 
examined  again  and  a  uniform  spontaneous  metas¬ 
table  crystalline  to  amorphous  phase  transforma¬ 
tion  was  observed. 

This  paper  presents  the  detailed  process  of  metas¬ 
table  phase  formation  and  transformation  and  the 
thermal  stability  of  the  observed  vitrified 
phases.  The  kinetics  of  these  phase  transforma¬ 
tions  is  also  discussed. 

A6.16 

FOCUSED.  0.  5  MeV  ION  BEAM  LINE  WITH  LOW  ABERRATION 
QUADRUPOLE  MAGNETS.  Kiyotaka  Ishlbashi,  Ken-ichl 
Inoue,  Yu taka  Kawata,  Norio  Suzuki,  Electronics 
Research  Laborato: ry,  Kobe  Steel,  Ltd. ,  Kobe 
673-02,  Japan;  Mikio  Takai  and  Sue urn u  Nanba, 
Faculty  of  Engineering  Science  and  Research  Center 
for  Extreme  Materials,  Osaka  University,  Toyonaka, 
Osaka  560,  Japan. 

The  techniques  of  Rutherford  backscatterlng 
spectroscopy  (RBS)  and  parti ole- induced  X-ray 
emission  spectroscopy  (PIXE)  using  MeV  ion 
■ i oroprobes  are  expected  to  play  a  very  important 
role  In  the  recent  advancement  of  microelectronic 
Materials  and  processes. 

A  aiorobeaa  line  with  0.5  MeV  helium  ions  has  been 
developed  and  installed  at  the  Research  Center  for 
Extreee  Materials,  Osaka  Univ.  The  beam  line 
oonslsts  of  cylindrical  objective  slits,  a 
magnetic  quadrupole  doublet  with  hyperbolic  shaped 
pole  pieces  and  a  E-axis  goniometer  newly  designed 
for  MicroChannel lng  measurements.  A  minimum  beam 
■pot  size  of  0.  7  p  ■  X  O.e^i  was  achieved  by 
evaluating  the  special  resolution  of  the  secondary 
electron  isage,  and  a  spot  size  of  1  a  ■  diameter 
with  current  of  nearly  lOOpA  has  been  steadily 
available.  As  an  example  of  microbeam  analysis, 
secondary  electron  and  RBS  mapping  images  of  a 
lam  gold  pattern  on  a  si  1  loon  substrate  were 
demonstrated . 

In  this  aeetlng,  an  optiaua  design  of  a  quadrupole 
magnet  using  a  3-dlaensional  numerical  magnetic 
analysis  and  comparison  of  spatial  resolution 
between  the  two  mapping  images  will  be  discussed. 

Ab.17 

THE  STRUCTURE  AND  PROPERTIES  OF  Ni  FILMS 
GROWN  BY  ION  BEAM  ASSISTED  DEPOSITION. 

R.A.  K«nt.  G.P.  Chambers,  and  B.D.  Sariwell, 

Naval  Research  Laboratory,  Code  4675,  Washington  DC  20375 


The  influence  of  ion  bombardment  on  the  properties  of  Ni 
thin  films  grown  using  ion  beam  assisted  deposition  has  been 
studied  for  films  grown  under  ion  bombardment  with  high 
energy  Ni  ions  (25  to  160  keV)  and  under  Ar  bombardment  at 
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low  energies  (0.1  Jo  1.5  keV).  Ni  was  selected  for  this  study 
because  it  is  a  relatively  unreactive  metal.  Ni  and  Ar  ion 
bombardment  were  used  in  order  to  investigate  ballistic  effects 
with  minimal  influence  due  to  compositional  effects.  Film 
microstmcture  was  examined  using  transmission  electron 
microscopy  and  electron  diffraction.  Substrates  for  the  electron 
microscopy  samples  were  single  crystal  sodium  chloride  with 
7  nm  of  Ni  deposited  at  280  C.  The  observed  microstructural 
characteristics  include  small  grain  size  with  strongly  oriented 
crystal  structure,  microtwinning  and  a  high  density  of  defects. 
These  features  are  discussed  in  terms  of  measured  electrical 
conductivities  and  mass  densities  as  a  function  of  the  ion  to 
atom  arrival  ratio,  ion  energy,  and  substrate  temperature. 
Samples  prepared  for  electrical  resistivity  and  density 
measurements  were  deposited  on  optically  smooth  single 
crystalline  sapphire  substrates  at  room  temperature.  FUm 
densities  were  determined  using  step  height  measurements 
together  with  microbalance  mass  measurements;  electrical 
conductivities  were  determined  using  the  four-point-probe 
method.  For  the  case  of  bombardment  with  low  energy  Ar 
ions,  the  mass  density  was  observed  to  be  strongly  sensitive 
both  to  ion  energy  and  to  ion  to  metal  atom  ratio. 

A6.18 

Ar*  INDUCED  INTERFACIAL  MIXING  IN  Pd/Cu  SYSTEM. 
H.  K.  Kira,  Korea  Standards  Research  Institute, 
Taejon  302-340,  Korea;  J.  H.  Song,  S.  0. 
Kim,  C.  N.  Whang,  Department  of  Physics,  Yonsei 
University ,  Seoul  120-349,  Korea;  J.  J.  woo. 
Department  of  Physics,  Chonnam  University, 
Kwangju  500-757,  Korea;  and  R.  J .  Smith, 
Department  of  Physics,  Montana  State  University, 
Bozeman  MT59717. 

Evaporated  Pd/Cu  bilayer  thin  films  are 

irradiated  at  room  temperature  using  80  keV  Ar 
with  doses  in  the  range  of  1x10 -5  to  1x10 ‘6  c®'‘. 
The  Ar'  induced  interfacial  mixing  behaviors  are 
investigated  using  RBS  technique,  and  phase 

formation  by  Ar'  bombardment  is  investigated 
using  RBS  and  TEM  techniques.  RBS  analysis  shows 
that  intermixing  has  occurred  across  the  Pd/Cu 
interface,  and  the  mixing  variance  increases  with 
increasing  dose  of  Af  .  This  result  agrees  well 
with  a  model  based  on  radiation  enhanced 
diffusion  mechanism.  The  phase  of  Cu^ Pd  is  found 
to  be  formed  by  Ar'  bombardment.  This  phase 
formation  is  discussed  in  terms  of  enhanced 
atomic  mobility  and  thermodynamical  driving  force 
by  introducing  the  concept  of  an  effective  heat 
of  formation. 

A6.19 

in-situ  ion  beam  MEASUREMENJS  of  deuterium  loading  in  thin 

FOIL  ELECTROCHEMICAL  CELLS.  J.A.  Knapp,  T.R.  Guilinger, 

M.J.  Kelly,  D.  Walsh  and  B.L.  Doyle,  Sandia  National 
Laboratories,  Albuquerque,  NM. 

A  key  element  of  recent  assertions  of  "cold  fusion"  has 
been  the  claim  of  electrochemical  deuterium  loading  into 
Fd  electrodes  to  levels  exceeding  1.0  D:Pd.  We  have  used 
external  beam  nuclear  reaction  analysis,  in  combination 
with  electrochemical  cells  with  a  Pd  foil  electrode  at  one 
vail  of  the  cell,  to  directly  monitor  the  loading  and  un¬ 
loading  of  D  in  the  Pd  foil  as  the  cell  is  operated.  Using 
a  3He  ion  beam  in  air,  the  deuterium  in  the  out^r  2  pm 
of  the  exposed  Pd  foil  is  measured  using  the  D(  He,p) 
nuclear  reaction.  Typically,  a  25  pm  foil  was  observed  to 
load  to  0.6:1  (D:Pd)  within  a  few  minutes  and  reach  0.8- 
0.9  within  several  more  minutes.  No  conditions  were  found 
which  resulted  in  loadings  higher  than  0.9.  Combined  with 
reference  electrode  monitoring,  this  in-situ  measurement 
of  deuterium  content  for  an  operating  Pd  electrode  provides 
a  direct  correlation  between  electrode  loading  and  chemical 


potential. 

*This  work  was  performed  at  Sandia  National  Laboratories 
supported  by  the  U.S.  Dept,  of  Energy,  contract  number 
DE-AC04-76DP00789. 

A6.20 

ON  THE  STABILITY  OF  METASTABLE  AND  AMORPHOUS 
PVD- COMPOUND  FILMS.  Otto  Knotek; 

Frank  Jungblut;  Arman  Barimani,  Technical 
University  Aachen,  F.R.G. 

Binary  and  quasibinary  eutectic  systems  with 
small  solubilities  can  create  metastable  phases 
as  coatings  using  PVD-technology .  They  have 
sufficient  thermal  stability  for  tools,  and  for 
both  wear-  and  corrosion-protection.  Another 
special  effect  of  those  systems  is  the  amor¬ 
phous  deposition  from  the  gaseous  phase.  In 
this  case,  the  thermal  stability  is  increased 
due  to  the  incorporation  of  small  amounts  of 
impurities.  A  specific  transformation  from  the 
amorphous  to  the  crystalline  state  can  be 
achieved.  Examples  are  given  within  the  systems 
(Ti,Al)N,  (Cr,Al)N  and  A1203 .  An  example  for 
the  decomposition  in  coatings  is  to  be  given  by 
the  (Ti,Zr )N-system. 

A6.21 

Analysis  of  Elements  in  Finpemoiis  by  Rutherford  Badiscanering  Spectroscopy  P. 
Madakson  IBM  Research  Division,  Thomas  J  Waison  Research  Cenier,  Yorktown 
Heights,  NY  10598. 

The  fingernails  of  several  people  were  studied  to  determine  the  elements  and  their 
vanations  in  composition  and.  with  source  and  tune.  The  common  elements  were 
found  to  be  H.  C.  N,  O.  Ca  and  Fe.  The  first  four  elements  have  about  the  same 
composition  for  each  of  the  fingernails  studied  and  tbey  do  not  vary  significantly 
with  time  or  source.  In  contrast  the  compositions  or  Ca  and  Fe  vary  from  person  to 
person  and  with  time,  probably  in  line  with  changes  in  their  amount  in  tbe  body. 
Other  elements  found  on  some  people  are  Bi.  Si.  Zn,  Nb,  Pb  and  Nd.  Some  of  these 
are  probably  irons  external  contamination  of  tbe  fingernails  and  others  Irora  food 
or  water  intake. 

A6.22 

SECONDARY  IONIZATION  DURING  ION  BOMBARDMENT  OF 
Rh(lll),  Geoffrey  P.  Malafskv(l)  and  Nicholas 
Winograd,  Department  of  Chemistry,  152  Davey 
Laboratory,  The  Pennsylvania  State  University, 
University  Park,  PA  16802 

Secondary  ion  mass  spectrometry  (SIMS)  is  a 
powerful  technique  for  analyzing  the  atomic 
concentrations  of  thin  films.  However,  SIMS  is 
hampered  by  large  differences  in  the  ionization 
probabilities  of  different  species.  We  report  on 
the  fundamental  nature  of  the  secondary 
ionization  process  during  ion  bombardment  of  a 
Rh(lll)  target.  We  describe  the  first  direct 
comparison  of  measured  energy  and  angle  resolved 
secondary  ion  and  neutral  particle  distributions 
from  a  single  crystal  sample.  From  this 
comparison,  we  identify  a  collisionally  induced 
secondary  ionization  mechanism.  This  mechanism 
occurs  during  the  collision  cascade  through 
certain  high  yield  collision  sequences  which 
significantly  disrupt  the  electronic  structure 
of  the  lattice.  These  collision  sequences  produce 
anomalies  in  the  energy  and  angular  distributions 
of  the  ejected  Rh+  ions  which  are  not  present  in 
the  Rh  neutral  particle  distributions.  The 
anomalous  yields  agree  with  a  molecular  dynamics 
simulation  of  the  ion  bombardment  process. 

(1)  Present  address:  ONT  Postdoctoral  Fellow, 

Naval  Research  Lab,  Code  6816,  Wash,  DC  20375 
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A6.2  3 

ION  BEAM  MIXING  OF  MULTILAYERED  Co-B  THIN  FILMS 
G  Choe.  Center  for  Materials  Science  and  Engineering;  R,M.  Walser, 
Dept  of  Electrical  and  Computer  Engineering.  The  University  of  Texas  at 
Austin,  Austin  TX.  78712. 


Magnetically  soft,  amorphous  Co-B  films,  exhibiting  a  two-phase 
structure,  have  attracted  attention  because  their  specific  morphological 
changes  are  associated  with  important  changes  in  their  soft  magnetic 
properties1.  In  this  paper  we  report  on  investigation  of  the  structural  and 
magnetic  properties  of  ion  beam  mixed  Co-B  films.  Multilayered  Co-B 
films  were  systematically  prepared  with  various  bilayer  periods  (BP=Tc0 
+Tb,  Tco/Tb  =  4)  and  ratios  of  bilayer  thickness  (composition).  These 
films  were  subsequently  ion  beam  mixed  with  150  keV  1016  Ar  ions/cm2. 
Microstructure  and  compositional  modulation  of  the  ion  beam  mixed  films 
were  investigated  with  TEM/TED,  Auger  depth  profiling,  and  x-ray 
diffraction. 

Although  ion  beam  mixed  films  exhibited  amorphous  structures,  the 
morphologies  differed  as  a  function  of  BP  in  the  as-deposited  state, 
possibly  indicating  a  difference  in  atomic  ordering  due  to  different  degrees 
of  microscopic  mixing.  The  ion  beam  mixed  film  with  large  BP  (170 A) 
showed  a  microstructure  composed  of  small  spherical  particles  (60-150A), 
whereas  the  ion  beim  mixed  film  with  small  BP  (28 A)  showed  a  two- 
phase  separated,  maze  type  microstructure.  This  morphological  difference 
appeared  to  influence  magnetic  properties  such  as  anisotropy  and 
coercivity.  Magnetization  measurements  of  ion  beam  mixed  films  revealed 
that  the  atomic  concentration  at  which  ferromagnetism  disappears  extends 
to  higher  boron  composition  (=55  at%  B)  than  those  of  the  reported  melt- 
spun  alloy  (40  at%  B)2.  These  magnetic  properties  will  be  discussed  in 
relationship  to  the  morphological  inhomogeneities. 

1  D.Y.  Kim  and  R.M.  Walser.  J.  Appl.  Phys.,64,  5676  (1988) 

2.  N'.S.  Kazama.  T,  Masumoto  and  M.  Mitera,  J.  Magn.  Magn.  Mat.,  15,  1331  (1980) 


A6 . 24 

CHARGE  STATES  OF  HEAVY  IONS  IN  A  UNIFORM 
ELECTRON  GAS.  A.M.Mazzone  C.N.R-Istituto  LAMEL, 
Via  de’  Castagnoli  1-40126  Bologna,  Italy. 


In  this  work  a  new  formalism  is  presented  for  the 
evaluation  of  the  effective  charge  of  heavy  ions  with  energy 
of  few  MeV. 

Similarly  to  the  theory  of  Guinea,  Flores  and  Echenique  the 
effect  of  the  electron  gas  on  the  bound  states  of  the  ion  is 
determined  (i)  by  using  a  dielectric  response  in  which  free 
electrons  are  described  by  orthogonalized  plane  waves 
instead  of  plane  waves  and  (ii)  by  including  exchange  and 
correlation  effects  between  the  orthogonalised  plane  waves 
and  the  bound  states.  The  interaction  between  the  electrons 
in  the  bound  states  is  determined  by  using  a  variational 
procedure. 

The  stopping  values  corresponding  to  the  this  effective 
charge  are  used  in  a  Monte  Carlo  simulation  to  calculate 
the  ion  range  in  silicon  and  gallium  arsenide. 

A6.25 

STUDY  OF  THE  EVOLUTION  OF  THE  BURIED  Sl02 
I -AYER  FORMED  BY  MULTIPLE  LOW  DOSE  OXYGEN 
IMPLANTATION  INTO  SILICON*.  F.  Namavar  and  E. 
Cortesi,  Spire  Corporation,  Patriots  Park, 
Bedford,  MA. 

We  have  shown  in  our  previous  work  [1]  that  it 
is  possible  to  form  high  quality,  low  defect 
separation  by  IMplantation  of  OXygen  (SIMOX) 
material  with  a  three  step  oxygen  implantation 
process  (total  dose  of  1.1  x  10^°  0+/cm2) .  In 
order  to  optimize  this  process,  we  have  carried 
out  an  extensive  study  of  the  effect  of 
parameters  such  as  dose  step,  dose  rate, 
implant  angle,  and  annealing  time  and 
temperature,  on  the  formation  and  quality  of 


the  buried  oxide  layer  and  the  quality  of  the 
silicon  top  layer. 

We  will  present  results  of  this  work  as 
obtained  by  RBS/channeling  and  TEM.  Very  high 
quality,  low  defect  SIMOX  material  has  been 
produced  with  a  two  step  process  (7  x  1017 
0+/cm2) .  We  will  also  discuss  the  formation 
and  evolution  of  the  buried  Si02  layer  at  very 
low  doses  (1-4  x  1017  0+/cm2) . 

1.  F.  Namavar,  E.  Cortesi,  and  P.  Sioshansi, 
Mat.  Res.  Soc.  Symp.  Proc.  128,  623  (1989). 


*  This  work  was  supported  in  part  by  DOD/RADC 
at  Hanscom  AFB  under  contract  No.  F19628-86- 
C-0069. 
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MICKOSTKIICTUKAL  STUDIES  OF  MYLAR  (PET)  USING 
CRYOI RACTUKING  SYSTEM  AND  SEM.  A.K. Nigam.  Ram j i 
Pathak,  R.N.  Chakrabort.y  and  1) .  K  •  Clio  Lit  rvod  i  .  VDG 
Lab  .  ,  Dc-pt-t  or  Physics,  li .  Ii .  U  .  ,  Vnranns  i -221005 .  IND1 A 

To  study  the  microstructure  of  the  semicrvst.a- 
line  Polyethylene  Toraptha I  ate  (PET)  samples 
using  versatile  SP.M  technique  n  special  cryofrac- 
turing  system  has  been  desig.  d  and  fabricated. 
Using  this  system  the  thin  250  KeV  H  implanted 
polymer  sheets  can  be  broken  at  liquid  N,,  tempe¬ 
rature  without  disturbing  (.heir  hi  i  crosl.ruct  ura  i 
details  as  the  sample  becomes  brittle  at  this 
temperature  and  can  be  fractured  easily. 
Implantation  causes  blistering  which  may  be 
exfoliated  and  flaked  on  further  implantation. 

The  SEM  studies  of  these  cryof racturod  samples 
have  revealed  evidences  for  the  Brick  Mortar 
structure  of  PET. 

A6.27 

FORMATION  OF  METASTABLE  SUICIDE  PHASE  UNDER  THERMAL 
ANNEALING  AND  BEAM  IRREDIATI0N  OF  NI/SI  THIN  FILM 
BILAYERS.  Muhammad  Z.  Numan  and  Lim  poh  Leng.  Physics 
Dept.,  Indiana  University  of  Pennsylvania.  Indiana,  PA  15705 


Evaporated  Ni  Films  on  amorphous  Si  layers,  prepared  both  by 
electron  beam  deposition  on  and  ion  implantation  of  <100>  Si, 
were  subjected  to  vacuum  annealing  and  ion  beam  irrediation 
The  resulting  planer  silicide  layer  was  characterized  using 
Rutherford  backscattering  and  cross-sectional  transmission 
electron  microscopy.  The  initial  stage  of  nucleation  and  growth 
of  the  crystalline  and  amorphous  silicide  phases  has  been 
studied  to  understand  the  role  of  impurities  and  processing 
variables.  A  phenomenological  model  is  proposed  toeiplain  the 
data. 

A6.28 

MICKOSTRl  Cll  RAI  CHAR  AC  IT  KIZA  I  ION  Of  MXICRF  IN 
l  I  NCiSTl  N  I  II  MS  MAIN  BY  ION-ASSISTED  I  VAPORAT  ION  K  Kajan, 
Rcnnsclacr  Polytechnic  Institute.  Troy,  NY'.  R  A.  Roy.  R  Pctkic.  and  K  V 
Ramanathan  IBM  Research  Division,  1 .  I.  Waison  Research  (  enter,  I’D  Box 
218,  Yorktown  Height*  NY'  1(1598 

In  previous  work  ion-assisted  deposition  of  Nb.  Cr,  and  YV  has  hcen  used  to  sys¬ 
tematically  control  film  stress  by  variation  of  deposition  parameters  such  as  ion 
flux,  substrate  temperature,  and  ion  energy.  Recently  we  established  a  general 
correlation  between  film  fiber  texture  and  stress  in  YV  films  evaporated  with  con¬ 
current  inn  bombardment  The  films  were  deposited  over  a  range  of  substrate 
temperatures  and  subjected  to  varying  degrees  of  ion  bombardment  during  growth 
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In  (his  paper  the  results  of  transmission  electron  microscopy  studies  of  these  films 
are  presented  The  effects  of  features  such  as  grain  boundary  structure  on  texture 
are  presented  The  possible  role  of  dislocations  and  dislocation-grain  boundary 
interactions  on  the  texture-stress  relationship  is  also  explored.  Results  will  be  dis¬ 
cussed  with  respect  to  the  dynamics  of  film  growth  during  ion-assisted  deposition. 

A6.29 

DEPOSITION  OP  THIN  METALLIC  FILMS  BY  HIGH  POWER 
ION  BEAM  TARGET  EVAPORATION.  A.N.Zakutaev  , 

I. F. Isakov,  G.E.Remnev  ,  Nuclear  Physics  Institu¬ 
te,  634050  Tomsk,  fc.O.Box  25,  USSR. 

The  report  deals  with  the  results  on  production 
of  thin  films  produced  by  high  power  ion  beam 
target  evaporation. The  beam  has  the  following  pa¬ 
rameters  J  300  keV  ion  energy,  50  ns  pulse  dura¬ 
tion,  100  to  200  A/cm*  current  density  on  the 
target.  The  beam  consists  of  protons  and  carbon 
ions.  In  comparison  with  traditional  vacuum  eva¬ 
poration  techniques,  the  characteristic  feature 
of  employing  those  beams  is  high  precipitation 
rate,  exceeding  1  cm/s  which  garantees  produc¬ 
tion  of  dense  and  strong  films.  The  transversal 
cross-section  of  the  beam  incident  on  the  target 
was  20  cm1  ,  the  substrate  was  positioned  at  a 
shallow  angle  to  the  target  plane,  at  2  and  more 
cm  distance.  The  films  of  plumbum,  iron,  cadmium, 
zinc  and  another  materials  were  produced  both  by 
one  pulse  and  by  several  pulses  t  to  100  )  .In 
target  evaporation,  a  droplet  fraction  was  obser¬ 
ved.  The  films  showed  a  crystal  structure  with 
about  10z  to  10  3  A  crystallite  dimensions  . 

A  correlation  of  metal  non-annealed  films  with 
their  growing  rates  was  observed  .  The  film  pro¬ 
file  followed  the  relief  of  the  substrate  surf¬ 
ace  in  all  the  cases  . 


A6.30 

COMPUTER  SIMULATION  OF  ION  BEAM  ENHANCED 
DEPOSITION  OF  TITANIUM  NITRIDE  FILMS.  WANG  Xl , 
ZHOU  Jiankurt,  CHEN  Youshan,  LIU  Xianghuai  ana 
ZOU  Shichanq.  Ion  Beam  Laboratory,  Shanghai 
Institute  of  Metallurgy,  Acaaemia  Sinica, 
Shanghai  20U050,  China 

A  Monte-Carlo  computer  simulation  has  been  per¬ 
formed  to  describe  at  atomic  level  the  growth 
cf  titanium  nitriae  films  by  ion  beam  enhanced 
deposition  (IBED).  The  simulation  is  based  on 
the  assumption  of  a  random  target,  fixea  free 
path  of  moving  particles  and  binary  collisions. 
An  alternate  process  of  deposition  of  titanium 
atoms  and  implantation  of  nitrogen  ions  is 
appliea  to  replace  the  actual  continuous  and 
synchronous  process  of  IBED.  According  to  the 
actual  conditions,  the  aaso.ption  of  nitrogen, 
which  has  leaked  out  from  the  ion  source,  on 
the  fresh  titanium  film  surface  has  been  con¬ 
sidered.  In  addition,  the  change  of  the  com¬ 
position  and  density  profiles  during  film  growth 
has  been  taken  into  account.  It  is  demonstrated 
that  the  width  of  the  interface  region  between 
substrate  and  film  increases  with  the  increasing 
of  the  atomic  arrival  ratio  R  of  the  implanted 
nitrogen  ions  to  deposited  titanium  atoms.  When 
the  titanium  deposition  rate  is  low,  the  nitro¬ 
gen  concentration  of  the  films  is  not  too  sen¬ 
sitive  to  R,  indicating  that  a  considerable 
contribution  to  the  nitrogen  concentration  is 
derived  from  the  nitrogen  gas  leaked  from  the 
ion  source.  The  obtained  composition  profiles 
are  in  agreement  with  the  experimental  measure¬ 
ments  . 


A6.31 

AES  AND  IR  SPECTROSCOPIC  STUDIES  OF  SOI 
STRUCTURES  FORMED  BY  ION  IMPLANTATION.  Yu 
Yuehui,  Lin  Chenglu  and  2ou  Shichanq.  Ion  Beam 
Laboratory,  Shanghai  Institute  of  Metallurgy, 
Academia  Sinica,  Shanghai  200050,  China;  and 
P.L.F.  Hemment,  Department  of  Electronic  & 
Electrical  Engineering,  University  of  Surrey, 
Guildford,  Surrey  GU  5HX,  U.X. 

The  chemical  composition  and  structure  of  silicon 
on  insulator  (SOI)  formed  by  0+  (200KeV, 

1 .8*10‘ 8cm~2 )  or  N+  ( 190KeV ,  1.8xl0le/cm2)  im¬ 
plantation  into  silicon  have  been  investigated 
by  AES,  IR  absorption  and  reflection  spectros¬ 
copic  measurements.  For  SOI  structures  produced 
by  0+  implantation  and  annealing  at  1300°C  for  5 
hours,  the  characteristic  Auger  spectrum  for  the 
interface  between  the  top  silicon  layer  and  the 
buried  oxide  layer  identified  a  chemical  state 
of  silicon  whose  major  transition  at  85eV  is 
different  from  that  of  bulk  silicon  or  silicon 
in  Si02.  This  chemical  state  was  also  observed 
in  the  buried  oxide  layer  and  the  ratio  of  the 
amplitude  of  the  Si  peak  at  85eV  to  the  Si  peak 
at  76eV  remains  unchanged  in  the  buried  oxide 
layer,  and  the  component  ratio  of  Sic>2  phase  in 
the  buried  oxide  layer  was  determined  to  be  0.8. 
For  SOI  structures  produced  by  N+  implantation 
and  annealing  at  1200°C  for  2  hours,  a  nitro- 
genen-riched  layer  was  observed  in  the  buried 
nitride  layer.  For  both  SOI  structures,  a 
strong  asymmetry  of  the  two  main  interfaces  was 
observed.  By  IR  absorption  analysis,  the  activa¬ 
tion  energy  of  transformation  of  buried  oxide 
layer  into  thermally  oxidized  Si02  was  determined 
to  be  0.13eV. 

A6.32 

FORMATION  OK  BURIKI)  OXYMTKIUK  I.AYKK  INTO  SILICA 
GLASS  USING  ION  REAM.  Kciji  Oyoshi.  Takashi  Tagami 
and  Shuhci  Tanaka,  Tsukuba  Research  Laboratory , 

Nippon  Shoot  Glass  Co..  Ltd.,  5-1  Tokodai, 

Tsukuba  City,  Ibaraki,  300-26  Japan 

The  depth  profile  of  additionally  implanted 
nitrogen  was  not  a  Gausssian- 1  ike  distribution 
but  a  trapezoidal  one  at  the  dose  of  N'  ion,  more 
than  about  3X10'b  ions/cm  2  (acceleration  voltage, 

150kV).  The  maximum  concentration  of  nitrogen 
saturated  at  the  ion  dose.  The  concentration  of 
implanted  nitrogen  drastically  decreased  after 
the  annealing  at  6001C . 

In  the  case  of  silicon  ion  implantation  before  or 
after  nitrogen  ion  implantation,  the  nitrogen 
depth  profile  was  a  Gaussian-1 ike  one,  and  the 
distribution  of  nitrogen  did  not  change  after  the 
annealing  at  9001C  .  The  maximum  nitrogen 
concentration  was  obtained  in  the  case  of  nitrogen 
implantation  after  silicon  implantation. 

Moreover,  bubbles  appeared  underneath  the 
implanted  surface  at  the  condition  of  silicon  to 
^i'rogen  ion  dose  ratio  0.75,  total  dose 
4  X 1 0 1 v  ions/cm' 2 ,  and  acceleration  voltages  of 
silicon  and  nitrogen  100  and  50kV. 

The  bubble  formation  was  suppressed  by  the 
nitrogen  ion  implantation  of  two  depths  deeper  and 
shallower  than  the  peak  of  silicon  concentration. 


A6.33 

EVALUATION  OF  COMPOSITIONAL  CHANGE  IN  MASKLESSLY 
DEPOSITED  LINES  BY  MICRO-RBS  ANALYSIS.  A. 
Kinomura,  Y.  F.  Lu,  Mj.  Takai  and  S.  Namba,  Osaka 
University,  Faculty  of  Engineering  Science  and 
Research  Center  for  Extreme  Materials,  Toyonaka, 
Osaka  560,  Japan;  M.  Satou  and  A.  Chayahara, 
Government  Industrial  Research  Institute  Osaka, 
Ikeda,  Osaka  563,  Japan. 

Oxygen  contents  in  masklessly  deposited  tin  oxide 
and  silicon  oxide  lines  were  investigated  by 
micro-RBS  analysis  using  1.5  Mev  helium  ion  and 
proton  microprobes.  Since  the  micro-RBS  analysis 
is  free  from  the  charge-up  effect  which  is  a 
serious  problem  in  case  of  an  Auger  electron 
spectrometry,  the  micro-RBS  is  suitable  for 
insulating  materials.  A  spot  size  of  the 
microprobe  was  3  pm  x  3  pm  with  a  beam  current  of 
100  pA. 

The  tin  lines  were  masklessly  deposited  on  GaAs  by 
an  Ar+  laser  irradiation  in  an  SnCl^  atmosphere. 
Much  oxygen  content  introduced  from  residual  gas 
were  found  in  the  deposited  lines.  While  Sn  and 
SnOj  are  electrically  conductive,  SnO  is  an 
insulator.  It  is  important  to  control  the  oxygen 
contents  to  obtain  conductive  lines. 

The  tin  line  deposited  with  a  laser  power  of  350 
mW  was  analyzed  by  the  1.5  MeV  helium  ion 
microprobe.  Variation  of  the  micro-RBS  spectra 
due  to  the  compositional  change  was  observed 
when  the  microprobe  was  scanned  across  the 
deposited  line.  Stoichiometric  Sn02  was  found  at 
the  center  of  the  deposited  line. 

A6.34 

DEPENDE.NCt  CF  CON. POSITION  AND  STRUCTURE  OF 
ION-ASSISTED  BORON  NITRIDE  THIN  FILMS  ON  PROCESS 
PARAMETERS.*  T.G.  Tctreault.  3.k.  Hirvonen,  and 
C.R.  Parker,  Spire  Corporation,  Bediord,  MA;  P.  Kullen  and 
T.  McDevitt,  Mellon  Institute,  Pittsburgh,  PA;  J.P.  Hirvonen, 
Los  Alamos  National  Laboratory,  Los  Alamos,  NM. 

Thin  films  of  EXN(|.X)  have  been  deposited  on  a  variety  of 
substrates  by  the  method  of  ion  beam  assisted  deposition 
(1BAD).  The  process  involves  electron-beam  evaporation  of 
boron  with  simultaneous  bombardment  by  a  low-energy  (<  2keV) 
non-mass  analyzed  nitrogen  ion  beam  from  a  Kaufman-type  ion 
source.  The  effect  of  process  parameters,  such  as  ion  energy, 
ion/evaporant  flux  ratio,  and  substrate  temperature,  on  the 
resulting  film's  stoichiometry  and  crystal  structure  is  presented. 
X-ray  diffraction,  transmission  electron  microscopy,  and  Raman 
spectroscopy  are  used  to  investigate  film  microstructure  while 
stoichiometric  determination  is  provided  by  nuclear  reaction 
resonance  analysis.  Other  film  characteristics  which  are 
reported  include  microhardness,  friction  and  wear  behavior,  and 
optical  properties. 

*  -  This  work  sponsored  in  part  by  Department  of  Energy  SBIR 
contract  DE-AC02-87ER80449. 

A6.35 

COBALT  SILICIDE  FORMATION  ON  Si  SUBSTRATE 
HEAVILY  DOPED  WITH  ARSENIC  IONS.  V.V.  Tokarev  , 
Institute  of  Solid  State  and  Semiconductor 
Physics,  the  BSSR  Academy  of  Sciences,  P.Brovka 
str.  17,  Minsk,  USSR,  220726. 

Silicide  films  are  gaining  greater  significance 
in  the  production  of  miniature  devices.  However 
silicide  synthesis  on  heavily  doped  Si  films  is 
a  matter  of  some  definite  difficulty  which 
often  can  not  be  solved  by  traditional  methods. 
The  paper  presented  considers  the  processes 


going  on  in  heavily  doped  Si  during  its  inter¬ 
action  with  a  metal  film. 

RBS,  AES,  x-ray  diffraction  and  electrophysical 
measurements  of  film  resistance  and  thickness 
were  used  to  study  the  reaction  of  Co  |ilicide 
formation  with  Si,  heavily  doped  by  As  implanta¬ 
tion  (dose  range  3  10E15  -  3  10E16  cm*  ).  The 
reaction  was  enhanced  by  extra  implantations  of 
argon,  oxygen  and  carbon  in  the  dose  range  of 
10E14  -  10E16  cm**  with  energies  ensuring  Rp s 
0 . 5  d^,,  Id*,  and  1.5  d*, ,  and  also  by  rapid 
heating  and  annealing  in  diffusion  furnace. 

It  is  shown  that  every  dopant  used  enhance  the 
process  of  silicide  formation  on  heavily  doped 
Si,  and  the  destabilisation  of  covalent  bonds  in 
Si  is  the  main  contribution  rather  than  inter¬ 
mixing  of  metal-silicon  layers. 

A6.36 

TITANIUM  SILICIDE  FORMATION  ON  MONO-  AND  POLY¬ 
CRYSTALLINE  Si  ENHANCED  BY  ARGON  IMPLANTATION. 

V . V ■  Tokarev ,  A. I.  Demchenko,  U.Ch.  Dulinets, 
Institute  of  Solid  State  and  Semiconductor 
Physics,  the  BSSR  Academy  of  Sciences,  P.Brovka 
str.  17,  Minsk,  USSR,  220726. 

Titanium  silicide  synthesis  is  a  complex  process, 
it  is  given  much  prominence  in  the  production  of 
IC.  This  paper  gives  the  analysis  of  Ti  silicide 
synthesis  on  mono-  and  polycrystalline  Si,  en¬ 
hanced  by  argon  implantation. 

Electrophysical  and  analytical  measurements 
made  it  possible  to  determine  silicide  film  re¬ 
sistance  and  thickness,  silicide  phase,  grain 
size,  the  structure  and  distribution  of  elements 
on  silicide  synthesis  during  solid  phase  reaction 
of  mono-  and  polycrystalline  silicon  with  60  nm 
silicide  film,  implanted  with  a^gon  ions  to  a 
dose  range  of  10E14  -  10E17  cm  (energy  range 
30-200  keV )  and  heat  treated  in  a  diffusion  fur¬ 
nace  at  650°  C  and  850°C. 

The  investigations  showed  accelerated  due  to  the 
implantation  growth  of  silicide  layers.  This  is 
caused  by  two  processes:  by  intermixing  metal 
atoms  with  Si  atoms  and  by  uniform  dopant  dist¬ 
ribution  in  the  mixed  volume.  There  is  presented 
a  model  of  silicide  synthesis,  which  also  ac¬ 
counts  for  additive  inclusion  of  Me-Si  in  the 
system . 

A6.37 

ION  BEAM  MIXING  OF  LANTHANUM  OXIDES  AND  COPPER  MULTILAYERS  J.P. 
Mathevet  and  A.  Traverse,  Centre  de  Spectromitrie  Nucteaire  et  de 
Spectromitrie  de  Masse,  Bit  108,  91405  Campus  Or  say,  France 


The  role  of  the  energy  deposition  process  (electronic  versus 
nuclear),  of  the  nature  of  created  defects  on  ion  beam  mixing 
mechanisms  of  metallic  and  oxide  layers  are  not  yet  well 
understood. 

As  lanthanum,  copper  and  oxygen  are  components  of  high 
transition  temperature  superconductors,  we  have  chosen  to  study 
their  behavior  under  ion  beam  mixing.  The  effects  of  the  initial 
oxygen  content,  the  irradiation  temperature  and  the  density  of 
deposited  energy  on  the  final  composition  and  structure  of  the 
mixed  layers  are  analysed.  The  possibility  for  preparing  high  Tc 
superconductors  by  this  technique  is  discussed. 
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A6.38 


ION  BEAM  MIXING  OF  METALLIC  MULTILAYERS.  Agnis  Traverse.  Centre 
de  Spectromdtrie  Nucleaire  et  de  Spectromitrie  de  Masse,  Bit. 
108,  91406  Campus  Orsay,  France 


Experimental  diffusion  coefficients  have  been  measured  on 
metallic  layered  samples  submitted  to  ion  irradiation  at  low 
temperature,  in  different  density  of  deposited  energy  regimes. 
The  irradiated  layers  are  chosen  with  enthalpy  of  mixing  passing 
from  positive  to  negative  values  :  Ni/Pt,  Ni/Pd,  Ni/Au  and  Ni/Ag. 
A  model  for  linear  effects  is  presented  through  an  analysis  of 
the  experimental  results  in  terms  of  ballistic  and  chemical 
mechanisms. 

A6.39 

EFFECT  OF  IMPLANTATION  CONDITIONS  ON  THE  MICROSTRUCTURE  OF 
HIGH-DOSE  OXYGEN  IMPLANTED  SILICON-ON-INSULATOR  MATERIAL. 
S.  aammaakut1.  B.F.  Cordis2,  and  S.  Krause1.  ’Depanmem  of  Chemical,  Bio  and 
Materials  Engineering,  Arizona  Slate  University,  Tempe,  A Z.;  2lbis  Technology 
Corporation.  Danvers,  MA. 

High-dose  oxygen  implantation  in  silicon,  SIMOX  (separation  by  implantation  of 
Oiygen),  is  a  promising  technique  for  producing  silicon-on-insulator  material.  Most 
studies  have  examined  SIMOX  prepared  with  a  traditional  (lower  current,  lower 
temperature)  implanter,  which  has  beam  current  densities  from  15-150  pA/cm2. 
Recently,  a  high-current  implanter  with  a  density  of  1  mA/cm2  has  been  developed  for 
commercial  SIMOX  fabrication.  This  machine  shortens  the  implantation  lime  and 
produces  structural  features  not  routinely  observed  in  samples  from  traditional  implanters. 
We  have  investigated  SIMOX  implanted  at  high-current  densities  and  are  reporting  the 
effects  of  implantation  dose,  temperature,  and  beam  current  density  on  the  structure  using 
conventional  and  high  resolution  electron  microscopy. 

Most  samples  were  implanted  to  a  dose  of  1.8  x  1011  cm'2,  at  600°C.  at  200  keV,  and 
with  the  beam  current  density  of  1  mA/cm2.  The  general  structure  of  traditional  and  high 
current  samples  is  the  same  with  a  0.3  pm  top  Si  layer,  a  0.4  pm  buried  oxide  layer,  and 
damage  zone  below  the  buried  oxide  layer.  However  the  up  Si  layer  of  the  higher  current 
samples  has  trails  of  bubbles  at  the  surface  with  no  defects,  and  large  0.1  pm  multiply 
faulted  defects  extending  outward  from  the  buried  oxide  interface.  In  the  top  Si  layer  of 
traditional  lower-current  samples,  there  are  short,  20  run,  defects  throughout  the  layer  and 
no  bubbles  are  present.  Annealing  higher-current  samples  at  1300*0  for  6  hours  results 
in  SIMOX  with  defect  density  of  only  105  cm'2  which  is  four  orders  less  than  the 
traditional  samples.  This  is  attributed  to  the  absence  of  defects  at  the  surface  irt  the  newer 
mmples.  This  effect  will  be  discussed  further. 

When  dose  was  varied  from  03  to  1.8  x  1018  cm'2  in  high  current  implanted  samples, 
the  structure  of  the  top  Si  layer  remained  similar  with  bubbles  and  long  multiple  defects 
present  for  all  doses.  When  beam  current  density  was  varied  from  1  mA/cm2  to  10 
mA/cm2  no  significant  structural  changes  occurred.  When  temperature  was  varied  from 
550  to  700°C,  a  large  increase  in  final  defect  density  occurred  for  samples  implanted  at 
550*0.  The  effects  of  these  implantation  conditions  on  defect  evolution  will  be  discussed 
further. 

A6.40 

THE  CORROSION  RESISTIVITY  OF  CERMET  COATINGS  MADE  BY 
ION  BEAM  TREATMENT.  Tian  Wei.  Author,  and  Cai  Wei- 
ping.  Wohan  Iron  and  Steel  University,  Mohan,  China. 

A  cermet  coating  was  obtained  on  a  silicon- 
deposited  pure  iron  surface  by  means  of  a  single  tre¬ 
atment  integrating  ion  implantation  and  ion  beam  mix¬ 
ing.  As  compared  with  either  sample  ion  implantation 
or  simple  ion  beam  mixing,  the  integrated  treatment 
provides  the  cermet  coating  with  an  electrochemical 
performance  far  better  than  the  siirple  treatments. 

Data  as  observed  in  the  author's  experimentation  show 
that  the  integrated  or,  the  'dual  treatment'  exhibits 
the  highest  corrosion  resistivity  in  aqueous  solutions. 

In  neutral  aqueous  solution,  the  specimen  which  has 
acquired  its  resistivity  from  the  'dual  treatment'  ex¬ 
hibits  both  a  lower  Dassivating  current  density  Ic 
?nd  a  lower  passivity-holding  current  density  Im  than 
that  of  pure  iron  by  more  than  two  orders  of  magnitude; 
and  the  former  shews  a  corrosive  current  density  lower 
than  that  of  siirple  ion  beam  mixed  specimen  by  8/9  with 
Im  and  Ic  lexuer  by  two  orders  of  magnitude.  Repeated 
volt-imetric  graph  shews  its  Ic  to  remain  lower  than 
that  of  pure  iron  after  13  sweeps,  its  Im  being  1/4  of 


that  of  pure  iron.  All  that  has  been  mentioned  above 
demonstrated  that  the  'dual  treatment'  inparts  corros¬ 
ion  resistivity  to  the  specimen  which  is  far  superior 
to  those  treated  by  other  'siirple'  treatments. 

A6.41 

INVESTIGATION  OF  OXIDE/METAL  MULTILAYERS  FOR  SOFT 
X-RAY  OPTICS  FABRICATED  BY  ION  BEAM  SPUTTERING. 

I  .Kstsoks/K.  Ito,  T.Ytnuitiu,  K.Etoh.N.Hoehl  , 

I . Yarned* , Japan  Aviation  Electronics  I ndust r v ,Ltd . 

1  - 1 ,Musssh i no  3-chons ,Ak i sh I na-ah I , Tokyo , 1 96  Japan 

Rscsntly  a  number  of  studies  of  soft  X-rey  hive 
been  msde.  We  ere  elso  i nvee t I sa t i ns  multilayers 
for  these  types  of  optics  and  have  shown  that  high 
reflectivity  can  be  obtained  by  using  oxides  or 
hydride*  for  space  layers  in  the  wavelength  rsgion 
from  2.33  nn  to  4.4  n a  because  of  these  small  ab¬ 
sorption  coefficients. 

However , prae t i oa I  I y  fabricated  multilayers  don't 
show  such  high  reflectivities  sxpected  by  calcula¬ 
tion  beosuee  of  the  roughness  of  interfaces  end 
surface*  of  multilayer. 

Then,  in  this  paper,  w*  pay  attention  mainly  to 
the  problem  of  morphology  of  SiC>2/Ni  and  B2(>3/Ni 
multilayers  fabricated  by  duel  ion  beam  sputter¬ 
ing  . 

In  the  depositing  p r ocen , oxyg an  ion*  and  argon 
ion*  were  supplied  during  the  deposition  of  oxides 
end  Nl  respectively  a*  a  parameter  of  fabrication. 

W*  discus*  the  relation  between  condition*  to 
deposit  multilayer*  and  their  properties  whioh  are 
evaluated  by  using  a  radial  distribution  analysis 
system  of  RHEED  pattern,  an  STM  and  X-r*y 
d  I  f f r act-mete r .  Furthermore  the  reflectivity  of 
multilayers  we*  evaluated  by  X-ray  reflectivity 
meter . 

A6.42 

molecular  dynamics  simulations  of  ionized  cluster  beam 

DEPOSITION.  Hompmlna  Hslnh  and  R.  S.  Averback,  Department  of 
Material*  Scienc*  and  Engineering,  University  of  Illinois.  Urbane,  IL 
61801;  end  R.  Benadek,  Argonne  National  Laboratory,  Argonna,  IL 
60430. 

Allhough  Ionized  duster  beam  deposition  appears  to  be  a  promising 
method  for  thin  film  deposition,  the  physical  processes  ol  an  energetic 
duster  containing  tana  to  hundreds  of  atoms  Impinging  on  a  surface  ere 
not  understood.  We  have  found  that  molecular  dynamics  simulation  Is  a 
powerful  technique  for  attacking  such  highly  non-homogeneous  many* 
body  problems.  In  this  InvsstlgaUon  wa  have  simulated  the  Impingement 
ol  a  due ter  oontalnlng  100  stoma  on  a  <100>  surface  of  a  fee  crystal 
using  Ltnnard  Jones  potential  and  copper  potential  from  the  embedded 
atom  method.  The  dusters  with  varying  energies  and  with  both  the  same 
and  different  lattloa  parameters  than  the  substrate  are  studied.  The 
simulations  provlds  microscopic  Information  about  spreading  of  the 
duster  over  the  surfaos,  epitaxial  relationships,  defect  production,  and 
atomic  mixing  between  the  duster  and  the  substrate. 


Work  supported  by  the  U.S.  Department  of  Energy,  Basic  Energy 
Bdencaa. 


A7.1 

ION  BEAM  MODIFICATION  OF  HIGH  Tc  SUPERCONDUCTORS. 
O.  Meyer.  J.  Geerk,  G.  Linker,  B.  Streblau,  X.X.  Xi, 
Kernforschungszentrum  Karlsruhe,  INFP,  P.O.  Box  3640,  D-7500 
Karlsruhe,  FRG 

Ion  irradiation  and  implantation  experiments  of  high 
temperature  superconductors  (HTSC)  thin  films  resulted  in 
many  interesting  effects.  Among  those  are: 

(i)  the  superlinear  increase  of  the  resistivity,  p,  with  ion  fiuence, 
<}>,  leading  to  a  metal  to  insulator  transformation, 
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(ii)  the  large  recovery  below  room  temperature  of  the 
radiation  induced  increase  of  p  (about  60%)  as  well  as  the 
recovery  of  the  decrease  of  the  transition  temperature,  Tc,  and 

(iii)  the  large  structural  changes  such  as  the  increase  of  the  c- 
axis  lattice  parameter  with  <J>,  the  radiation  induced 
orthorhombic  to  tetragonal  phase  transition,  and  the 
amorphization. 

The  Tc-depression  rate  and  the  change  of  the  critical  current 
depend  on  the  initial  state  of  the  sample  characterized  by  p,  Tc, 
the  residual  resitivity  ratio  r(pRT/p100K)  and  the  grain  boundary 
density.  In  order  to  separate  the  influence  of  percolation 
effects  from  intrinsic  effects  of  the  superconductor,  high 
quality  single  crystalline  films  have  been  used  in  irradiation 
experiments.  Displaced  oxygen  atoms  play  an  important  role 
for  the  observed  property  changes. 

The  ion  induced  metal  to  insulator  transition  is  applied  for  ion 
beam  patterning  to  fabricate  narrow  bridges  and  SQUID'S.  Low 
dose  irradiation  was  used  to  improve  tne  sensitivity  of  the 
SQUID's.  The  effectivity  of  defects  as  flux  pinning  centers  to 
enhance  the  critical  current  in  magnetic  field  is  discussed. 

A7.2 

STRUCTURE  OF  AMORPHOUS  A1,0,  PRODUCED  BY  ION  IMPLANTATION*. 

C.  J.  McHargue,  P.  S.  Sklad,  P.  Angellnl,  C.  W.  White,  and 
J.  C.  McCallum,  Oak  Ridge  National  Laboratory, 

P.0.  Box  2008,  Oak  Ridge,  TN  37831-6118. 

The  amorphous  state  can  be  produced  In  a-Al,0,  (sapphire)  by 
Ion  beam  Induced  displacements  at  77  K  or  by  displacements 
combined  with  chemical  effects  at  room  temperature. 

Progress  toward  understanding  the  amorphorlzation  process 
has  been  made  from  studies  of  short-range  order,  electronic 
charge  on  Implanted  species,  and  the  critical  concentration 
for  amorphization  at  300  K. 

Analysis  of  the  fine  structure  of  EELS  spectra  shows  the  A1-0 
first  nearest-neighbor  distances  to  be  different  for 
amorphous  A1,0,  produced  by  implantation  of  iron  and  that 
produced  by  Implantation  of  aluminum  plus  oxygen  In  the 
stoichiometric  ratio  at  77  K.  Conversion  electron  Mossbauer 
spectroscopy  has  yielded  Information  on  the  distribution  of 
Implanted  Iron  and  tin  among  various  charge  states 
(valences)  and  the  syrnetry  of  their  surroundings. 

Analytical  electron  microscopy  indicates  the  amorphous  state 
to  be  produced  at  a  critical  concentration  of  zirconium 
implanted  at  300  K. 

•Research  sponsored  by  the  Division  of  Materials  Sciences, 
U.S.  Department  of  Energy,  under  contract  DE-AC05-840R21400 
with  the  Martin  Marietta  Energy  Systems,  Inc. 


A7 . 3 

INFLUENCE  OF  ION  BEAM  MIXING  ON  THE  GROWTH  OF 
HIGH  TEMPERATURE  OXIDE  SUPERCONDUCTING  THIN 
FILM.  N.  Bordes.  A.  D.  Rollet,  M.  Cohen,  M. 
Nastasi;  Luos  Alamos  National  Laboratory,  Los 
Alamos,  NM  87545. 


The  superconducting  properties  of  high 
temperature  superconductor  thin  films  are 
dependent  on  the  quality  of  the  substrate  used 
to  grow  these  films.  In  order  to  minimize  the 
lattice  matching  between  the  superconducting 
fils  and  the  substrate,  we  have  used  a 
YBa2Cu,Oy  thin  film  deposited  on  (100)  SrTi03  as 
a  template.  The  first  film  was  prepared  by  co¬ 
evaporation  of  Y,  BaFj  and  Cu  on  (100)  SrTiO,, 
followed  by  an  anneal  in  "wet"  oxygen  at  850  C. 
This  film  showed  a  sharp  transition  at  about 
90K.  A  thicker  layer  of  about  3000  k  was  then 
deposited  on  top  of  this  first  2000  k  film, 
using  the  same  procedure.  After  the  post  anneal 
at  850  C,  the  transition  took  place  at  77K  and 
no  epitaxy  of  the  second  film  was  observed.  Ion 


beam  mixing  at  400  C,  using  400  keV  o  ions  was 
done  at  the  interface  of  the  two  films  (the 
second  one  being  not  annealed) .  After  the 
850  C  post  anneal,  the  film  displayed  an 
improved  Tc  at  90K.  Moreover,  epitaxy  was  shown 
to  take  place  from  the  interface  SrTi03-123  film 
towards  the  surface  and  was  dependent  on  the 
dose.  These  results  will  be  discussed  from  the 
data  obtained  from  high  energy  backscattering 
spectroscopy  combined  with  channeling 
experiments,  x-ray  diffraction  and  scanning 
electron  microscopy  observations. 

A7.4 

INTERACTION  BETWEEN  IMPLANTED  IONS  AND  INTRINSIC 
DEFECTS  IN  SILICA.  R.  H.  Manruder.  Belmont  College,  Nashville, 

TN;  R.  A.  Weeks,  Vanderbilt  University,  Nashville,  TN;  R.  Zuhr, 

Oak  Ridge  Laboratory,  Oak  Ridge,  TN. 

High  purity  silica  (Spectrosil)  samples  were  implanted  with  Ti, 

Cr,  Mn,  Fe  and  Cu  at  doses  ranging  from  I  x  I0'5  icns/cmz  to  5  x  lO11 
ions/cm2  at  160  KeV  and  approximately  2.6pA/cm.  Backscattering 
measurements  determined  the  concentration  of  implanted  ions  as  a 
function  of  dose  and  depth.  The  optical  absorption  extinction 
coefficient  per  ion  was  measured  from  1.8  to  6.0  eV.  In  all 
implanted  samples  there  was  an  increase  in  absorption  over 
unimplanted  samples  at  energies  >  4.6  eV.  By  visual  inspection  a 
peak  in  the  absorption  was  observed  at  -  5  eV  for  all  samples  and  in 
the  spectra  of  Mn  samples  at  5.8  eV.  The  increase  in  extinction 
coefficient  per  ion  over  an' unimplanted  sample  was  ion  specific 
with  the  absorption  of  Cu  implanted  samples  showing  the  least 
change  and  the  largest  increase  in  Cr  implanted  samples.  We 
attribute  the  absorption  at  5.0  eV  to  an  E"  center  (Bj  center). 

The  source  of  absorption  at  energies  >  5.0  eV  is  due  to  several 
sources,  one  of  which  is  E'  absorption  at  5.8  eV.  At  -  6  eV  the 
first  derivative,  dEC/dE.  where  EC  is  the  extinction  coefficient 
and  E  is  the  photon  energy,  shows  that  the  slope  is  positive  in  the 
absorptivities  of  all  samples  with  the  exception  of  those 
implanted  with  Mn  and  Cu.  This  positive  slope  indicates 
absorption  due  to  bands  with  peaks  at  energies  »  6.0  eV. 

As  the  absorption  throughout  the  spectral  range  measured  is  ion 
specific,  we  attribute  the  different  optical  properties  to 
differences  in  the  interaction  of  the  implanted  ion  with  intrinsic 
defect  centers  such  as  E"  and  E'  centers  and  to  interactions  with 
defects  with  energies  greater  than  6  eV. 

This  research  was  supported  in  part  by  NSF  Contract  *DMR-851373I 
and  in  part  by  the  Division  of  Materials  Sciences.  US  DOE  under 
contract  *DE-AC05-840R-2I400  with  Martin  Marietta  Energy 
Systems,  Inc. 

A7.5 

REFRACTIVE  INDEX  PROFILES  OF  HIGH  DOSE  Ti 
IMPLANT uu  OPTICAL  WAVEGUIDES  IN  LiNbO, . 
T.  Bremer,  FB.  Physik,  Universitat,  D-4500 
Osnabruck;  and  Ch .  Buchal .  R.  Irmscher,  Inst. 
Schicht-  und  Ionentechnik ,  KFA,  D-5170  Jiilich, 
W.  Germany 

Single  crystalline  y-cut  substrates  of  LiNbO-, 
have  been  implanted  with  ’“Ti  ions  at  200  keV  ana 
doses  up  to  4  x  10^'  cm-  .  The  implants  have  been 
performed  at  wafer  temperatures  of  77  K,  300  K 
and  620  K.  Immediate  subsequent  processing  at 
1273  K  in  wet  oxygen  ambient  led  to  good 
epitaxial  regrowth  at  all  doses,  if  sufficient 
time  was  allowed.  Channeling  and  mode 

spectroscopy  have  been  applied  to  monitor  the 
regrowth  process.  Refractive  index  profiles  have 
been  calculated  with  an  inverse  WKB  algorithm 
from  measured  dark  line  spectra.  The  maximum 
observed  extraordinary  refractive  index  change 
after  regrowth  is  Ane  «  0.04,  indicating  a 

Bolubility  limit  of  3.3  x  10,2i  Ti  cm”^, 

corresponding  to  18  %  of  Nb5+  replaced  by  Ti4  . 
Even  at  the  highest  dose,  some  influence  of 

dynamical  annealing  during  implantation  at  620  K 
is  observed,  leading  to  reduced  post-implantation 
processing  times. 
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A7.6 

OPTICAL  WAVEGUIDE  FABRICATION  BY  STOICHIOMETRIC 
IMPLANTATION  OF  Ti  AND  O  INTO  LiNbOs.  D.  B.  Poker.  Solid 
State  Division,  Oak  Ridge  National  Laboratory,'  Oak  Ridge,  TN 
37831-6057;  and  W.  Xia,  Department  of  Electrical  and  Computer 
Engineering,  University  of  California,  San  Diego,  La  Jolla,  CA  92093- 
0407. 

X-cut  substrates  of  LiNbOs  have  been  implanted  at  500°C  with  Ti 
and  O  to  doses  of  2.5  and  7.5xl017  ions /cm2,  respectively.  The 
high  substrate  temperature  during  implantation  ensures  dynamic 
recrystalliiation,  preserving  the  crystallinity  of  the  LiNbOs-  The 
stability  of  the  stoichiometric  implants  is  enhanced  sufficiently  that 
annealing  at  1000°C  proceeds  with  no  surface  degradation  of  the 
substrate.  Annealing  under  identical  conditions  without  the  0 
implant  usually  results  in  phase  separation  of  a  Ti  or  Li  oxide  at 
the  surface,  even  when  annealing  is  performed  immediately  following 
implantation.  Samples  implanted  with  Ti  and  O  to  preserve  the 
stoichiometric  metal-.oxygen  ratio  of  the  substrate  can  be  stored 
at  room  temperature  for  several  months  without  phase  separation. 
Planar  optical  waveguides  have  been  produced  by  stoichiometric 
implantation  followed  by  annealing  in  water-saturated  oxygen  for 
one  hour  at  temperatures  of  900  and  1000°C.  The  sample  annealed 
at  900°  C  supported  a  single  lossy  mode,  while  the  1000°C  sample 
supported  two  propagating  modes  and  one  lossy  mode  at  0.6  fim. 


'  Operated  by  Martin  Marietta  Energy  Systems,  Inc.  under  contract  DE- 
AC05-840R21400  for  the  U.S.  Department  of  Energy. 

A7.7 

MODIFICATION  OF  THE  WEAR  PROPERTIES  OF  DIAMOND 
USING  ION  BEAM  IRRADIATION.  Gregory  C.  Anderson 
and  Steven  Pravter.  Dept  of  Applied 
Physics/Microelectronics  and  Materials 

Technology  centre.  Royal  Melbourne  Institute  of 
Technology,  G.P.O  Box  2476V,  Melbourne.  Victoria 
3001,  AUSTRALIA. 

Recent  reports  have  suggested  that  ion 
implantation  of  diamond  may  significantly 
enhance  its  wear  resistance.  In  an  attempt  to 
reproduce  and  extend  these  results  natural 
diamond  held  at  high  temperature  (800°C)has  been 
subjected  to  implantation  with  various  ion 
species.  Scratch  and  indentation  tests  showed 
that  the  surface  of  diamond  can  indeed  be 
toughened  by  ion  beam  irradiation. 

Changes  in  the  surface  wear  characteristics  of 
the  diamond  have  been  determined  using  a  'Gatan' 
dimple  grinder.  Interferometric  analysis  of  the 
dimples  in  the  diamond  has  enabled  the 
determination  of  the  volume  of  diamond  removed 
during  grinding.  Since  it  is  possible  to  produce 
very  shallow  dimples,  this  method  is  much  more 
sensitive  to  the  ion  beam  modified  surface  than 
indentation  or  scratch  testing. 

Microstructural  at.alytical  techniques  (RBS, 
RHEED  and  Raman  Spectroscopy)  have  shown  that 
even  after  high  dose  implantation  the  diamond  is 
still  single  crystalline  and  has  not  undergone 
polycrystallisation,  graphitisation  or 

amorphisation  due  to  the  ion  irradiation. 

A7.8 

THE  EFFECT  OF  ION  INDUCED  DAMAGE  ON  THE  MECHANICAL 
PROPERTIES  OF  ZIRCONIA.  E.  L.  Fleischer.  T.  L.  Alford,  P. 
Borgcsen,  P.  Revesz,  J.  W.  Mayer,  Materials  Science  and  Engineering, 
Cornell  University,  Ithaca,  NY;  W.  Hertl,  Coming  Inc.,  Coming,  NY. 

Microhardness  measurements  were  carried  out  on  ion  implanted  single 


crystal  Y2O3  stabilized  cubic  ZrC>2.  Ions  were  implanted  up  to  fluences  of 
3xl017  ions/cm2.  Comparison  of  the  Knoop  microhardness  values  of  Z1O2 
implanted  with  various  species  over  a  range  of  fluences  showed  that  the 
principle  variable  causing  hardness  changes  for  inert  ion  implantation  is 
damage  energy  and  not  the  ion  fluence  nor  the  ion  species.  For  shallow  inert 
ion  implants,  the  hardness  versus  damage  energy  gives  a  unified  plot. 
Hardnesses  rise  with  increasing  deposited  damage  energy  to  a  value  15% 
higher  than  that  of  unimpianted  zirconia.  With  additional  damage  the 
hardness  drops  to  a  value  15%  lower  than  that  of  the  unimplanted  zirconia. 
Deep  implants  showed  similar  behavior  but  with  the  hardness  increasing 
50%  over  that  of  the  unimplanted  samples. 

Friction  and  wear  measurements  of  the  shallow  implants  in  a  pin-on-disk 
assembly  showed  very  different  behavior  for  high  dose  versus  unimplanted 
ZrOj.  The  unimplanted  samples  showed  debris  with  an  associated  rise  in 
friction.  The  implanted  system  showed  much  less  debris  and  a  constant 
value  of  friction  even  after  10,000  cycles. 

A7.9 

THE  FORMATION  OF  A  SOLID  LUBRICANT  BORON  NITRIDE  IN  B^C  BY 
ION  IMPLANTATION  AND  LASER  ANNEALING.  Robert  R.  Reeber, 
Ning  Yu*  Dept,  of  Physics  &  Astronomy,  U.  of  North  Carolina, 
Chapel  Hill,  NC  27599-3255;  Wei-Kan  Chu,  Texas  Center  for 
Superconductivity  and  Dept,  of  Physics,  U.  of  Houston, 
Houston,  TX  77204-5506;  and  Robert  P.  Kusy,  Dental  Research 
Center,  U.  of  North  Carolina,  Chapel  Hill,  NC  27599-7455. 

A  boron  nitride  (lubricant)  thin  layer  (about  750  A)  has 
been  formed  at  the  surface  of  a  B^C  substrate  by  implanting 
nitrogen  ions  at  100  keV  with  a  total  dose  of  4xl0*7  N/cnr 
followed  by  XeCl  laser  annealing.  The  composition  and  the 
profile  of  the  carbon,  boron  and  implanted  nitrogen,  in  the 
sample  at  various  sLages  of  our  experiments  were  determined 
by  Rutherford  Backscattering  (RBS).  During  XeCl  laser 
annealing  the  deeply  implanted  nitrogen  atoms  diffused  back 
to  the  surface  and  piled  up  there  with  about  50Z  of  them 
lost  from  the  surface.  XPS  measurements,  combined  with  Ar 
sputtering,  showed  that  a  large  amount  of  boron  nitride 
(more  than  702  of  the  remaining  nitrogen)  formed  near  the 
surface  region  after  laser  annealing. 

A7.10 

CRYSTALLIZATION  OF  INTRINSIC  AMORPHOUS  LAYERS 
PRODUCED  BY  STOICHIOMETRIC  IMPLANTATION  OF  A1 
AND  0  IONS  IN  a-AXIS  ORIENTED  AI2O3  SINGLE 
CRYSTALS.  W.  Zhou,  D.X.  Cao  amd  D.K.  Sood. 
Microelectronics  and  Materials  Technology  Centre,  Royal 
Melbourne  Institute  of  Technology,  124  La  Trobe  Street, 
Melbourne,  Victoria,  3000,  Australia. 

Damage  free  a-axis  oriented  single  crystals  of  a— AI2O3  were 
implanted  at  liquid  nitrogen  temperature  with  a  stoichiometric 
implant  (two  parts  A1  to  three  parts  oxygen  with  ion  energies 
adjusted  to  give  the  same  projected  range),  to  produce  an 
intrinsic  amorphous  phase  (free  of  any  impurities)  of  AI2O3. 
Implant  conditions,  identical  to  those  employed  by  White  et  al 
[1],  were  used:  Al  ions  at  90  keV  to  a  dose  of  4  x  1016  Al 
ions/cm2,  and  0  ions  at  55  keV  to  a  dose  of  6  x  10’6  O  ions/cm2 
to  produce  an  amorphous  layer  approximately  130nm  thick. 
Isothermal  annealing  was  conducted  at  temperatures  of  600,  700, 

800  and  900°C  for  up  to  24  hours  in  flowing  high  purity  dry  argon 
gas.  Rutherford  backscattering  and  channeling  (RBS-C)  and 
reflection  high  energy  electron  diffraction  (RHEED)  have  been 
employed  to  investigate  the  crystallization  behaviour. 

fhe  amorphous  phase  transforms  directly  to  a—  AI2O3  at  a  well 
defined  planar  interface  which  moves  towards  the  free  surface. 

The  interface  velocity  shows  an  Arrhenius  behaviour  with  anneal 
temperature.  An  activation  energy  of  about  0.7  eV  has  been 
determined.  These  results  are  remarkably  different  from  those 
reported  previously  [1]  for  c-axis  oriented  AI2O3  substrates. 
Substrate  orientation  will  be  shown  to  play  a  dominant  role  in 
deciding  the  mode  of  crystallization  as  well  as  the  kinetics  of 
transformation. 

(Ij  C.W.  White  et  al,  Mat.  Res.  Soc.  Symp.  Proc.  22,  337  (1986). 
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A8.1 

AMORPHOUS  TO  CRYSTALLINE  PHASE  TRANSFORMATION'S 
IN'  HIGH  DOSE  ION  IMPLANTED  SILICON 

R.P.  Thornton1,  R.G.  Ellimtn1,  Y.H.  Li1,  A.P.  Pogany1, 

E.  Nygren2  and  J.S.  Williams1^ 

1 .  Microelectronics  and  Materials  Technology  Centre, 
RM1T,  Melbourne,  3000,  Australia 

2.  Materials  Science  and  Engineering,  Ohio  State 
University,  Columbus,  Ohio,  43210,  USA 

3.  Electronic  Materials  Engineering,  RSPhysS,  ANU, 
Canberra,  2600,  Australia 

The  annealing  of  ion  implanted  amorphous  silicon  can  result  in  varied  and 
complex  crystallization  behaviour  when  the  concentration  of  the  implanted 
species  exceeds  the  equilibrium  solid  solubility  limit  in  the  crystalline 
silicon  phase.  In  this  paper,  we  present  and  compare  the  crystallisation 
behaviour  for  a  number  of  implanted  low  melting  point  group  HI,  IV  and 
V  impurities  in  silicon.  A  melt-mediated  transformation  from  amorphous 
to  fine  grain  polycrystalline  silicon  is  observed  in  preference  to  epitaxial 
crystallisation  when  the  impurity  concentration  is  nigh  and  the  annealing 
temperature  exceeds  that  of  the  elemental  melting  point  of  the  implanted 
species.  At  lower  concentrations,  competition  between  retarded  epitaxial 
growth  and  polycrystalline  formation  takes  place.  For  high  dose  Sb,  a 
solid  phase  amorphous  to  polycrystalline  transformation  occurs.  The 
activation  kinetics  of  all  of  these  processes  have  been  measured  and  data 
indicates  that  impurity  diffusivity  and  solubility  in  amorphous  silicon 
strongly  determine  the  nature  and  kinetics  of  both  epitaxy  and  nucleation 
and  growth  of  polycrystalline  silicon  during  annealing  of  high  dose 
implanted  silicon. 

A8.2 

STRESS  AND  PLASTIC  FLOW  IN  SILICON  DURING 
AMORPHIZATION  BY  ION-BOMBARDMENT.  C.  A.  Volkert, 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ. 

The  stress  in  silicon  wafers  during  ion-bombardment  was  determined 
by  wafer  curvature  measurements  using  an  in-situ  laser-scanning 
technique.  Measurements  were  made  as  a  function  of  ion  species 
(noble  gases  and  Si),  energy  (1-3  MeV),  fluence,  flux,  and  sample 
temperature  (100-400K).  In  a  typical  experiment,  compressive  stress 
was  built-up  in  the  bombarded  region  as  a  function  of  fluence,  until 
a  maximum  was  reached  at  approximately  the  dose  required  for  the 
formation  of  a  continuous  buried  amorphous  layer.  The  magnitude 
of  this  maximum  compressive  stress  (20-100  MPa)  depended 
strongly  on  the  flux.  During  further  amorphization  by  continued 
bombardment,  the  stress  decreased  and  eventually  stabilized.  If  ion 
bombardment  was  interrupted  during  amorphization,  a  stress  increase 
was  observed  over  a  period  of  several  minutes;  the  magnitude  of  this 
change  increased  with  the  amount  of  damage  in  the  silicon. 

These  changes  in  stress  are  interpreted  in  terms  of  ion  beam  induced 
defect  creation  and  motion.  The  initial  build-up  of  compressive 
stress  is  due  to  expansion  of  the  bombarded  region  by  the  creation 
of  defects  and  amorphous  material.  The  subsequent  relaxation  is 
attributed  to  plastic  flow  under  the  ion  beam.  The  stress  increase 
that  occurs  when  ion-bombardment  is  interrupted,  may  be  due  to 
redistribution  of  defects. 

A8.3 

STRUCTURAL  CHARACTERIZATION  OF  DAMAGE  IN 
Si(I00)  PRODUCED  BY  MeV  Si+-ION  IMPLANTATION  AND 
ANNEALING.*  M.  K.  El-Ghor.  O.  W.  Holland,  C.  W.  White,  and 
S.  J.  Pennycook,  Oak  Ridge  National  Laboratory,  Oak  Ridge,  TN  37831. 

Differences  in  the  damage  produced  by  implantation  of  MeV  Si+  ions  in 
silicon  single  crystals  at  room  temperature  and  liquid  nitrogen  temperature 
are  discussed.  Damage  morphology  is  characterized  structurally  both  in  the 
as-implanted  condition  and  after  post-implantation  furnace  annealing. 
During  room  temperature  irradiation,  a  buned  amorphous  layer  is  formed 
near  the  end-of-range  of  the  ions  at  moderate  doses.  The  growth  of  this 


layer  is  shown  to  occur  by  a  layer-by-layer  mechanism  with  relatively  sharp 
interfacial  transition  regions.  A  wide  region  ahead  of  the  buried  amorphous 
region  extending  to  the  surface  is  observed  to  be  free  of  any  extended 
defects.  Recrystallization  of  the  damaged  region  during  thermal  annealing 
occurs  by  solid-phase  epitaxial  growth  at  both  interfaces.  Results  of 
irradiation  at  liquid  nitrogen  temperature,  on  the  other  hand,  show  that 
nucleation  and  growth  of  the  amorphous  damage  occurs  over  a  wide  region 
and  is  not  confined  to  the  interfacia]  region.  This  results  in  a  very  diffuse 
upper  interface  composed  of  a  mixture  of  amorphous  and  crystalline  phases. 
Substantial  reordering  is  observed  in  this  mixed-phase  region  at  tempera¬ 
tures  well  below  those  required  for  annealing  of  continuous  amorphous 
layers.  Cross-sectional  transmission  electron  microscopy,  as  well  as 
Rutherford  backscattering  spectroscopy  were  used  in  this  study.  Damage 
nuclearion/growth  mechanisms  at  the  two  temperatures  responsible  for  the 
different  damage  morphologies  are  discussed.  The  detailed  microstructure 
of  the  damage  is  presented,  and  is  related  to  its  annealing  behavior. 


•Research  sponsored  by  the  Division  of  Materials  Sciences,  U.S. 
Department  of  Energy  under  contract  DE-AC05-840R21400  with  Martin 
Marietta  Energy  Systems,  Inc. 


GETTERING  OF  CU  AT  BURIED  DAMAGE  LAYERS  MADE  BY 
SI  SELF  IMPLANTATION  J.R.  Lieftine.  RJ.  Schreutelkamp,  W.X. 
Lu  and  F.W.  Saris,  FOM  Institute  for  Atomic  and  Molecular  Physics, 
Kruislaan  407, 1098  SJ  Amsterdam,  The  Netherlands 

Channeled  implants  have  been  performed  with  lOOkeV  28$j+  j„t0  p_ 
type  Si(100)  to  obtain  a  buried  amorphous  layer  with  a  thickness  of 
1400 A  underneath  a  crystalline  toplayer  of  600A  .  Full 
recrystallization  of  this  buried  amorphous  layer  leads  to  a  sharp 
buried  interface  at  the  depth  where  the  two  moving 
amorphous/crystalline  interfaces  meet.We  have  studied  the  gettering 
of  Cu  ions  before  and  after  recrystallization  of  the  buried  amorphous 
layer  as  a  function  of  temperature  and  time. 

Hie  Cu  was  implanted  at  an  energy  of  15  keV  at  a  dose  ranging  from 
5E13  to  1E15  /cm2  to  obtain  a  high  concentration  of  Cu  in  the  near 
surface  region.  After  the  Cu  implant  annealings  were  performed  at 
490,  600  and  900’C  for  10  min.  to  18  hrs.  Cu  profiles  before  and 
after  annealing  were  studied  with  Rutherford  Backscattering 
Spectrometry  and  channeling  analysis. 

It  is  shown  that,  in  case  the  Cu  is  implanted  after  recrystallization  of 
the  buried  amorphous  layer,  the  Cu  will  getter  at  the  sharp  buried 
interface.  In  case  the  Cu  is  implanted  before  recrystallization,  the  Cu 
will  diffuse  from  the  surface  towards  the  substrate  regions  and  is 
trapped  inside  the  recrystallization  buried  amorphous  layer.  Full 
recrystallization  leads  to  a  broader  buried  interface  with  a  higher 
amount  of  gettering  of  Cu  ions. 


A8.5 

ANNEALING  TEMPERATURE  DEPENDENCE  OF  THE  ELECTRICAL  ACTIVITY 
OF  HIGH-DOSE  Sb  ION  IMPLANTS  IN  (100)  SILICON.  S.N.  KUMAR. 
G.  CHAUSSENY,  A.  LAUGIER,  Laboratoire  da  Physique  da  la 
Natiire,  CNRS-358,  I.N.S.A.  Lyon,  69621  Villeurbanne;  and 
M.  CHARBONNIER,  M.  R0MAND,  Laboratoire  da  Chiaie  AppliquAe, 
CNRS— 417  and  B.  CANUT,  Laboratoire  de  Physique  das  Natir- 
iaux, University  Claude  Barnard,  69622  Villeurbanne,  France. 

The  systematica  of  electrical  activation  by  rapid  thermal 
annealing  (RTA)  of  the  40-120  keV  Sb*  implants  in  (100)  B- 
doped  silicon  is  reported.  A  series  of  Sb+  implants  (from 
2xl014  to  1.2xl016  /  ca2)  were  rapidly  annealed  for  10  a 
over  a  range  of  temperature,  from  500  to  1100  *C,  to  study 
the  implant  behavior  as  a  function  of  anneal  temperature. 
The  RBS  and  channeling  data  showed  that,  irrespective  of 
the  Ion  dose,  the  maximum  fraction  of  Sb  that  can  be  subs- 
tltutionally  incorporated  was  achieved  for  RTA  at  700  *C. 
The  compositional  depth  profiles  ware  obtained  from  XPS 
and  SIMS  analysis,  and  additional  information  about  the 
chemical  bonding  between  the  Si,  Sb  and  0  atoms  in  the 
surface  region  was  extracted  from  the  angle-resolved  X-ray 


A8.4 


34 


photoelectron  spectroscopy  (ARXPS)  data. 

Significant  differences  in  the  surface  region  composition 
between  the  Sb  implants  and  the  previously  reported  As 
implants1  are  observed.  The  Sb  3dg  line  shape  was  well 
defined  and  line  widths  considerably  smaller  for  the  700*C 
anneal  when  compared  with  those  for  the  higher  temperature 
anneals.  The  RBS,  SIMS  and  ARXPS  compositional  data  will 
be  compared  with  the  electrical  characteristics  of  the  MOS 
structures  built  on  these  samples. 

(1)  S.N.  Kumar,  G.  Chaussemy,  B.  Canut  and  A.  Laugier, 

Appl.  Phys.  Lett.  53,  2167  (198S);  Appl.  Surf.  Sc.  36 
545  (1989);  S.N.  Kuaar,  G.  Chaussemy,  P.Roura  and 
A.  Laugier,  MRS  Proc.  138  (1989). 

A8.6 

ANNEALING  BEHAVIOUR  OF  BURIED  AMORPHOUS  LAYERS 
FORMED  BY  MEV  H5|N+  IMPLANTATION  IN  SI(100);  R.J. 
Schreinelkamn1.  J.R.  Lieftingl,  W.X.  LuU,  B.X.  Zhang2,  Z.L.  Wang2 
and  F.W.  Saris' ;l-FOM  Institute  for  Atomic  and  Molecular  Physics, 
Kruislaan  407,  1098  SJ  Amsterdam,  The  Netherlands;2-Beijing  Normal 
University,  Beijing  100875,  P.R.  China 


We  have  studied  the  annealing  behaviour  of  buried  amorphous  layers 
formed  by  MeV  ion  implantation.  In  high  (MeV)  energy  ion  implantation  a 
buried  amorphous  layer  may  be  formed  in  silicon  for  a  dose  as  low  as 
1014/cm2.  In  general,  a  complex  dislocation  network  is  created  when  the 
buried  amorphous  layer  is  annealed.  Such  a  defect  layer  seems  to  have  a 
remarkably  high  thermal  stability.  The  formation  of  a  highly  defected  region 
close  to  the  dopant  profile  may  severely  limit  the  formation  of  high  quality 
heavily  doped  n+  or  p+  layers  in  silicon. 

In  this  paper  we  investigate  the  role  of  the  dopant  species  on  the  formation 
of  secondary  defects  during  annealing  of  a  buried  amorphous  layer  in 
silicon.  The  buried  amorphous  layers  were  formed  by  1.0  MeV  "5ln+ 
implantations  in  Si(100)  with  a  dose  of  1014/cm2.  By  applying  both  TEM 
and  RBS  analysis  the  formation  of  secondary  defects  and  precipitation  of 
dopant  atoms  has  been  accurately  determined  as  function  of  annealing 
temperatur.  and  time.  A  comparison  is  made  with  the  annealing  behaviour 
of  buried  amorphous  layers  formed  by  other  dopants,  like  phosphorus,  to 
account  for  the  dependence  on  dopant  species. 

A8.7 

KINETICS  AND  MICROSTRUCTURE  or  TRANSIENTLY  ANNEALED 
IMPLANTED  POLYCRYSTALLINE  SILICON  LAYERS.  J-M.C. 
England.  F.J.  Timans,  R.A.  McMahon  and  H .  Ahmad, 
Cambridge  University  Microelectronic*  Research 
Laboratory,  Science  Park,  Cambridge  CB4  4TW,  OK;  C. 
Hill,  P.D.  Augustus  and  D.R.  Boys,  Plessey  Research, 
Caswell,  Northants  MN12  8EQ,  OK. 

Microstructural  changes  occuring  during  the  early  stages 
of  rapid  thermal  annealing  of  arsenic-implanted 
polysilicon  bipolar  emitters  crucially  affect  the  final 
dopant  distribution1  and  hence  device  performance.  The 
first  stage  of  annealing  is  solid  phase  epitaxial 
regrowth  (SPE)  of  the  amorphiaed  layer.  In-situ  studies 
using  time  resolved  reflectivity,  combined  with  XTEM  of 
partly  annealed  structures,  hsve  been  used  to  determine 
the  effects  of  initial  grain  site  (100A— ) ,  amorphising 
species  (Si  or  As),  and  temperature  <(00-850*0. 
Electron  beam  heating  with  high  ramp  rates  (l(00*C/s) 
was  used  to  regrow  speciswns  at  constant  temperature  for 
ti*MS  between  0.2  and  2000s. 

The  initial  regrowth  rate  in  polyslllcon  layers  which 
had  been  pre-annealed  at  12S0*C  to  give  complete 
epitaxial  realignment  to  the  (100)  silicon  substrate  was 
5xl0>*exp(-2.71±.05eV/kT)  A/s.  This  is  within  10%  of 
the  rate  measured  on  similarly  implanted  (100) 
substrates,  showing  that  impurities  in  the  polysllioon 


were  not  significant.  Tha  rata  fell  as  the  initial 
grain  sise  was  decreased,  being  -20  times  slower  for 
100A  grains  at  620*C.  All  the  polysilicon  specimens 
showed  much  slower  regrowth  in  the  final  stages.  XTEM 
revealed  that  regrowth  is  non-planar,  and  that  the  lower 
rates  are  related  to  SPE  from  non- (100)  oriented 
regions,  either  grains  or  twins.  Quantitative  data  will 
be  presented  for  both  silicon  and  arsenic  implants. 

(1)  A. G. O'Neill,  C.Hill,  J.King,  C. Please, 

J.  Appl.  Phys.  64(1)  167  (1988) 


A8.8 

COMPARISON  OF  THE  EFFECTS  OF  N-TYPE  AND  P-TYPE 
HYDROGENIC  IMPURITY  CONCENTRATIONS  ON  THE  SOLID 
PHASE  EPITAXIAL  GROWTH  OF  AMORPHOUS  SILICON.  Young- Jin 
Jeon,  Center  for  Materials  Science  and  Engineering;  Won-Woo  Park,  Dept, 
of  Electrical  and  Computer  Engineering;  M.  F.  Becker,  Drat,  of  Electrical 
and  Computer  Engineering;  and  R.  M.  Walser.  Dept,  of  Electrical  and 
Computer  Engineering,  The  University  of  Texas,  Austin,  TX.  78712. 

The  solid  phase  epitaxial  growth  (SPEG)  rates  of  self-ion  amorphized  layers 
in  silicon  wafers  with  <100>  substrate  orientation  were  measured  previously 
by  in  situ,  high  precision,  isothermal  cw  laser  interferometry  for 
temperatures  from  450*C  to  590*C,  and  concentrations  in  the  range  5x10'* 
cm-3<N<3-4xl020  cm-3  for  boron,  phosphorous,  and  arsenic  impurities. 

At  low  impurity  concentrations  (N<4xl019  cm'3),  the  SPEG  rate  increased 
linearly  with  impurity  concentration  and  satisfied  the  equation;  V/V^l+N/N; 
where  N=B,  P,  or  As  concentrations,  Vj(T)  is  the  intrinsic  growth  rate  and 
N,(T)  is  a  temperature  dependent  quantity  obtained  from  an  activation  plot  of 
the  intersections  of  the  regrowth  data  with  the  concentration  axis.  To  within 
experimental  error,  the  activation  energies  and  pre-exponential  terms  of  the 
Nj's  for  the  three  impurities  were  found  to  be  identical.  This  clearly  supports 
the  view  that  impurity  enhanced  SPEG  is  a  purely  electronic  effect 
Surprisingly,  this  result  also  indicates  that  one-electron  and  one-hole  effects 
on  SPEG  are  ,iot  distinguishable  for  low  values  of  N. 

The  SPEG  rate  varied  quadratically  with  higher  concentrations  of  (4xl019 
cnr3<N<  -SxlO20  cm-3)  of  the  three  impurities.  The  curvatures  of  the  (V/V ;) 
vs  (N/Ni)  curves  were  also  nearly  the  same,  but  that  obtained  for  the  acceptor 
(B)  had  the  opposite  sign  of  that  obtained  for  the  donors(P,  As). 

We  interpret  the  result  to  indicate  that  processes  associated  with  localized 
hole  (electron)  pairing,  respectively  accelerate  (decelerate)  the  SPEG  rate. 


A8.9 

COMPARISON  OF  MeV  AND  keV  ION  DAMAGE  IN  GaAs 
5  T  Johnson'.  J.S.  Williams1,2  and  R.G.  Elliman1 

1 .  Microelectronics  and  Materials  Technology 
Centre,  RMJT,  Melbourne,  3000,  Australia 

2.  Electronic  Materials  Engineering,  RSPhysS, 

ANU,  Canberra,  2601,  Australia 

The  resultant  damage  to  GaAs  from  ,n  bombardment  depends  on  the 
competition  between  defect  product;  i  and  dynamic  (defect)  annealing. 
Implantation  parameters  which  have  the  dominant  influence  on  damage 
production  are  ion  mass,  energy  and  dose.  These  give  the  deposited 
energy  density  about  ion  tracks  and  the  integrated  energy  deposition. 
Additional  parameters  which  influence  dynamic  annealing  processes  are 
ion  dose  rate  and  substrate  temperature  during  implantation.  In  this 
paper,  the  nature  and  extent  of  MeV  and  keV  ion  damage  in  GaAs  are 
compared  as  a  function  of  ion  mass,  dose  rate  and  temperature,  using  time 
resolved  reflectivity,  ion  channeling  and  transmission  electron  microscopy 
techniques.  In  particular,  the  threshold  conditions  for  amorphous  phase 
production  are  measured  and  compared  with  various  models. 


A8.10 

IN  SITU  CRYSTALLIZATION  STUDY  OF  Kr  ION  AMORPHIZED  Ge 
BY  THERMAL  ANNEALING  WITH  TEM*  Lu-Min  Wang.  Robert  C. 
Birtcher  and  Lynn  E.  Rehn,  Materials  Science  Division,  Argonne  National 
Laboratory,  Argonne,  IL  60439 

The  structural  and  morphological  changes  of  Ge  under  1.5  MeV  Kr*  ion 
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irradiation  at  room  temperature  have  been  studied  by  in  situ  TEM. 
Amorphizarion  in  Ge  was  detectable  after  a  Kr+  dose  of  8.5xl012  ions/cm2, 
and  was  achieved  after  1.2xl014  ions/cm2.  A  high  density  of  small  void¬ 
like  cavities,  observed  in  the  amorphous  phase  after  7xl014  ions/cm2,  grew 
into  large  holes  transforming  the  irradiated  Ge  into  a  sponge-like  porous 
material  at  a  dose  of  8.5xl015  ions/cm2. 

In  this  study,  thermal  annealing  of  1.5  MeV  Kr4  ion  amorphized  Ge  was 
carried  out  with  TEM.  Effects  of  ion  dose  and  the  morphology  of  the 
amorphous  phase  on  crystallization  have  been  studied.  The  variation  of  the 
temperature  at  which  crystallization  is  complete,  Tc,y,  has  been  found  to 
have  three  Kr+  dose  regimes.  In  the  partially  amorphized  Ge,  Toy  increased 
with  ion  dose  from  225°C  to  400°C  at  1.2xl014  ions/cm2,  where 
amorphization  was  complete.  Between  1.2xl014  ions/cm2  and  lxlO15 
ions/cm2,  Tciy  was  constant  within  experimental  uncertainty.  In  the  third 
dose  regime  where  large  cavities  have  formed,  Toy  increased  with  ion  dose. 
The  sponge-like  structure  did  not  crystallize  until  the  temperature  reached 
600°C.  During  annealing,  the  small  cavities  (3-10  nm  in  diameter)  in  the 
samples  irradiated  to  0.7-3xl015  ions/cm2  were  expelled  by  the  crystal 
growth  front,  and  they  coalesced  into  a  few  large  holes.  However,  the 
sponge-like  structure  of  the  samples  irradiated  to  higher  doses  (2  8.5xl0IS 
ions/cm2)  remained  nearly  unchanged  after  crystallization.  The  kinetics  of 
crystallization  in  the  three  different  dose  regimes  will  be  discussed. 

•Work  supported  by  the  U.S.  Department  of  Energy,  BES-Materials 
Sciences,  under  Contract  W-31-109-Eng-38. 

A8.il 

ION  IMPLANT  ACTIVATION  AND  REDISTRIBUTION  IN 
AljGaj-, As.  S.  J.  Pearton,  W.  S.  Hobson  and  A.  E.  Von  Neida, 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ;  N.  M.  Haegel,  UCLA, 
Los  Angeles,  CA;  K.  S.  Jones,  University  of  Florida,  Gainesville, 
FL;  N.  Morris  and  B.  J.  Sealy,  University  of  Surrey,  UK. 

The  electrical  activation  characteristics  of  implanted  Be,  Mg, 
Si  and  S  in  Al1Ga1_,As  (x  =  0  -  1)  were  investigated  as  a 
function  of  ion  dose  for  rapid  annealing  in  the  range  600-950*C. 
The  apparent  activation  energy  for  electrical  activity  of  these 
species  increases  with  increasing  AlAs  mole  fraction.  For  Be  this 
activation  energy  is  0.35  eV  for  GaAs  and  0.49  eV  for 
Alo.54Gao.46As.  Self-compensation  is  the  predominant  limiting 
mechanism  for  Si  activation,  as  determined  by  the  relative  PL 
intensities  of  the  Sic.-to-Si^  related  transitions.  No  significant 
redistribution  of  implanted  Si  is  observed  for  any  AlAs  mole 
fraction  for  RTA  up  to  900*C  (5  sec)  whereas  S  shows  motion 
into  the  AlGaAs  and  no  tendency  to  outdiffuse.  By  contrast,  both 
Be  and  Mg  display  loss  of  the  dopant  to  the  surface  and  little 
redistribution  toward  the  bulk.  Minimal  damage  is  observed  by 
TEM  in  as-implanted  AlGaAs  for  Be  or  Si  doses  below  the 
amorphization  threshold. 

A8.12 

DOPANT  SITE  LOCATION  IN  DU  ALIM  PLANTED  GaP  USING 
DEPTH  OSCILLATION'S  OF  (111)  PLANAR  CHANNELING  TECH¬ 
NIQUE  N  R  Parikh.  C  T  Kao,  D  R.  Lee,  J.  Muse,  M.  L  Swan¬ 
son,  Dept  of  Physics  and  Astronomy,  University  of  North  Carolina, 
Chapel  Hill,  NC  27599-3255.  and  T  E  Haynes,  Oak  Ridge  National 
Laboratory,  Oak  Ridge,  TN  37831-6048  ' 

Previous  studies  have  indicated  that  dual  implantation  can  efficiently 
introduce  group  IV  dopants  onto  selected  sublattice  sites  and  enhance 
electrical  activation  in  ill-V  compound  semiconductors.  We  have  stud- 
ted  this  phenomenon  using  Rutherford  backscattering  spectrometry  to 
determine  the  lattice  location  of  as-implanled  Sn  atoms  in  GaP  We 
used  single  crystals  of  GaPflttO)  which  had  been  dual-implanted  with 
1 Sn4  following  pre-implantation  of  either  0,Ga4  or  3,P4  at  4UU'C.  En¬ 
ergies  were  selected  for  equivalent  projected  ranges,  and  all  species  were 
implanted  with  doses  of  1  >  10l!  ions 'em*  The  asymmetry  in  the  angu¬ 
lar  dependence  of  the  backscattering  yield  depth  oscillations  near  the 
{111}  planar  channel  was  used  to  determine  the  sublattice  site  for  the 


implanted  Sn.  Preliminary  results  have  suggested  that  the  as-implanted 
Sn  is  predominantly  on  substitutional  Ga  sites  after  pre-implantation 
of  either.  Ga  or  P. 


1  Research  sponsored  by  the  Division  of  Materials  Sciences.  U.S  De¬ 
partment  of  Energy  under  contract  DE-AC05-840R21400  with  Mar¬ 
tin  Marietta  Energy  Systems.  Inc. 

A9 . 1 

1N-S3TU  STUDY  OF  RADIATION  DAMAGE  IN  V,0.  INDUCED  BY 
LOW  ENERGY  ELECTRONS,  Hanjie  Fan,  Rebecca  A:  .  ar.d 
Laurence  D.  Marks,  Department  of  Materials  Scier.ce 
and  Engineering,  Northwestern  University,  Evanst.fr., 

1L  60208 

Radiation  damage  induced  by  low  energy,  low  flux 
electrons  has  been  studied  by  UHV-HREM.  it  is 
observed  that  irradiation  by  a  lOOeV  electron  beam 
at  a  flux  of  10pA  for  about  15min.  induced  changes 
only  in  the  surface  layer  with  a  thickness  that 
correlates  to  the  electron  mean  free  path.  The 
surface  damage  follows  the  reduction  route  of, 

crystalline  V,Os - >  amorphous,  coupled  with  an 

ordered  structure  of  oxygen  vacancies.  It  is  found 
that  under  irradiation  of  a  3keV  electron  beam  at 
a  flux  of  50viA  for  about  30min.,  the  VjO,  surface 
transformed  into  a  crystalline  V,Ou  phase.  These 
observations  suggest  that  desorption  of  oxygen  from 
the  surface  and  diffusion  of  oxygen  to  the  surface 
from  the  bulk  are  two  competing  processes.  Under 
low  energy,  low  flux  electron  irradiation,  oxygens 
desorb  from  the  surface  with  a  substantial  faster 
rate  than  oxygens  diffuse  to  the  surface  from  the 
bulk,  resulting  a  highly  defect-containing  surface 
which  collapses  into  an  amorphous  phase.  However, 
these  two  processes  take  place  at  a  compatible  rate 
under  higher  energy,  higher  flux  electron 
irradiation,  allowing  formations  of  critical  v,oJ3 
nuclei  which  will  grow  upon  further  irradiation. 

A9.2 

As  AND  B  ION  IMPLANTATION  THROUGH  Mo  AND 
INTO  Mo-SILICIDE  LAYERS  FOR  SHALLOW  JUNCTION 
FORMATION.  R.Angelucci.  M.Merli,  S.SoImi,  A-Armigliato, 
R.Fabbri,  E.Gabilli,  and  A.Poggi,  CNR  -  Istituto  LAMEL,  Via 
Castagnoli  1, 40126  Bologna,  Italy 

Dopant  ion  implantation  through  refractory  metal  (ITM)  filmB 
ana  implantation  in  silicide  layers  have  been  investigated  as  a 
viable  approach  to  shallow  junctions  formation  for  VLSI 
applications. 

As  and  B  have  been  implanted  through  40  nm  e-gun  evaporated 
Mo  and  into  100  nm  thick  MoSi2  layer,  obtained  by  RTA  at 
700°C,  60  s  in  nitrogen,  to  fabricate  n+/p  and  p+/n  circular 
diodes  and  test  pattern  for  conctact  resistivity  measurements. 
Post  implantation  annealing  at  1000°C,  10  s  and  1100°C,  2  s 
complete  the  fabrication  process. 

Measurements  performed  on  diodes  show  a  sensitivity  of  the 
junction  characteristics  to  the  fabrication  process.  In  particular, 
the  lowest  values  of  leakage  current,  of  the  order  of  1  nA/cm2  at 
-1  V,  are  obtained  for  the  implantation  into  silicide.  Dopant 
distribution,  measured  by  SIMS,  and  carrier  concentration 
profiles,  determined  by  incremental  sheet  resistance  and  Hall 
effect  measurements,  show  a  junction  depth  and  a  sheet 
resistivity  of  130  nm  and  26  12/ o  for  As  and  170  nm  and  30  O/o 
foT  B  after  RTA  at  1000SCI  10  s.  No  significant  differences  can 
be  observed  from  the  above  mentioned  carrier  and  dopant 
profiles  for  the  two  different  junction  formation  procedures.  The 
worst  reverse  current  values  for  the  ITM  technology  could  be 
related  to  a  different  generation  and  evolution  of  the 
implantation  damage.  Electron  microscopy  observations  and 
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Doable  crystal  X-ray  analysis  are  in  progress  to  correlate 
residual  damage  and  leakage  current  The  electrical  activity  of 
the  deep  levels,  possibly  introduced  by  the  fabrication  process,  is 
being  measured  oy  Deep  Level  Transient  Spectroscopy. 


A9.3 

characterization  of  n  and  b  implanted  fused  silica. 

G  .  W .  Arnold  and  R.K.  Brow,  Sandla  National 
Laboratories,  Albuquerque,  NM. 

The  formation  of  waveguides  in  glass  by  ion 
inplantation  is  an  attractive  neans  for  processing 
optical  information  in  devices  made  by  hybrid 
optoelectronic  planar  technology.  Implanted  species 
which  are  incorporated  into  the  glass  structure,  such 
as  B  and  N,  result  in  greater  index  changes  than  are 
possible  for  ions  producing  changes  through  damage 
(compaction)  alone.  We  have  applied  ion-beam  analysis 
and  XPS  to  the  compositional  and  chemical 
characterization  of  50  keV  1  x  1017  B  and  N/cm2 
implants  into  fused  silicA  and  have  found  clear 
evidence  (XPS)  for  the  formation  of  B2O3  and  Si- 
oxynitride.  The  N  implanted  samples  exhibit  two  XPS 
peaks  with  -50*  of  the  N  having  a  higher  binding 
energy- -which  may  be  characteristic  of  unreacted 
N--than  that  for  the  SlOxNy  peak.  An  Implant  of  1  x 
1017  95  keV  Si/cm2  or  1  x  10l7  120  keV  Ar/cm7 
eliminates  the  unreacted  N  peak  and  results  in  a  single 
Si -oxynitride  distribution  which  has  a  much  greater  N 
intensity  than  that  for  the  combined  original  2-peak 
distribution.  Changes  in  the  S12p  spectra  are 
consistent  with  the  formation  of  an  oxynitride  layer. 
This  result  suggests  that  N  precipitates  formed  at  high 
ion  fluences  may  be  easily  and  efficiently  incorporated 
into  the  modified  glass  structure  and  has  important 
technological  implications  for  the  use  of  ion- 
implantation  for  optoelectronic  purposes. 

This  work  performed  at  Sandla  National  Laboratories 
supported  by  the  U.S.  Department  of  Energy  under 
contract  number  DE-AC04-76DP00789. 


A9.4 

Excimcr  Laser  Induced  Crystallization  of  Amorphous  Silicon  Near 
Threshold .  R.Z.  Bachracn.  K.  Winer,  J.B.  Boyce,  F.  Ponce,  S.  E. 
Ready,  R.  I.  Johnson,  and  G.B.  Anderson,  Xerox  Palo  Alto 
Research  Center,  3333  Coyote  Hill  Road,  Palo  Alto  Ca.,  94304. 

Experiments  have  revealed  the  near-threshold  crystallization 
behavior  of  excimer  laser  irradiated  thin  amorphous  silicon  films 
deposited  by  plasma  CVD  (a-Si:H)  and  by  LPCVD  (a-Si).  The 
intense,  pulsed  UV  produced  by  the  laser  is  highly  absorbed  by 
the  thin  amorphous  material.  TEM  results  indicate  that 
crystallites  nucleate  in  the  surface  region  and  X-ray  analysis 
shows  that  the  crystallites  are  randomly  oriented.  Following 
laser  irradiation  crystallites  are  produced  whose  structure  and 
electrical  characteristics  vary  according  to  starting  materia)  and 
laser  scan  parameters.  Experiments  relating  crystallite  grain  size 
to  other  properties  and  characterizing  the  crystallized  films 
using  x-ray  diffraction,  Raman  scattering,  TIM,  transport  and 
other  measurements  will  be  described.  Investigation  of  grain 
growth  in  crystallized  a-Si:H  and  a-Si  has  shown  the  basic 
crystallization  proem  exhibits  a  sharp  threshold  and  increases  as 
the  square  root  of  the  laser  energy  density  above  threshold. 
Poor  control  of  the  laser  beam  can  mask  the  threshold 
phenomena.  Various  dependences  on  material  parameters  such 
as  doping  and  implanted  Si  concentration  were  also  determined. 
Hydrogen  is  released  from  the  film  at  a  lower  laser  energy 
density  than  the  onset  of  crystallization.  Associated  with  the 
onset  of  crystallization  is  a  sharp  conductivity  activation 
threshold  phenomenon.  TEM  studies  have  identified  that  the 
threshold  behavior  of  the  crystallization  process  results  in 
spatially  abrupt  interfaces  between  crystalline  and  amorphous 
material.  Transient  conductivity  and  absorption  experiments 
investigating  the  kinetics  of  crystallization  will  also  be 
presented. 


A9.A 

ELECTRON  BEAM  INDUCED  RADIATION  DAMAGE  IN  SUPERCONDUCTORS. 
s  Ra*u.  T.  Roy,  T.  E.  Mitchell  and  M.  Nastasi;  Los  Alamos  National 
Laboratory,  Los  Alamos.  NM  87545. 

Hioh  temperature  superconductors  can  be  subjected  to  high  energy 
radiation  in  certain  potential  applications.  It  has  been  demonstrated 
that  electron  beam  radiation  of  superconducting  samples  in  a 
transmission  electron  microscope  can  displace  oxygen  atoms  in  the 
lattice.  This  causes  disordering  of  vacancies  in  the  oxygen  sublattice, 
leading  to  the  orthorhombic  to  tetragonal  transformation.  This 
disordering  can  be  monitored  by  changes  in  the  b/a  ratio.  In  some  cases, 
prolonged  radiation  in  the  electron  microscope  has  been  known  to  cause 
oxygen  loss  and  subsequent  reordering  of  the  Cu-0  planes.  In  this  study, 
the  interaction  of  an  electron  beam  with  has  been 

investigated  as  a  function  of  electron  energy,  beam  current,  irradiation 
time  and  sample  temperature. 

A9.6 

DUAL  IMPLANTATION  OF  Tt  ANO  C  INTO  SINTIRED  a-SiC  AND 

HOT  PRESSED  Si3N4.*  R,  S.  Bhattacharya.  A.  K.  Rai, 

and  D.  Patrizio,  Universal  Energy  Systems,  Inc.,  4401 
Dayton-Xenia  Road,  Dayton,  OH. 

Ion  Implantation  can  be  used  to  modify  the  near  surface 
properties  such  as  friction,  wear,  surface  hardness  and 
toughness  of  structural  ceramics.  Sintered  a-SIC  and 

hot  pressed  Si3N4  are  known  to  amorphize  under  ion 

implantation  resulting  in  softening  of  the  surface  layer. 
Thus,  for  improving  surface  hardness,  toughness,  friction 
and  wear  properties  of  these  ceramics,  dual  implantations 
of  appropriate  elements  are  necessary  to  form  hard  second 
phases  upon  annealing  induced  recrystallization  of  the 

amorphous  layer  and  chemical  Interaction  of  the  implanted 
species.  Dual  implantations  of  T1+  and  C+  at  energies 
of  175  keV  and  50  keV  respectively  and  at  a  dose  of 
lx1017  cm-2  for  each  species  have  been  performed  into 

both  SIC  and  Si3N4  substrates.  The  Implanted  samples 
were  annealed  at  1200*C  for  2  hours  In  high  vacuum 
(~1xT0"6  torr)  by  placing  them  in  Ta  box.  Rutherford 
baekscatterlng  analysis  showed  that  no  oxidation  occurred 
during  annealing  and  Ti  diffused  outward  toward  the 

surface  in  both  SIC  and  Si3N4.  Cross  section  TEM 
analysis  revealed  the  formation  of  TIC  precipitates  in 

both  SiC  and  Si3N4.  A  comparison  of  these  results 
with  that  of  single  Ti  implantation  will  be  presented. 

*  This  work  was  supported  by  the  DOE,  ECUT  under  Contract 
DE-AC05-B40R21400  with  Martin  Marietta  Energy 
Systems,  Inc. 

A9.7 

X-RAY  AND  RAMAN  TOPOGRAPHIC  STUDIES  OF  Si-ION 
IMPLANTED,  PULSED-LASER-ANNEALED  GaAs.  R.C. 
Bowman.  Jr,  P.  Adams,  J.T.  Knudsen,  Aerospace  Corp.,  Los 
Angeles,  CA,  H.D.  Yao*  and  A.D.  Compaan,  University  of 
Toledo,  Toledo,  OH. 

The  lattice  reconstruction  of  pulsed  laser  annealed.  Si-ion 
implanted  GaAs  has  been  studied  by  both  x-ray  double  crystal 
topography  and  Raman  topography.  The  x-ray  rocking 
curves  show,  for  an  implant  dose  of  ZX1014/cm2,  a  maximum 
implantation-induced  lattice  dilation  of  0.38%.  At  the  center 
of  the  laser  annealed  spot  for  a  pulse  energy  typically  of  0.6 
J/cm2,  the  lattice  strain  is  almost  completely  removed. 
However,  concentric  bands  of  reduced  strain  or  a  tilted  lattice 
are  observed  surrounding  the  central  annealed  area.  These 
characteristic  bands  are  observed  in  regions  where  the  pulsed 
laser  energy  density  is  in  the  range  of  0.1 -0.2  J/cm2.  The 
Raman  topographs  were  obtained  by  raster  scanning  the 
sample  with  the  spectrometer  fixed  at  either  the  TO  phonon 
frequency,  LO  frequency,  or  the  amorphous  band. 
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Correlation  of  the  Raman  results  with  the  x-ray  topogTaphs 
how  that  the  concentric  bands  correspond  to  the  region  in 
which  some  melting  has  occurred  but  epitaxial  regrowth  has 
not  occurred  since  the  melt  front  has  not  penetrated  to  the 
undamaged  substrate.  Further  results  obtained  on  higher 
dose  Si  implants  up  to  SXIO'V  cm1  will  also  be  discussed. 

*  Present  address:  Center  for  Microelectronic  and  Optical 
Materials  Research,  University  of  Nebraska,  Lincoln,  NE. 

A9.8 

SURFACE  REACTIONS  OF  NiO  AND  CoO  IN  THE  ELECTRON 
MICROSCOPE  ENVIRONMENT.  Mary  I  Bucket!  and  L.  D.  Marks, 
Department  of  Materials  Science  and  Engineering,  Northwestern 
University,  Evanston,  IL  60208. 

NiO  and  CoO  surfaces  react  to  form  their  respective  Ni304  and 
C03O4  spinel  phases  during  irradiation  in  the  electron  microscope 
at  a  vacuum  level  of  10*7  Torr,  but  not  at  10-10  Torr.  Spinel 
formation  occurring  on  (001),  (110),  and  (111)  profile  surfaces  of 
NiO  and  CoO  have  been  examined  in  detail  by  through-focal 
series  comparison  of  HREM  experimental  images  with  multislice 
image  calculations.  NiO  surfaces  tend  to  form  (111)  facets  when 
exposed  to  the  electron  beam.  Spinel  formation  is  observed  to 
nucleate  preferentially  at  faceted  (111)  surfaces  and  at  surface 
defects.  Propagation  into  the  bulk  follows  diffusion-controlled 
behavior.  Once  formed,  Ni304  (001)  and  (110)  surfaces  appear  to 
be  stable  in  the  electron  beam.  In  contrast,  the  Ni304  (111) 
surface  is  seen  to  undergo  dynamic  reaction  which  reverts  the 
surface  1  to  2  monolayers  back  to  NiO.  Ni304  spinel  formation  is 
reversible;  the  original  NiO  structure  reappears  with  the  beam 
removed.  In  CoO,  faceting  is  not  observed  during  electron  irradia¬ 
tion.  The  spinel  phase  nucleates  uniformly  on  all  exposed  (001), 
(110),  and  (HI)  surfaces.  Unlike  the  case  for  NiO,  C03O4  spinel 
formation  from  CoO  is  irreversible. 

In  both  cases,  the  surface-initiated  formation  of  spinel  phase 
appears  to  be  a  direct  result  of  interaction  between  the  sample 
••tiif.i  n  and  Sorbed  species  from  the  microscope  environment.  It 
is  also  strongly  dependent  on  the  incident  electron  flux,  but  not 
energy,  which  suggests  an  electron-stimulated  reaction 
mechanism. 

A9.9 

SUBNANOSECOND  TIME-RESOLVED  ELECTRON 
DIFFRACTION  FROM  THIN  CRYSTALLINE  GOLD 
FILMS.  Hsiu-Chenu  Chen.*  Gerard  Mourou,"''  and  Robert 
Knox,*  Laboratory  for  Laser  Energetics,  University  of 
Rochester,  250  East  River  Road,  Rochester,  New  York 
14623-1299 

A  100-ps  and  25.5-keV  electron  pulse  was  used  to  probe  a 
25-nm  thick  gold  single  crystal  irradiated  by  a  synchronized 
infrared  optical  pulse.  The  time-resolved  changes  in 
electron  diffraction  intensity  following  laser  heating  were 
interpreted  in  terms  of  temperature  changes  on  a 
subnanosecond  scale.  An  observed  oscillatory  behavior  is 
believed  to  arise  from  the  relaxation  of  a  crystal  lattice 
distortion  in  the  surface  region  associated  with  surface 
plasmon  generation.  The  relaxation  of  the  surface  layers  of 
atoms  appears  to  give  rise  to  an  oscillation  in  time  of  the 
scattered  electron  intensity.  A  preliminary  theoretical 
interpretation  is  given  using  a  modified  Debye-Waller 
method. 

•Also  at:  Department  of  Physics  and  Astronomy,  University  of 
Rochester,  Rochester,  New  York  14627-0011. 
t Present  address:  Department  of  Electrical  Engineering  and  Computer 


Science(EECS),  University  of  Michigan,  Room  1116A,  1301  Beal 
Avenue,  Ann  Arbor,  Michigan  48109-2122. 

Acknowledgement:  This  work  was  supported  by  the  Sponsors  of  the 
ijn'u-  Fusion  Feasibility  Project  at  the  Laboratory  for  Laser  Energetics. 
This  work  was  also  supported  by  the  U.S.  Air  Force  under  contract 
F49620-87-C-00 1 6. 

A9.10 

IRRADIATION  INDUCED  METASTAHLE  PHASE  FORMATION 
IN  AMORPHOUS  THIN  FILMS  DEPOSITED  BY  MAGNETRON 
COSRITTERING.  Qlng-Mlng  Chen.  Huazhong  University 
of  Science  and  Technology,  Wuhan,  China;  Yu-Dlan 
Fan  and  Heng-De  Li,  Tsinghua  University,  Beijing, 
China. 

Irradiation  induced  metastable  phases  in  the 
amorphous  thin  Al-Fe,  Al-Nl  and  Al-Co  films  have 
been  studied  in  detail.  The  amorphous  thin  films 
were  deposited  by  magnetron  coeputtering  onto  the 
substrates  which  were  kept  at  the  liquid-nitrogen 
temperature.  The  composition  of  the  samples  in  a 
total  length  of  200  mm  spans  the  whole  range  of 
each  binary  phase  diagram.  The  compositions  and 
structures  of  the  as-deposited  thin  films  were 
determined  by  Rutherford  baekecattering  analysis 
and  by  transmission  electron  microscopy.  Then  the 
amorphisation  range  of  each  system  was  confirmed. 

The  amorphous  samples  of  these  three  systems  were 
irradiated  with  300  keV  Xenon  ions  to  some  four 
doses  with  the  ion  flux  being  less  than  ipA/cm2. 
After  irradiation,  all  the  samples  were  examined 
by  transmission  electron  microscopy  to  detect  the 
ion  induced  structures.  The  electron  diffraction 
patterns  of  some  irradiated  samples  revealed  that 
crystalline  structural  phase  transition  took 
place  in  the  BampleB  and  some  non-equilibrium 
phases  have  been  formed. 

Finally,  some  phenomena  in  the  structural  phase 
transition  have  been  discussed. 


A9.li 

CONDENSATION  <>l  Ill.TKAI  INK  SILICA  I  ROM  A  LASER- 
INDUCED  FLUME.  Gan-Moog  Chow*  and  Peter  R.  Strutt,  U-136 
Institute  of  Materials  Science,  the  University  of  Connecticut,  Stores,  CT 
06269. 

A  study  of  rapid  condensation  of  silica  from  a  plume  produced  by  the 
interaction  of  a  continuous-wave  carbon  dioxide  laser  beam  with  a  ceramic 
target  is  presented.  This  process  occurred  in  a  reactive  mixture  gas 
environment  (98.5%  hydrogen,  1.5%  methane).  A  heated  tungsten  filament 
was  also  placed  in  the  proximity  of  the  laser  beam  -  material  interaction 
zone.  Silica  deposited  on  a  Ni  alloy  substrate  exhibited  different  metastable 
morphologies,  namely,  nanometer-size  amorphous  fibers  or  linear-chain 
shape  aggregates.  There  appeared  to  be  a  correlation  between  the 
morphology  of  the  deposits  and  the  position  of  the  heated  tungsten  filament. 
When  the  tungsten  filament  was  absent,  silica  was  deposited  in  the  form  of 
clusters.  In  this  case,  depending  on  the  beam-ceramic  target  interaction 
times,  there  was  a  shift  in  the  Si-0  stretching  vibration  characteristics. 
Sintering  of  these  deposits  was  also  observed  at  a  hotter  region  on  the 
substrate  surface.  It  is  proposed  that  chemical  vapor  transport  reactions 
involving  the  heated  tungsten  filament  affected  the  final  morphology  of  the 
condensed  silica.  Mechanisms  controlling  the  agglomeration  of  condensed 
silica  are  also  discussed.  Characterization  techniques  involved  FT1R,  X-ray 
diffraction,  Auger  and  microprobe  analysis,  EDX  and  WDX  analysis,  SEM 
and  TEM. 

*  Currently  at  Composites  and  Ceramics  Branch.  Code  6371,  Naval  Research  Laboratory. 
Washington,  D  C.  20375. 
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A9.12 

LASER  VAPORIZATION  AND  DEPOSITION  OF  LEAD 
ZIRCONATE  TITANATE.  Peter  K.  Schenck,  Lawrence  P.  Cook. 
Jiarong  Zhao',  John  W.  Hastie,  Edward  N.  Farabaugh,  Chwan-Kang 
Chiang  and  Mark  D.  Vaudin,  National  Institute  of  Standards  and 
Technology,  Gaithersburg,  MD;  and  Philip  S.  Brody,  Harry  Diamond 
Laboratories,  Adelphi,  MD. 

Laser  induced  vaporization  of  ceramic  and  refractory  materials 
shows  promise  as  a  technique  for  the  deposition  of  thin  films  of 
these  materials.  Critical  to  the  utility  of  this  technique  is  an 
understanding  of  the  laser  material  interaction,  plume  formation  and 
dynamics,  material  transport  and  how  variations  in  the  vaporization 
conditions  effect  the  deposited  film.  Lead  zirconate  titanate  (PZT, 
Zr/Ti~50/50)  targets  were  irradiated  using  a  q-switched  NdYAG 
laser  (10ns,  lOOmJ  at  1.064  >im).  The  deposition  chamber  was 
maintained  at  a  pressure  of  100  mTorr  oxygen.  Material  from  the 
plume  was  collected  on  single-crystal  MgO  substrates,  suspended  1.0 
-  2.0  cm  above  the  target.  The  as-deposited  films  are  being 
characterized  by  SEM/EDX,  TEM,  ESCA,  x-ray  diffraction  and 
electrical  measurements  prior  to  and  after  annealing. 

Temporally  and  spatially  resolved  spectra  of  the  light  emitted  by  the 
laser-generated  plume  were  obtained  with  an  optical  multichannel 
analyzer  (OMA)  to  yield  information  on  the  plume  generation  and 
chemistry  of  the  deposition  process.  These  spectra  indicate  that 
under  these  conditions  a  plasma  is  created  above  the  target  surface 
which  persists  for  —100  ns  after  the  laser  pulse. 

1  Guest  Scientist,  Chinese  Academy  of  Science,  Beijing,  Peoples 
Republic  of  China. 

A9.13 

PHOSPHORUS  IMPLANTATION  OF  304L  STAINLESS  STEEL.  E 
C.  Cooney  and  D.  1.  Potter.  Metallurgy  Department,  School  of  Engi¬ 
neering,  Institute  of  Materials  Science,  The  University  of  Connecticut, 
Storrs,  CT.  USA  06269-3136;  N.  L.  Lee  and  G.  B.  Fisher,  Physical 
Chemistry  Department.  General  Motors  Research  Laboratories.  Warren, 
ML  USA  48090-9055. 

Electropolished  304L  stainless  steel  specimens  were  implanted  near  room 
temperature  with  175  keV  phosphorus  ions  to  fluences  from 
0.24  x  10”  P+/CTT)3  to  4.0  x  10”  P^/cm1.  Microstructural  characterization 
of  the  samples  with  an  analytical  electron  microscope  revealed  an  FCC 
to  BCC  transformation  at  fluences  near  1.0  x  10'1  P^/cm2,  followed  by 
amorphous  phase  formation  at  3.5  x  10”  P^/cm1.  Precipitation  of  a 
hexagonal  phase,  indexed  as  Fe,P,  from  the  amorphous  matrix  occurred 
at  fluences  of  3.75  x  10”  PVcm3.  Anodic  polarization  measurements 
performed  on  specimens  implanted  to  3.5  x  10”  P*7cm2  to  generate 
amorphous  phase  showed  no  significant  decrease  in  the  critical  anodic 
current  density  as  compared  to  unimplanted  304L  stainless  steel.  How¬ 
ever,  pitting  corrosion  was  not  seen  on  implanted  specimens,  whereas 
unimplanted  specimens  showed  extensive  pitting  stuck. 

A9.14 

DENSITY  OF  AMORPHIZED  SILICON  AND  ITS  CORRELATION 
WITH  STRUCTURE  J.  S.  Custer  and  Michael  O.  Thompson,  Cornell 
University.  Ithaca.  NY;  J.  M.  Poate  and  D.  C.  Jacobson.  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ;  S.  Roorda  and  W.  C.  Stnke,  FOM 
Institute  for  Atomic  and  Molecular  Physics,  Amsterdam,  The 
Netherlands;  and  F.  Spaepcn,  Harvard  University,  Cambridge,  MA. 

The  intrinsic  density  of  amorphous  Si  (a*Si)  is  an  important  physical 
parameter.  There  is,  however,  a  considerable  spread  in  the  density 
measurements  with  values  ranging  from  2-1  life  less  dense  than  that  of 
crystalline  Si  (c-Si).  Moreover,  there  are  computer  simulations  which 
in^icat*  that  a-Si  should  be  denser  than  c-Si.  To  measure  the  intrinsic 
density  it  Is  essential  that  the  a-Si  layers  be  impurity  and  void  free.  We 
have  achieved  this  using  high  energy  Si  implantation  in  SL 

Thick  amorphous  Si  layers  are  created  by  multiple  energy  MeV  Si  self¬ 


implantation  using  contact  masks,  resulting  in  sharp  lateral  amorphous- 
crystal  boundaries.  For  thick  Si  substrates,  the  lateral  dimensions  are 
constrained  and  the  majority  of  the  density  difference  between  the  two 
phases  is  manifested  as  a  surface  step  that  can  be  measured  using  a 
surface  profiler.  These  measurements  indicate  that  as-implanted  a-Si  is 
2%  less  dense  than  c-Si.  Thermal  anneals  which  lead  to  relaxation  of 
fire  a-Si,  but  no  measurable  regrowth,  result  in  a  10%  decrease  of  the 
surface  step  heights.  Once  this  initial  decrease  is  over,  the  step  heights 
scale  linearly  with  a-Si  thickness  as  the  layer  is  regrown  by  solid  phase 
epitaxy.  Comparisons  of  these  density  changes  with  models,  and  the 
effects  of  post-relaxation  ion  irradiation  will  also  be  discussed. 

A9.1S 

NOBLE  GAS  ION  IMPLANTATIONS  IN  LASER  TREATED 
MATERIALS  J.  Th.  M.  De  Hosson,  Dept,  of  Applied  Physics, 
Materials  Science  Centre,  Nijenborgh  18, 9747  AG  Groningen,  The 
Netherlands. 

Despite  the  advantages  of  laser  processing  for  the  production  of 
wear  resistant  materials,  laser  surface  melting  results  in  tensile 
stresses  because  the  melted  layer  shrinks  during  resolidification. 
These  tensile  stresses  may  lead  to  severe  cracking  of  the  material 
and  to  deleterious  effects  on  the  wear  behaviour.  Our  basic  idea 
presented  in  this  paper  is  to  convert  the  high  tensile  stresses  in  the 
laser  melted  surface  into  a  compressive  state  after  implantation. 
When  pressurized  bubbles  of  implanted  ions  are  nucleated  in  the 
surface  layer,  one  can  imagine  that  the  corresponding  compressive 
stress  field  may  annihilate  the  tensile  stress  field  of  the  laser  melted 
materials.  Furthermore,  the  surface  layer  might  also  be  streng¬ 
thened  during  wear,  due  to  the  interaction  between  moving 
dislocations  and  the  bubbles.  Results  are  presented  of  He  and  Ne 
implantations  into  laser  treated  materials. 

A9, 16 

FEMTOSECOND  LASER  MELTING  OF  GRAPHITE.  D.  H.  Reilze. 
X.  Wang.  H,  Ahn,  and  M.  C.  Downer.  Physics  Department,  University 
of  Texas  at  Austin,  Austin,  TX. 

We  report  on  the  results  of  time-resolved  reflectivity  measurements  on 
highly  oriented  pyrolytic  graphite  (HOPG)  using  90  fs.,  620  nm.  pulses. 
In  contrast  to  earlier  picosecond  melting  experiments',  we  observe  a 
large  increase  in  reflectivity  when  the  excitation  pulse  exceeds  the 
critical  fluence  for  melting  (Fm=0.13  J/cm^),  suggestive  of  a  liquid 
metallic  phased  followed  by  a  dramatic  decrease  in  reflectivity  caused 
by  material  ablation  on  the  sample  surface. 

Differential  reflectivity  measurements  on  HOPG  were  performed  over  a 
wide  range  of  excitation  fluences.  At  excitation  levels  below  Fm.  the 
reflectivity  decreases  slightly  initially  and  rapidly  recovers  in  <  1  ps. 
When  the  critical  fluence  is  reached,  however,  the  initial  reflectivity 
change  is  large  and  positive.  For  pump  fluences  slightly  above  Fm,  the 
initial  positive  reflectivity  phase  persists  for  -10  ps.,  crosses  below  the 
background  value,  and  decreases  to  a  small  fraction  of  the  background 
value  at  -  40  ps.  As  the  pump  fluence  is  increased,  the  crossing  point 
occurs  at  earlier  times,  caused  by  the  rapid  ablation  of  surface  material 
which  obscures  the  surface. 

Additional  time-resolved  experiments  using  a  probe  wavelength  of  310 
nm.  as  well  as  620  nm  probes  with  s  and  p  polarizations  were 
performed  in  order  to  elucidate  the  natures  of  the  molten  surface  and  the 
ablation  cloud.  Results  of  these  measurements  will  be  presented. 

1.  A.  M.  Malvezzi,  N.  Bloembergen,  and  C.  Y.  Huang,  Phys.  Rev.  Lett. 
51.  146,(1986). 

2.  J.  Heremsns,  C.  H.  Oik,  G.  L.  Eesley,  J.  Steinbeck,  and  G. 
Dresselhaus,  Phys.  Rev.  Lett.  452,  (1988). 


30 


A9.20 


A9.17 

FORMATION  OF  DEFECT-FREE  SHALLOW  JUNCTIONS  BY 
LOW-TEMPERATURE  RAPID  THERMAL  ANNEALING.* 
M.  K.  El-Ghor.  S.  J.  Pennycook,  and  R.  A.  Zuhr,  Oak  Ridge  National 
Laboratory,  Oak  Ridge,  TN  37831. 

Low  and  high  doses  of  As*  (3xl014-lxl016  cm-*)  were  implanted  in  Si 
single  crystals  in  the  energy  range  of  2  to  17.5  keV  at  room  temperature. 
Defect-free  shallow  junctions  with  good  electrical  activation  have  been 
achieved  at  temperatures  as  low  as  700°C  by  rapid  thermal  annealing. 
Cross-sectional  transmission  electron  microscopy  combined  with  in  situ 
annealing  has  been  used  to  distinguish  the  two  possible  mechanisms 
responsible  for  defect  removal,  bulk  diffusion  of  point  defects  leading  to 
defect  annihilation,  and  glide  of  extended  defects  to  the  surface  through  the 
action  of  image  forces.  This  latter  mechanism  is  shown  to  become  a  more 
efficient  means  for  defect  removal  as  the  junction  becomes  more  shallow. 


•Research  sponsored  by  the  Division  of  Materials  Sciences,  U.S. 
Department  of  Energy  under  contract  DE-AC05-840R21400  with  Martin 
Marietta  Energy  Systems,  Inc. 

A9.18 

A  COMPARISON  OF  LOW  AND  HIGH  DOSE  GALLIUM  ION  IMPLANTED 
POLYCRYSTALLINE  SILICON.  H ■ B .  Harrison,  Microelectronics, 
Griffith  University,  Australia  4111,  A.P.  Pogany,  D.X.  CAO 
MMTL,  RMIT,  Melbourne,  Australia  3000,  and  Y.  Komen, 

Technion,  Israel. 

Gallium  (Ga)  implanted  polycrystalline  silicon  is  the  subject 
of  this  investigation.  Ga  ions  of  lOOkev  and  doses 
3  x  10ll‘/cm1  and  6  x  1015/cma  (low  and  high  dose  respectively) 
have  been  studied  with  regard  to  their  annealing  properties. 
Previous  reports  by  this  group  have  concentrated  on  the 
higher  dose  regieme,  namely  that  of  a  liqued  phase  melt 
regieme  that  determined  the  final  morphology,  and  other 
physical  and  electrical  properties. 

Whilst  the  lower  dose  results  in  a  similar  damage  layer 
albiet  to  a  different  depth,  the  annaaling  cycle  tends  to 
follow  a  more  conventional  solid  phase  epitaxial  growth. 
However  there  are  other  interesting  differences  between  the 
two  doses  regiemes  and  it  is  the  intent  of  this  paper  to 
highlight  these  differences  and  suggest  speculative  reasons 
for  these  physical  and  electrical  differences. 

A9.19 

DIFFUSION  OF  CARBON  IN  TEMPERED  MARTENSITIC 
STEEL  DURING  LASER  MELTING.  J-P.  Hirvonen.  T.  .R. 
Jervis,  and  T.  G.  Zocco,  Materials  Science  and  Technology  Di¬ 
vision,  Los  Alamos  National  Laboratory,  Los  Alamos,  NM 
87545 

Migration  of  carbon  is  one  of  the  most  important  factors  de¬ 
termining  the  final  microstructure  of  the  laser  melted  surface 
of  carbon  steel.  The  formation  and  dissolution  of  carbides  re¬ 
stricts  the  amount  of  carbon  capable  of  diffusing  during  the 
melt  duration  (-  100  nsec).  This  affects  coarsening,  composi¬ 
tion,  and  microstructure  of  the  modified  surface  layer. 

Tempered  martensitic  steel  with  nominal  composition:  1.05 
wt.  %  C,  0.2  wt.  %  Si,  and  0.3  wt.  %  Mn  was  implanted  with 
13C  and  subsequently  laser  melted  with  an  excimer  laser  op¬ 
erating  at  248  nm.  The  surface  was  exposed  to  five  and  ten 
pulses  at  an  energy  density  of  1.2  J/cm2  per  pulse.  The  concen¬ 
tration  profiles  were  measured  utilizing  the  resonance  of  the 
nuclear  reaction  13C(p,y)MN  at  a  proton  energy  of  1.948  MeV. 
From  the  measured  concentration  profiles  the  diffusion  length 
per  pulse  as  well  as  the  fraction  of  carbon  bonded  to 
undisBolved  carbides  were  calculated.  These  results  will  be 
compared  to  similar  studies  in  laser  melted  carbon  implanted 
iron.  Results  of  microstructural  characterization  of  the 
surfaces  using  transmission  electron  microscopy  will  also  be 
presented. 


RAPID  THERMAL  ANNEALING  OF  Si+  and  P+  DUALLY 
IMPLANTED  InP.  Shen  Honqlie,  Yang  Genqing, 

Zhou  Zuyao  ana  Zou  Shichang,  Ion  Beam  Laboratory, 
Shanghai  Institute  of  Metallurgy,  Academia  Simca, 
Shanghai,  China  200050 

150KeV  Si+  ions  and  160KeV  P+  ions  were  implantea 
at  200°C  with  doses  ranging  from  lxio13  to 
lxio1 5/cm2  to  study  the  effect  of  dual  implanta¬ 
tions  on  the  electrical  properties  of  Fe  doped 
InP.  Samples  were  deposited  with  Si3N4  films  of 
10Q0A  by  PECVD  and  annealed  in  a  halogen  tungsten 
lamp  RTA  system  under  flowing  N2  at  different 
temperatures  from  700  to  900°C  for  5s.  The 
samples  were  characterized  by  Hall  measurements 
using  the  Van  der  Pauw  method.  To  obtain 
carrier  concentration  profiles,  differential 
Hall  measurements  were  performed  using  1:1 
mixture  of  HjP04:H202.  it  has  been  found  that 
Si  and  P  dual  implantations  in  InP  can  results  in 
an  enhanced  activatation,  particularly  evident 
at  high  doses  of  implantation.  The  maximum 
dopant  activation  and  average  electron  mobility 
for  Si  and  P  dual  implants  at  doses  of  lxio15/cm2 
are  70%  and  750cm2/vs,  which  corresponds  to  a 
peak  carrier  concentration  of  5xlO‘Vcm2  while 
that  for  Si  single  implant  at  the  same  dose  are 
29%  and  870cm2/vs,  which  corresponds  to  a  peak 
carrier  concentration  of  1 . 2x 10 ‘ 3 /cm2 .  It  can 
be  seen  from  the  carrier  concentration  profiles 
that  Si  dopant  is  effectively  prevented  from  in¬ 
diffusion  with  the  help  of  rapid  thermal  anneal¬ 
ing  and  P  implantation. 

A9.2I 

MODELING  OF  LOCALIZED  MELTING  OF  THIN  Si  FILMS  IN  ZONE- 
MELTING  RECRYSTALLIZATION.  J.S.  Im,*-'  J.D.  Lipman  ,b  I.N. 
Miaoulis,b C.K.  Chen,c  and  C.V.  Thompson* 

•Department  of  Materials  Science  and  Engineering,  Massachusetts  Institute 
of  Technology,  Cambridge,  MA  02139. 

bMechanical  Engineering  Department,  Tufts  University,  Medford,  MA 
02155. 

'Lincoln  Laboratory,  Massachusetts  Institute  of  Technology,  Lexington, 
MA  02173-0073. 


Using  the  finite  difference  enthalpy  method,  we  have  developed  a  quantita¬ 
tive  model  that  accounts  for  the  localized  melting  behavior  of  thin  Si  films. 
The  model  incorporates  radiative  and  conductive  heat  flow  components  and 
takes  account  of  the  phase  changes  that  occur  during  zone-melting 
recrystallization.  Emphasis  is  placed  on  the  effects  resulting  from  the 
differences  in  reflectivity  and  emissivity  between  solid  and  liquid  Si. 
Quantitative  information  is  provided  concerning  the  temperature  profile  of 
the  Si  film  and  the  configuration  of  the  solid-liquid  phase  boundaries.  The 
model  shows  the  existence  of  two  distinct  types  of  melting  behavior 
reflectivity -change-dominated  and  emissivity-change-dominaxed.  Partial 
melting  and  nonplanar  solid-liquid  interfaces  are  characteristic  of 
reflecdvity-change-dominated  behavior,  while  "explosive*  melting  and 
hysteresis  are  characteristic  of  emissivity-chtnge-dommated  behavior. 

The  Lincoln  Laboratory  portion  of  this  work  was  sponsored  by  the  Rome 
Air  Development  Center. 

A9.22 

EFFECTS  OF  NITROGEN  ION  IMPLANTATION  IN  304  STAINLESS  STEEL 
AT  HIGH  TEMPERATURES.  Sadhna  Shr  i  VdSt  ava  .  Ram  D.  Tarey. 

M.C.  Bhalmgar,  Amitabh  Jain  and  K.L,  Choprd,  Indidn 
Institute  o.  Technology,  Hduz  Khas,  New  De I  hi  - 1 1 00 1 6 . 

I  nd  I  d . 

Nitrogen  ion  impldntdtlon  is  an  attractive  technique  for 
surface  strengthening  of  metals  and  alloys.  In  order  to 
achieve  high  throughputs,  high  dose  rates  are  necessary 
and  cooling  of  the  target  is  often  impractical.  We  present 
a  study  of  the  influence  of  target  temperature  on  the  stru- 
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cture  arid  properties  of  nitrogen  ion  implanted  304  stain¬ 
less  steel.  With  a  beam  power  of  0.1  W/cm2  the  target 
temperature  is  restricted  to  150°C.  At  a  dose  of  3.5xl(r 
N^/cm  ,  Glancing  Angle  X-ray  Diffraction  revealed  the  for¬ 
mation  of  e-iron  nitride  and  no  nitrogen  in  solution.  The 
microhardness  measured  at  lOg  increases  by  15*.  With  a 
beam  power  of  1.1  W/cm2  the  target  temperature  is  550*C. 

At  the  same  dose  as  before,  the  amount  of  e-iron  nitride 
produced  is  smaller  but  there  is  a  few  atomic  percent 
nitrogen  in  solid  solution.  There  is  in  addition  the  for¬ 
mation  of  chromium  nifide.  The  increase  in  microhardness 
is  401  in  this  case.  This  enhanced  hardening  appears  to 
be  due  to  interstitial  solid  solution  strengthening  by 
nitrogen.  The  specimens  contained  a  bcc  phase  which  lends 
itself  to  such  hardening.  In  general,  Auger  depth  profi¬ 
ling  revealed  thermal  redistribution  effects  and  seme 
loss  of  nitrogen  through  out -di f f us  ion . 

A  specimen  deformed  by  compression  formed  an  enhanced 
.  J.;  laye.  during  ion  implantation  at  a  high  beam  power. 

There  is  no  loss  of  nitrogen  in  this  case.  The  oxide  layer 
appears  to  have  a  capping  action  against  ou t -di f f us  ion . 


A9.23 

ANALYTICAL  STUDY  OF  EFFECT  OF  ARSENIC  CONCENRATION 
ON  SOLID  PHASE  EPITAXIAL  GROWTH  OF  AMORPHOUS  SILICON. 
Youne-Jin  Jeon.  Center  for  Materials  Science  and  Engineering;  M.  F. 
Becker,  Dept,  of  Electrical  and  Computer  Engineering;  and  R.  M.  Walser, 
Dept,  of  Electrical  and  Computer  Engineering,  The  University  of  Texas, 
Austin,  TX.  78712. 

In  this  work  we  measured  the  functional  dependence  of  the  solid  phase 
epitaxial  growth  (SPEG)  of  amorphous  silicon  on  the  concentration  of 
implanted  arsenic  (n-type)  impurity,  Nas-  The  SPEG  rates  of  self-ion 
amotphized  layers  in  silicon  wafers  with  <100>  substrate  orientation  were 
measured  by  in  situ,  high  precision,  isothermal  cw  laser  interferometry  for 
temperatures  from  470‘C  to  580*C,  and  concentrations  in  the  range  SxlO17 
cm'3<NAi<3.8xl020  cm-3. 

Changes  in  the  SPEG  velocity  were  not  detected  for  Nai<6x10**  cm-3,  but 
the  growth  rate  increased  linearly  with  arsenic  concentrations  in  the  range 
6X101*  cm-J<NA«<2xl01*  cm  3.  In  the  linear  region  the  SPEG  data 
satisfied  the  equation;  V/Vj-l+N/N;,  where  N;(T)  was  fit  to  an  Anenhius 
form  obtained  from  the  temperature  dependent  intersections  of  the  regrowth 
data  with  the  concentration  axis.  In  previous  work  we  showed  that  the 
enhancement  of  the  SPEG  velocity  by  B  and  P  could  be  described  by  an 
equation  of  die  same  form.  For  As,  the  activation  energy  and  pre-exponential 
terms  of  Nj  were  0.23  eV  and  9.8X1020  cm'3;  both  values  are  only  slightly 
smaller  than  those  obtained  for  B  and  P  implanted  samples. 

The  activation  energy  for  SPEG  decreased  for  Nai<1x102°  cm'3  and 
increased  for  higher  concentrations  to  Na««3.8x1020  cm-3.  The  pre¬ 
exponential  term  for  SPEG  exhibited  a  similar  variation  with  N/u.  The  SPEG 
rate  varied  nonlinearly  with  high  arsenic  concentrations  (Nai>2x1019  cm*3) 
and  a  reduction  in  the  rate  of  increase  of  the  SPEG  rate  with  Na<  was 
observed.  A  similar  effect  was  previously  observed  for  P;  another  donor 
impurity.  The  quadratic  fit  of  the  data  in  the  nonlinear  range  for  both  P  and 
As  suggests  that  processes  involving  localized  electron  pairing  may  have  a 
deleterious  effect  on  Si  SPEG. 


A9.24 

ION  CHANNEIJNG  measurements  of  strain  in  germanium 
IMPLANTED  AND  ANNEALED  SILICON,  E.A.  Johnson,  and 
F.  Namavar,  Spire  Corporation,  Patriots  Park,  Bedford,  MA; 
R.J.  Culbertson,  U.S.  Army  Materials  Technology  Laboratory, 
Watertown,  MA. 

We  have  used  Ion  beam  channeling  (2  MaV  He*)  to  examine  the 
surface  of  (100)  silicon  after  low  dose  (10u-10'5  atoms/cm2) 
germanium  implantation  and  annealing.  After  a  moderate  annealing 
regimen  (850  C,  £  1  hr),  backscattered  particle  channeling  dips 
Indicate  that  germanium  atoms  substitute  Into  the  silicon  lattice. 
Aligned  backacattering  spectra  show  good  channeling  in  the  shallow, 
germanium  implanted  region  with  minimum  yields  comparable  to 
pure,  unlmpianted  silicon.  At  greater  depths,  beyond  the  protected 


range  of  the  germanium,  aligned  spectra  exhibit  ledges  correspond¬ 
ing  to  somewhat  higher  dechanneling  yields.  We  explore  the  orienta¬ 
tion  dependence  of  these  ledges  and  propose  a  pseudomorphlc  lat¬ 
tice  regrowth  model  to  explain  these  observations. 


A9.25 

LOW  ENERGY  Si  AND  Sn  IMPLANTATION  OF  GaAs.  K.S.  Jones.  W.S. 
Rubart  and  L.  Seiberling,  University  of  Florida,  Gainesville, 
Florida  and  D.K.  Sadana,  IBM  T.J.  Watson  Research  Center, 
Yorktown  Heights,  New  York 


Low  energy  Si+  and  Sn+  implantation  into  GaAs  has  been 
studied  extensively  by  cross-sectional  and  plan-view  TEM. 
Comparisons  of  equivalent  damage  density  distributions  for 
the  two  species,  formed  by  adjusting  the  implantation  energy 
and  dose  over  a  three  order  of  magnitude  range,  indicate  ion 
beam  induced  epitaxial  crystallization  (IBIEC)  greatly 
restricts  the  "window"  for  amorphous  layer  formation  during 
room  temperature  implantation.  For  a  20  KeV  Si+  implant  in 
GaAs  only  doses  between  5  x  10^/cm^  and  2  x  10^/cm^ 
resulted  in  observation  of  an  amorphous  layer  after 
implantation.  A  correlation  between  the  existance  of  an 
amorphous  layer  and  the  subsequent  extended  defects  observed 
upon  annealing  will  be  presented.  When  complete  IBIEC 
induced  regrowth  of  the  amorphous  layer  occured  during  the 
implantation,  then  extended  defects  formed  upon  rapid  thermal 
annealing  in  an  inert  ambiant.  However,  suppression  of 
arsenic  loss  during  rapid  thermal  annealing  via  use  of  either 
an  arsine  ambient  or  SI3N4  capping,  suppresses  or  destablizes 
extended  defects.  This  elimination  mechanism  may  be  related 
to  increasing  the  much  more  mobile  Ga  vacancy  concentration 
which  can  dissolve  the  extrinsic,  implant  related  dislocation 
loops.  Finally  RBS  channeling  results  indicate  suppression 
of  arsenic  loss  during  rapid  thermal  annealing  results  in  a 
higher  fraction  of  the  implanted  tin  being  substitutional 
which  corresponds  well  with  increased  gallium  vacancy 
formation.  This  was  confirmed  by  observations  of  Sn 
precipitate  concentrations  in  cross-sectional  TEM.  Hall 
•sffec*  ill- -5  will  also  be  presented  on  the  activation  of 

the  implanted  dopant. 


A9.26 

HIGHLY  STABLE  U/p-lnj,  jjCAq  ONNIC  CONTACTS  FORMED  BY  RAPID  THERMAL 

PROCESSING.  A.ksti-  R.F.ksrl  ickek  Jr.,  J.D.Vym.B.E.Wlf , 

D. Maher,  P.N.Thoaas,  H.Soler,  U.C.Pautreaont-Saith  and  L .C. Riser l ins,  ATIT 
Bell  Laboratories,  600  Mountain  avenue.  Murrey  Hill,  NJ  07974. 


Tungsten  contacts  to  Zn  doped  Irig  5j0e0  tjAs  have  been  formed  by  rapid  theraal 
processing.  Contacts  to  layers  Mith  Zn  doping  concentration  of  5x10  cm  were 
rectifying  as  sputter  deposited  as  sell  as  after  heat  treetaents  at  tawiera- 
tures  lower  than  450°C.  Higher  processing  teaperetures  caused  a  linear 

decrease  of  the  contact  resistivity  values  fros  0.6  as  deposited  to  0.15  jl  sn 
after  heating  at  550°C.  Rapid  theraal  processing  at  these  higher  temperatures 
stipulated  the  tchottky  to  ohalc  contact  conversion  with  siniaue  contact 

resistance  value  of  6.5x10  xc a2  and  sheet  resistance  value  of  150  A  /o  as 

a  result  of  heating  at  600°C  for  30  sec.  By  increasing  the  p- InGaAs  doping 
level  to  IxlO19  cs2  the  specific  contact  resistance  of  this  contact  was 
dropped  to  the  ainiass*  of  7.5x10  ^xtca2es  a  result  of  heating  at  500°C  for  30 

sec.  The  U/p-ln0  jjGSp  47As  contact  showed  excellent  theraal  stability  over 

the  teaperature  range  of  300  to  750°C,  with  an  abrupt  and  alaost  laireacted 
aetet'Seaiconductor  interface.  Heating  at  taaperatures  of  B00°c  or  higher 
caused  the  degredetion  of  the  contect.  This  was  reflected  by  a  distinct  in¬ 
crease  In  the  heterostructure  sheet  resistance  as  a  result  of  the  intensive 
Interfacial  reaction  which  took  place  at  the  contact,  accoapaniad  by  out  dit- 
fusi-jl  uf  both  In  and  As. 


A9.27 

mOssbauer  study  of  the  defect  structures 

AROUND  Te  IMPLANTED  IN  A1*Ga,.xA».  H.  Bemelm&ns  And  a 
Lxnyniiriy.  IKS,  University  of  Leuven,  Belgium;  G-  Borghs,  IMEC^ 
Leuven,  Belgium. 

l2^Te  Atoms  were  iraplAnted  in  A1xGai-xAs  (0  <  x  <  1)  with  a  dose 
of  2  m  io3*  Atoms/cm2.  After  tepid  thermel  anneeling  to  900*  C,  a 
vAriAtion  in  the  MfesbAuer  spectre  as  a  function  of  x  if  observed. 
For  0.2  <  x  <  0.7,  a  component  with  A  Urge  electric  field  gredient  is 
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dominant  in  the  spectra,  while  for  the  other  values  of  x  an  unsplit 
resonance  dominates-  The  same  component  with  the  large  electric 
field  gradient  was  observed  before  [1]  in  the  MAsabauer  spectra  of 
Te-implanted  GaAs  for  concentrations  exceeding  1014  atoms/cm*. 

As  the  presence  of  this  component  is  correlated  with  the  presence  of 
the  DX-center,  the  hyperfine  interaction  parameters  of  the  observed 
MOesbauer  spectrum  component  will  be  discussed  with  respect  to 
some  of  the  existing  models  for  the  DX-center. 


[1]  Q.  Ltngouche,  D.  Scbroyea,  H.  Bemelm&ns,  M.  Van  Rossvm,  W. 
Dersedt  and  M.  de  Potter ,  Met.  Res.  Soc.  Symp.  Proc.  104  (1988) 


within  the  temperature  range  to  1500K).In  this 
case  the  mechanism  of  conductivity  changes  due 
to  the  forming  localized  states  within  a  wide 
band  gap. 

A9.30 

REDUCTION  IN  SECONDARY  DEFECT  FORMATION 
IN  MEV  ION  IMPLANTED  SI(100) 

W.X.  Lu.  R.J.  Schreutelkamp,  J.R.  Liefting  and  F.W.  Saris, 
FOM  Institute  for  Atomic  and  Molecular  Physics,  Kruislaan 
407, 1098  SJ  Amsterdam,  The  Netherlands 


A9.28 

ION  BEAM  METHOD  TO  STUDY  FRACTAL  AGGREGATION  OF 
MAGNETIC  PARTICLES  IN  THIN  FILMS  J . R . Ding , L. J . 

Huang  and  B.X.Liu(a),  Department  of  Materials 
Science  and  Engineering,  Tsinghua  university , Bei¬ 
jing  100084,  CHINA;  (a)  also  at  Center  of  Conden¬ 
sed  Matter  and  Radiation  Physics,  CCAST( World 
Lab.),  Beijing. 

Fractal  aggregates  of  magnetic  particles! Co  and 
Fe)  were  observed  in  vapor-deposited  Ag-Co  and 
Fe-Cu  alloy  films,  after  the  films  had  been  irra¬ 
diated  at  room  temperature  by  200  keV  xenon  ions 
to  various  doses.  The  fractal  dimensions  were 
determined  with  box-counting  method  to  be  1.47+ 
0.02  and  1.42+0.02  for  Co  and  Fe,  respectively. 

It  was  found  that  the  fractals  were  formed  throu¬ 
gh  a  cluster-cluster  diffusion  aggregation ( CDLA ) 
process.  However,  the  dimensions  observed  were 
smaller  considerably  than  the  value  of  1.72  ex¬ 
pected  by  the  CDLA  model,  because  of  the  magnetic 
interaction  among  the  aggregating  particles . This 
is  in  agreement  with  the  previous  reported  re¬ 
sults. 

The  multiscaling  properties  of  the  observed  frac¬ 
tals  were  also  studied  and  showed  some  differen- 
■:nr  fr'-n  those  reported  earlier. 

A9.29 


MODIFICATION  OF  NITRIDE  CERAMIC  STRUCTURE  AND 
RESISTIVITY  3Y  ION  BEAMS.  V.V. Lopatin,  and 
A. V.Kabyshev,  High  Voltage  Institute, Tomsk,  USSR 

The  ion  implantation  (The  parameters  of  plasma- 
arc  accelerator  ■  100  keV,  1-20mA/cm*  .pulse  du¬ 
ration  ■  250/* s , frequency  =  5-50Hz)  modifies 
structure  and  properties  of  a  high  dispersive 
nitride  ceramics  o i  -BN,  AIN  and  Si,N*.In  compa¬ 
rison  with  the  heavy  ions  Fe,Cu,Md,J!)  the  at¬ 
tack  by  light  ions  (li,B,C,Al)  modifies  more 
significantly  the  structure  and  resistivity  D 
inducing  more  thermostable  coat. 

The  structure  modification  consists,  generally, 
of  grinding  the  crystallites  up  to  formation  of 
an  amorphous  film  with  the  tbicknwss  that 
equals  approximately  the  ion  range  (—30  nm). 

The  of  coat  increases  at  the  depth  of  300  to 
500  nm. 


As  compared  to  the  starting  materials  with  Pt  ■ 
10  10  SI  growing  dose  from  10"  cm'i  to  10'4 

reBults+in  decreasing  surface's  fi,  to 
'OySl  .If  C  -implantation  occurs  in  the  regime 
of  ion  mixing,  for  D>10,fcm**  new  phases  are 
synthesized  as  the  flat  crystals. 


r os t- implant at ion  annealing  increases  the  conduc. 
,ivity  too,  and  allows  to  form  the  coat  with  the 
controllable  Ps  «  10J  -  10* cj  and  low  tempera¬ 
ture  coefficient  of  resistivity  (up  to  10**4"' 


MeV  ion  implantation  in  Si  above  a  dose  of  lOWcm^  leads 
to  secondary  defect  formation  in  a  buried  layer,  which  is 
rather  stable.  Annealing  behaviour  of  Si(100)  implanted 
with  1.0  and  2.0  MeV  As+,  B+  and  Si+  ions  at  a  dose  above 
10l4/cm2  has  been  investigated  by  means  of  cross-sectional 
TEM.  After  annealing  at  900°C  for  15’  elongated 
dislocation  loops  were  found  along  [110]  direction.  A 
remarkable  decrease  in  secondary  defects  has  been  observed 
if  in  addition  a  low  energy  silicon  implantation  was 
performed  prior  to  annealing  to  form  a  sink  for  defects 
created  during  MeV  implantation.  The  reduction  of  the 
secondary  defect  formation  shows  a  strong  dependence  on 
the  amount  of  disorder  in  the  near  surface  region  due  to  the 
low  energy  implant. 

A9.31 

AMORPHOUS  METALLIC  ALLOYS  FORMED  BY  PLASMA 
ION  MIXING.  Xiaoci  Zheng.  R.  Arthur  Dodd,  John  R.  Conrad, 
and  Frank  Worzala,  University  of  Wisconsin,  Madison,  WI. 

When  plasma  ions  interact  with  layered  Ni-based  metallic 
films,  the  structures  resulting  from  the  ion-surface  reactions 
vary  with  the  ion  dose  and  ion  mass.  For  light  ions,  smaller 
grains  are  formed  after  plasma  ion  mixing,  but  no  amorphous 
structure  is  observed.  For  heavy  ions,  an  amorphous  phase  is 
obtained  as  long  as  the  dose  is  larger  than  a  critical  value.  The 
film  structures  are  checked  by  TEM  and  electron  diffraction. 

The  stability  of  the  amorphous  phase  has  been  investigated  by 
annealing  the  samples  at  various  temperatures,  and 
recrystallization  is  observed  when  the  annealing  temperature  is 
above  Tr.  The  grain  sizes  of  recrystallized  films  are  dependent 
on  the  annealing  time. 

A9.32 

LASER  PULSE  TRIGGERING  OF  THE  EXPLOSIVE  CRYSTALLIZATION  IN 
AMORPHOUS  Si  AND  Ge  THIN  FILMS.  W.  Marine  and  J.  Marfaing, 
UA  CNRS  783,  Faculty  des  Sciences  de  Luminy  -  Wpartement 
de  Physique  -  Case  901  -  13288  Marseille  Cedex  9,  France. 

The  first  stage  of  triggering  of  the  well  known  explosive 
crystallization  is  accelerated  nucleation  rate  which  gene¬ 
rates  large  heat  flow  necessary  to  induce  the  intermediate 
melting.  If  in  the  ion  implanted  amorphous  samples  high 
nucleation  rate  can  be  explained  by  interfacial  (amorphous- 
liquid-crystalline  states)  mechanisms,  this  nucleation  is 
a  purely  thermal  effect.  Observed  nucleation  instabilities 
reported  in  this  paper  give  an  experimental  evidence  of  the 
laser  pulse  length  dependence  of  the  nucleation  rate. 

The  self-standing  amorphous  Ge  and  Si  films  has  been  crys¬ 
tallized  in  situ  in  transmission  electronic  microscope  by 
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pulsed  YAG  laser  (X  =  0.53  pm,  pulse  duration  t  *  14  ns  and 
30  ps  (FWHM) ).  Parallel^,  crystallization  has  been  obtained 
by  rapid  electron  beam  irradiation  in  order  to  compare  the 
different  nucleation  modes.  Under  nanosecond  laser  and  ys 
electron  beam  irradiation,  a  quasi -uni form  repartition  on 
the  nucleation  centres  has  been  observed.  The  morphologies 
of  the  picosecond  pulse  crystallization  is  unambiguously 
defined  by  i)  the  existence  of  an  amorphous-like  zone  in  the 
central  spot  (at  the  crystallization  threshold)  or  of  a  con¬ 
centric  ring  with  same  amorphous-like  structure  under  higher 
excitation  near  melted  zone  ;  ii)  the  significative  decrease 
of  the  dendritic  area  at  the  periphery  of  the  crystallized 
zone,  and  subsequently  the  increase  of  the  differently  poly- 
crystallized  areas.  The  common  particularity  of  the  ps  and 
ns  irradiation  is  the  well  defined  crystallization  threshold 
for  dendritic  growth  which  is  the  result  of  competition 
between  polycrystalline  light  induced  nucleation  and  thermal 
explosive  growth.  The  observations  are  discussed  in  the 
context  of  the  heterogeneous  nucleation  theory. 


A9.33 

HREM  OF  ELECTRON  BEAM  INDUCED  AMORPHIZATION  AND 
PHASE  TRANSFORMATION  IN  MoO,  CRYSTAL.  Shri  R. Singh 
and  Laurence  D. Marks.  Center  for  Radiation  Damage 
Studies,  Department  of  Materials  Science  & 
Engineering,  Northwestern  University,  Evanston,  IL. 

The  desorption  induced  by  electronic  transition 
(DIET)  from  MoO,  crystal  surfaces  was  studied  by  a 
UHV  high  resolution  electron  microscope.  It  was 
found  that  during  the  initial  stages  of  desorption 
of  oxygen  from  the  surface  generates  number  of 
dislocations  in  the  structure  and  with  further  loss 
of  oxygen  the  MoO,  structure  collapses  to  an 
amorphous  like  phase.  The  transformation  to 
amorphous  phase  which  is  a  metastable  alternative 
polymorphic  structure  and  does  not  require 
interdiffusion  of  species  is  a  direct  manifestation 
of  rapid  desorption  of  oxygen.  The  orientation 
dependence  of  transformation  rate  was  investigated 
in  terms  structural  model.  The  necessary  condition 
for  amorphization  is  (1)  large  disparity  in  the 
atomic  diffusion  rates  of  participating  species  and 
(2)  an  absence  of  polymorphic  crystalline 
alternative  as  a  final  state.  As  irradiation  dose 
increases,  the  diffusional  process  lead  to  the 
nucleation  and  growth  of  Mo  microcrystallites  of 
increasing  size  embedded  in  amorphous  connective 
tissue.  The  Mo  has  well  defined  orientation 
relationship  with  MoO,  which  is  maintained 
throughout  the  transformation.  The  whole  process  is 
a  continuous  transformation  consists  of  DIET  from 
the  surface  leading  to  amorphization  and  subsequent 
diffusional  process  leading  to  nucleation  and 
growth  of  Mo. 

A9.34 

THt  EFFECTS  OF  ANNEALING  ON  THE  STRUCTURE  AND  DISTRIBUTION 
OF  CHARGE  STATES  OF  IRON  IMPLANTED  INTO  O-A1.0,  AT  77  1C.* 

C.  J.  HcHarque,  P.  S.  Sklad,  J.  C.  McCallum,  and  C.  W.  White, 
Oak  ffTBgefialTonal  Laboratory,  P.0.  Box  2008,  Oak  Ridge,  TN 
37831-6118;  and  A.  Perez  and  G.  Merest,  University  Claude 
Bernard,  Lyon  1,  Vllleurbanne  Cedex,  France. 

Implantation  of  Iron  Into  a-A1,0,  at  77  K  produces  an 
amorphous  state  for  fluences  greater  than  about  3  x  10“ 
Fe/cm*.  Conversion  electron  Mdssbauer  spectroscopy  (CEMS) 
was  used  to  determine  the  distribution  of  the  Implanted  iron 
among  various  charge  (valence)  states  In  as-implanted  and 
annealed  (In  oxygen)  samples.  TEN  and  RBS  were  used  to 
follow  changes  In  the  microstructure. 

Iron  In  the  as-1«mlanted  (amorphous)  specimens  was  distri¬ 
buted  among  two  Fe’+,  two  Fa**,  and  the  Fe*  (metallic 


clusters)  states.  The  CEMS  spectra  for  a  sample  containing 
7  x  10“  Fe/cm*  shows  all  the  Iron  to  be  converted  to  Fe*+ 
after  annealing  for  l  h  at  700*C  and  above. 

The  TEM  results  show  the  structure  to  be  mostly  y-Al,0, 
after  the  900*C  anneal  and  all  a-Al,0,  after  the  1100*C 
anneal . 

•Research  sponsored  In  part  by  the  Division  of  Materials 
Sciences,  U.S.  Department  of  Energy,  under  contract 
DE-AC05-840R21400  with  the  Martin  Marietta  Energy  Systems, 
Inc. 
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QUALITATIVE  MODEL  FOR  SURFACE  RIPPLING  OF  ZONE  MELTING 

RECRYSTALLIZED  SILICON-ON-INSULATOR  LAYERS 

Paul  W,  Msrtens.  Herman  E.  Maes,  IMEC,  Kapeldreef  75, 

B-3030  He varies,  Belgium. 

In  the  low  power  regime  of  ZMR  the  recrystallized  layers 
show  a  regularly  rippled  surface.  These  surface  undulations 
have  considerably  retarded  the  use  of  ZMR  films  for  very- 
thin-film  (0.1pm)  SOI  processes.  A  better  understanding  of 
the  underlying  mechanism  may  help  in  reducing  the  magnitude 
of  the  phenomenon.  In  the  present  work,  a  possible  qualita¬ 
tive  model  based  on  the  interface  energy  equilibrium  at  the 
•triple*  line  defined  as  the  intersection  line  between  the 
solidification  interface  and  the  cap  layer  interface  is 
presented. 

In  the  regime  under  study  the  solidification  interface  is 
believed  to  consist  of  rounded  segments  with  deep  cusps  in 
between  which  is  typical  for  a  cellular  growth.  The  valleys 
of  the  surface  ripples  are  believed  to  coincide  with  the 
locations  of  these  cusps.  Consider  now  the  interface  energy 
equilibrium  along  Hie  triple  line  in  a  plane  which  is 
normal  to  this  line.  The  liquid  surface  has  a  meniscus 
shape  which  is  characterized  by  the  typical  *meniscus 
angle*  at  the  triple  line.  This  is  easy  to  imagine  for  the 
forward  tip  of  the  curved  segments.  It  merely  means  that 
the  liquid  surface  has  a  positive  slope  as  one  looks  into 
the  scan  direction.  Nhen  considering  points  more  closely  to 
the  center  of  a  cusp,  one  can  see  that  the  liquid  meniscus 
trapped  between  two  neighbouring  branches  of  the  cusp  be- 
comas  smaller  and  smaller.  In  order  to  maintain  the  conti¬ 
nuity  of  the  slope  of  the  liquid  surface,  eventually  the 
complete  surface  force  equilibrium  diagram  (including  the 
solid  silicon  -  cap  interface)  will  tend  to  rotate  down¬ 
ward.  This  implies  also  that  the  surface  of  the  laterally 
growing  cells  will  be  pushed  downward  leading  to  a  dimple 
in  the  final  film. 


A9.36 

PARAMETRIC  STUDY  OF  THE  ZONE-MELTING- 
RECRYSTALLIZATION  PROCESS  OF  SOI  STRUCTURES. 

Joseph  Lipman,  loannls  N.  Mlaoulis*.  Mechanical 
Engineering  Department,  Tufts  University,  Medford, 
MA  02155;  and  Jim  S.  Im,  Materials  Science  and 
Engineering  Department,  M.I.T.,  Cambridge,  MA  02139 

A  numerical  simulation  of  the  Zone-Melting- 
Recrystallization  (ZMR)  thermal  processing 
technique  was  developed.  The  finite  difference 
algorithms  used  enabled  the  investigators  to  obtain 
temperature  distributions  in  thin 
Silicon  On  Insulator  structures.  Effects  not 
usually  treated  by  the  existing  analytical  and 
numerical  solutions  such  as  convective  and 
radiative  losses  from  the  surface  of  the  film, 
phase  change,  temperature  dependent  thermal 
properties,  and  significant  optical  property 
variations  during  phase  change  were  included  in  the 
simulation.  Different  heat  strip  geometries  and 
temperatures  were  simulated,  and  the  results 
obtained  matched  experimental  observations.  The 
parametric  study  focused  on  four  different  areas; 

1)  the  relationship  between  the  temperature  of  the 
heating  source  and  the  velocity;  ii)  the  effects  of 
the  non-linearities  induced  by  the  treatment  of  the 
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thermal  properties  as  temperature  dependent;  iii) 
the  effects  of  the  natural  convection  heat  transfer 
from  the  structure  to  the  inert  gases  typically 
used  as  atmospheres  during  processing,  and  iv)  the 
heat  conduction  effects  induced  by  the  multilayer 
nature  of  the  SOI  structure  to  the  temperature 
distribution.  Results  of  this  study  are  presented 
in  graphical  form  and  can  be  used  by  investigators 
to  optimize  ZMR  processing.  This  research  was 
supported  by  NSF  grant  MSM-8817949 

•author  to  whom  correspondence  should  be  addressed 
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THE  EFFECT  OF  CHROMIUM  IMPLANTATION  ON  THE  FRACTURE 
STRENGTH  OF  A1,0,.*  M.  £■  O' Hern.  C.  J.  McHargue. 

C.  W.  White,  Oak  Ridge  NatfonaT Laboratory,  P.0.  Box  2008, 
Oak  Ridge,  TN  37831-6117,  and  G.  C.  Farlow,  Wright  State 
University,  Dayton,  OH  4543S. 

The  fracture  strength  of  two  orthogonally  oriented  single 
crystals  of  sapphire  Implanted  with  1  x  10”  Cr/cm*  (180 
keV)  was  determined  by  four-point  bend  testing.  The  frac¬ 
ture  strength  Is  increased  by  the  chromium  Implantation. 

The  effects  of  crystal  orientation  are  addressed  for  both 
the  implanted  and  unimplanted  states. 

The  mechanisms  responsible  for  the  Increase  In  transverse 
rupture  strength  are  discussed  and  correlated  with  other 
measured  mechanical  properties. 


•Research  sponsored  by  the  Division  of  Materials  Sciences, 
U.S.  Department  of  Energy,  under  contract  DE-AC05-840R21400 
with  the  Martin  Marietta  Energy  Systems,  Inc. 
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ion-implantation  induced  amorphization  of  ceramic 

OXIDES*  D.F.  Pedraza.  Metals  and  Ceramics  Division.  Oak  Ridge 
National  Laboratory,  Oak  Ridge,  TN  37831-6376 

A  theoretical  study  of  the  mechanisms  of  ion- implantation  induced 
amorphization  of  ceramic  oxides  is  conducted  based  on  the  hypothesis 
tHat  the  production  of  highly  localized  and  strongly  anisotropic 
distortions  causes  lattice  destabilization  and  the  consequent  transition  to 
the  amorphous  state,  a-alumina  is  taken  as  a  model  system  to  develop  a 
detailed  mathematical  approach  capable  of  predicting  the  kinetics  of 
amorphization.  It  is  known  from  experiment  that  many  metallic  and  noble 
gas  elements  implanted  at  liquid  nitrogen  temperature  to  concentrations 
less  than  3%  induce  amorphization.  The  effect  of  implantation  is  first 
studied  at  these  low  temperatures. 

Two  aspects  of  the  implantation  process  are  considered.  One  is  the  site 
location  and  the  other  is  displacement  damage  caused  by  the  bombarding 
species.  The  oxygen  sublattice  is  taken  as  the  reference  lattice. 
Irradiation  is  assumed  to  produce  only  vacancies  and  interstitials,  of  both 
oxygen  and  aluminum,  and  also  to  displace  already  implanted  impurities 
from  the  sites  they  are  located.  It  is  assumed  that  aluminum  can  be 
displaced  into  any  of  the  available  interstitial  positions,  but  may  not 
occupy  oxygen  sublattice  sites.  The  implanted  species  is  also  assumed  to 
be  able  to  occupy  only  interstitial  sites.  Oxygen  can  be  displaced  into  any 
interstitial  site  depending  on  the  level  of  disorder  of  the  aluminum 
sublaftice.  As  a  consequence,  randomization  of  the  aluminum  sub-lattice  is 
first  produced.  The  atomic  mechanism  leading  to  localized  distortions  is 
assumed  to  be  the  accumulation  of  implanted  impurities  into  tetrahedral 
interstices,  it  is  postulated  that  once  this  accumulation  reaches  a  critical 
value  in  a  small  region,  amorphization  of  this  region  follows.  The 
calculations  yield  a  fast  amorphization  rate  once  the  local  impurity 
concentration  reaches  a  certain  level. 

’Research  sponsored  by  the  Division  of  Materials  Sciences,  U.S. 
Department  of  Energy,  under  Contract  DE-AC05-840R2I400  with  Martin 
Marietta  Energy  Systems,  Inc. 
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META3TARLB  STATES  A HD  INCREASE  IN  CORROSION  - 
MECHANIC AX  RESISTANCE  IN  STEELS  IRRADIATED  BY 
HIGH  ROWER  ION  BEAUS.  A.D.Eogrebniak.  V.P.Kuah- 
narenko,  N.N.Shabanov,  Nuclear  Physics  Institute, 
634050  Tomsk,  P.O.Box  25,  USSR)  A.K.Maksimov, 
Yu.M.Iesikov,  V.M.Yugal,  Tenglzneftegas,  Kulsary 
department,  K&z.ASSR. 


One  of  the  promising  ways  to  improve  operation 
properties  of  structural  materials  is  to  irradi¬ 
ate  alloy  surfaces  by  high  power  ion  beams(HPlB). 
Today  the  method,  to  evaluate  material  resistance 
to  corrosion  cracking  under  low  rate  deformation 
of  samples  (  10"*  to  Iff'  b'j  is  being  extensive¬ 
ly  developed.  This  method  allows  urgent  informa¬ 
tion  about  corrosion  crocking  abilities  of  inve¬ 
stigated  materials  or  efficiency  of  protection 
methods  when  traditional  methods  cannot  yield 
valuable  information  or  need  longer  time  of  ex¬ 
posure.  Effect  of  HPIB  exposure  on  hydrogen  cra¬ 
cking  resistance  of  45  steel  has  been  investiga¬ 
ted.  Changes  in  physico-chemical  surface  proper¬ 
ties  were  investigated  using  SIMS,  micro hardness 
measurements(Micromet) ,  ISM  and  .  Irradia  - 
tion  chamber  of  the  modified  TONUS  accelerator 
was  evacuated  to  10  Torr,  the  beam  parameters 
were  1  B*  0.2  to  0.5  MeV,  j*  20  to  250  A/cm 
current  density, HE  »  60  to  80  ns  pulse  duration  . 
Corrosion  cracking  tests  were  performed  in  a 
hydrogen  sulphide  medium  NACE,  p«  ■  3,  T  -  294 S, 
with  2  x  10*  s’1  deformation  rate  .  Results  of 
those  tests  evldenoed  increased  oorrosion  resis¬ 
tance  of  investigated  steel  45  after  HPIB  expo¬ 
sure,  j  ^  120  A/cm  (number  of  pulses  exceeded5) 
Amorphization  of  a  surface  layer jCl  was  observ¬ 
ed  in  modified  samples  . 
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ION  BEAM  INDUCED  CONDUCTIVITY  CHANGES  IN  GLASSY 
CARBON.  Dougal  McCulloch  and  Steven  Prawer .  Dept 
of  Applied  Physics/Microelectronics  and  Materials 
Technology  Centre,  Royal  Melbourne  Institute  of 
Technology,  G.P.O.  Box  2476V,  Melbourne,  Victoria 
3001,  AUSTRALIA. 

Glassy  Carbon  is  produced  by  the  controlled 
thermal  degradation  of  specific  polymer-type 
materials.  Microstructurally  it  consists  of  a 
tangle  of  graphite-like  ribbons  or  microfibrils. 
It  is  moderately  hard,  chemically  inert, 
impermeable  and  biocompatible.  Recent  studies  have 
shown  that  ion  beam  irradiation  of  Glassy  Carbon 
significantly  enhances  its  wear  resistance  making 
it  a  much  more  attractive  material  for 
bioengineering  applications. 

As  part  of  an  attempt  to  understand  the  mechanisms 
by  which  this  enhancement  occurs,  the  electronic 
structure  of  implanted  GC  has  been  investigated  by 
surface  resistivity  measurements.  Unirradiated  GC 
baa  a  resistivity  of  4.5*10-3  ohm-cm.  Ion  beam 
irradiation  of  Glassy  Carbon  leads  to  an  increase 
in  the  resistivity  of  the  implanted  layer  of  up  to 
seven  orders  of  magnitude. 

This  ion  beam  induced  increase  in  the  resistivity 
is  concomitant  with  an  increase  in 
microstructural  disorder  as  monitored  by  Raman 
Spectroscopy.  Both  the  Raman  and  resistivity 
measurements  suggest  that  the  material  undergoes 
an  ion-beam  inducad  '  transformation  at  damage 
levels  of  about  0.5  displacamsnta  per  atom.  At 
higher  doses  evidence  exists  for  an  ion  beam 
induced  annealing  effect. 
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SYNTHESIS  OF  HoS2  PHASE  IN  THE  NEAR  SURFACE  REGION  OF 
A)203  ANO  Zr02  BY  ION  IHPLANTATION.*  A.  K.  Rai. 
R.  S.  Bhattacharya  and  D.  Patrlzio,  Universal  Energy 
Systems,  Inc.,  4401  Dayton-Xenia  Road,  Dayton,  OH. 

Ion  Implantation  has  been  widely  used  as  a  powerful 
technique  to  dope  semiconductor  surfaces.  Also,  new 
materials  have  been  synthesized  through  the  reaction  of 
the  Implanted  species  with  the  substrate.  Not  much  work 
has  been  done  in  utilizing  ion  implantation  technique  to 
synthesize  new  compound  phases  from  Implant  constituent 
elements.  This  process  can  provide  controlled 

incorporation  of  desired  compounds  In  the  near  surface 
region  of  various  materials.  Surface  sensitive  properties 
of  a  particular  material  can  thus  be  Improved  by  choosing 
the  proper  compound. 

The  aim  of  this  research  work  was  to  explore  Ion 
implantation  technique  to  produce  NcS2,  a  solid 
lubricant,  in  the  near  surface  region  of  A1203  and 
Zr02  substrates.  Dual  implantations  of  Ho4  and  S4 
ions  were  performed  in  A1203  and  Zr02.  The  energies 
of  the  implants  were  adjusted  to  obtain  overlapping 
profiles  of  No4  and  S4  Ions.  Rutherford  backscatterlng 
spectroscopy  and  Auger  electron  spectroscopy  were  used  to 
determine  the  profiles  of  No4'  and  S4  before  and  after 
annealing.  Formation  of  MoS2  after  post  Implant 
annealing  was  confirmed  by  transmission  electron 
microscopy.  Preliminary  results  of  friction  and  wear 
measurements  on  the  implanted  and  annealed  substrates  will 
be  discussed. 

*  This  work  was  supported  by  the  DOE,  ECUT  Contract  No. 

0E-AC02-88CE90026. 
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EFFECT  OF  Y-RAOIATION  ON  PHYSICO-CHEMICAL  PROPERTIES 
OF  LANTHANUM  COBALTATE  (LaCoO  ).  B.  Srinivas, 
V  .  R .  S .  Rao  and  J.C.  Kuriacose,  Department  of  Chemistry, 
Indian  Institute  of  Technology,  Madras-600  036,  INDIA. 

The  decomposition  of  H20-  on  y-irradiated  LaCoO^  has  been 
studied.  Pre-irradiation  of  LaCoO,  in  moist  atmosphere 
leads  to  the  formation  of  chemisorbed  (surface  excess) 
oxygen,  transition  metal  reduction  and  enhanced  catalytic 
activity.  The  enhancement  in  the  catalytic  activity  is 
directly  proportional  to  the  amount  of  reduced  metal. 

The  electrical  conductivity  of  the  sample  pellets  is 
found  to  decrease  with  increase  in  Y-dose.  This  is  attri¬ 
buted  to  the  trapping  of  charge  carriers  (electrons) 
by  chemisorbed  oxygen  formed  during  Y -radiation.  X-band 
ESR  spectrum  of  Y-irradlated  LaCoO.  gives  two  signals 
g„  «  2.047  and  gt  2.006  which  are  assigned  to  the 
superoxide  ion  (0*) .  X-ray  photoelectron  spectroscopy 
was  employed  to  Investigate  the  possible  su  race  modi¬ 
fications  occurlng  during  Y-irradiatlon.  No  significant 
change  in  the  surface  is  noticed  in  LaCoO,  irradiated 
in  vacuum  and  dry  oxygen.  However,  samples  irradiated 
in  air  and  moist  oxygen  show  the  following  changes. 
The  0  Is  region  gives  two  peaks  at  532.3  eV  and 
529.8  eV  which  are  assigned  to  chemisorbed  oxygen 
(O  )  and  lattice  oxygen  (0Z_)  respectively.  The  first 
peak  steadily  decrease  when  the  sample  is  subjected 
to  Ar  ion  sputtering.  The  binding  energy  of  Co  2p, ,, 
shows  a  shift  of  0.5  eV  towards  lower  value.  There 
is  also  a  broadening,  +  of  the  peak  which  Indicates 
reduction  of  Co°  to  Co"  probably  by  hydrated  electron^ 
produced  during  Y-lrradlatlon  in  moist  atmosphere.  Ar 
ion  sputtering  increases  the  intensity  of  the  Co  2p  signal 
implying  cobalt  metal  ion  segregation  to  the  surface 
during  Y-lrradlatlon. 
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STRUCTURAL  AND  THERMODYNAMIC  PROPERTIES  OF 
AMORPfUZED  Si  FORMED  BY  MeV  Si  BEAMS.  S.  Rootda  sod 
W.  C  Sinke,  FOM  Institute  for  Atomic  and  Molecular  Physics, 
Amsterdam,  The  Netherlands;  J.  M.  Poate,  D.  C  Jacobson,  S.  Dietin', 

B.  S.  Dennis,  AT&T  Bell  Laboratories,  Murray  Hill,  NJ;  P.  Fuoss, 
AT&T  Bell  Laboratories,  Holmdel,  NJ;  and  F.  Spaepen,  Harvard 
University,  Cambridge,  MA. 

Apart  from  its  technological  applications,  amorphous  (a)  Si  is  of 
fundamental  interest  because  it  is  the  prototype  of  a  covalently  bonded 
disordered  solid.  Implantation  with  MeV  Si  ion  beams  can  be  used  to 
form  a-Si  layers  which  ate  impurity  and  void  free.  In  contrast, 
deposited  a-Si  layers  will  generally  exhibit  internal  surfaces  and  will 
contain  impurities  from  either  the  deposition  process  or  in-diffusion. 
The  implanted  a-Si  layers  make  it  possible  to  study  fundamental 
properties  of  a-Si,  and  especially  variations  in  these  properties  as  a 
result  of  annealing  at  moderate  temperatures. 

The  a-Si  layers  were  formed  by  21  Si  bombardments  at  energies  as  high 
as  8  MeV  with  the  substrates  held  at  77K.  Differential  Scanning 
Calorimetry  is  used  to  determine  die  energy  stored  in  the  amorphous 
network,  and  to  investigate  the  time  evolution  of  structural  relaxation. 
Raman  spectroscopy  is  employed  to  characterize  vibrational  properties 
of  a-Si  in  its  different  states  of  relaxation.  The  observed  changes  are 
consistent  with,  but  do  not  unambiguously  prove,  a  decrease  in  avenge 
bond  angle  distortion  upon  annealing.  Finally,  X-ny  diffraction  shows 
that  differences  in  atomic  structure  are  mainly  due  to  reordering  on  a 
distance  scale  of  more  than  one  bond  length. 

A9.44 

THE  ROLE  OF  ION  BEAMS  IN  CHANGING  THE  STATE  OF 
RELAXATION  OF  AMORFHIZED  Si.  S.  Roorria  and  W.  C  Sinke, 
FOM  Institute  for  Atomic  and  Molecular  Physics,  Amsterdam.  The 
Netherlands;  J.  M.  Poate,  S.  Darker,  B.  S.  Dennis,  D.  C  Jacobson, 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ;  and  F.  Spaepen,  Harvard 
University,  Cambridge,  MA. 

A  fundamental  difference  between  amorphous  Si  prepared  by  Si 
implantation  (amcrphized  Si)  and  crystalline  Si  lies  in  die  fact  that  the 
ordered  crystal  is  well  defined,  whereas  the  disordered  amorphous  state 
allows  for  a  range  of  different  structures.  Consequently,  many 
properties  of  a-Si  are  variable  and  depend  on  thermal  history.  The 
transition  from  a  state  with  high  internal  energy  to  a  low  energy  is 
known  as  structural  relaxation  and  is  accompanied  by  a  heat  release  of 
several  kJ/mole. 

Structural  relaxation  is  generally  interpreted  as  a  decrease  in  average 
bond  angle  distortion  in  the  amorphous  network,  but  the  role  of  defects 
such  as  floating  and  dangling  bonds,  interstitials  and  vacancies  is 
unclear. 

In  this  paper  we  show  that  relaxed,  amorphized  Si  can  be  brought  back 
to  its  high  internal  energy  ‘unrelaxed’  state  by  irradiation  with  a  variety 
of  MeV  ions  such  as  He,  C,  Si  and  Ge.  This  phenomenon  occurs  at 
substantially  lower  fluences  than  are  necessary  for  amorphizarion  of  c-Si 
and  has  been  found  to  be  due  to  nuclear  rather  than  electronic  energy 
losses.  We  will  discuss,  in  die  context  of  these  results,  the  relationship 
between  bond  angle  distortion  and  defects  in  a-Si. 

A9.45 

CONCENTRATION  DEPENDENCE  OF  STRUCTURE  AND  CONTACT  ELECTRON¬ 
IC  DENSITY  IN  IRON  IMPLANTED  SILICON.  Francisco  H.  Stnchez, 
and  Marcela  B.  FemSmlez  van  Raap,  Deportamento  de  Ffsica, 
Facultad  de  Ciencias  Exactas,  Univeraidad  Nacional  de  La 
Plata,  La  Plata,  Argentina. 

3?Fe  MBeebeuer  data  obtained  from  the  Sii_xFex  syetem  pro¬ 
duced  by  iron  implantation  into  silicon,  have  been  analyzed 
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as  a  function  of  x  in  the  vange  0.001<x<0.40.  X-ray  diffra£ 
tion  results  suggest  a  high  disordered,  probably  amorphous, 
system.  It  was  found  that  both  the  MOssbauer  isomer  shift 
and  the  quadrupole  splitting  follow  a  logarithmic  function 
of  x  with  a  change  of  slope  in  the  vicinity  of  x«0.20, 
which  was  associated  with  a  structural  transformation.  From 
the  isomer  shift  data  follows  that  the  electronic  charge 
density  at  the  iron  nuclear  site  increases  linearly  with 
ln(xl  for  X  up  to  0.20,  and  then  decreases  in  the  range 
0.20<x<0.40. 

These  results  are  discussed  interns  of  the  type  of  atomic 
order,  Si(Fe)  band  structure  and  electronic  interactions, 
and  the  character,  attractive  or  repulsive,  of  the  Si-Fe 
and  Fe-Fe  interactions  in  the  system. 

A9.46 

CHANGE  IN  MAGNETIC  CHARACTERISTIC  OF  301 
STAINLESS  STEEL  IRRADIATED  WITH  LASER  AND  ION 
BEAMS.  H.  Sanda  ,  M.  Takai,  and  S.  Namba, 
Faculty  of  Engineering  Science  and  Research 
Center  for  Extreme  materials,  Osaka  University, 
Toyonaka,  Osaka,  Japan. 

301  stainless  steel: has  two  stable  phases  in 
room  temperature,  i.e.,  an  austenitic  phase 
which  is  a  f.c.c.  structure  and  nonmagnetic, 
and  a  martensitic  phase  which  is  a  mixture  of 
b.c.c.  and  b.c.t.  structures  and  ferromagnetic. 
Cold-rolled  301  stainless  steel  foils, 
consisting  of  two  mixed  phases,  were  irradiated 
with  laser  or  ion  beams  to  investigate  the 
magnetic  modification  accompanied  with  the 
phase  transformations.  The  intensity  of  the 
magnetic  signals  related  with  the  magnetic 
susceptibility  of  the  samples  decreased  by 
irradiation  with  a  focused  Ar-ion  laser  beam 
from  a  laser  power  of  350mW  to  550mW  with  a 
beam  spot  size  of  13.2  um  (at  1/e  intensity), 
indicating  that  the  martensitic  phase  was 
transformed  into  the  austenitic  phase  by  laser 
annealing  and  quenching.  On  the  other  hand, 
the  intensity  of  the  magnetic  signal  of  the 
sample  increased  by  implantation  at  3  MeV  with 
Si+*  ions,  indicating  that  the  austenitic  phase 
was  transformed  into  the  martensitic  phase  at 
the  surface  layer  by  ion  induced  stress.  These 
results  indicates  that  the  beam  induced  phase- 
change  in  301  stainless  steel  can  be  applied  to 
read-only  magnetic  recording. 

*On  leave  from  Glory  Ltd.,  Himeji,  Hyogo,  Japan 
A9.47 

TRANSIENT  DIFFUSION  IN  BORON  ION  IMPLANTED 
SKI 00);  R.J.  Schreutelkampl .  R.E.  Kaim2,  J.F.M. 
Westendorp2,  K.T.F.  Janssen^,  J.J.M.  Ottenheim^  and  F.W. 
Saris l;l-FOM  Institute  for  Atomic  and  Molecular  Physics, 
Kruislaan  407,  1098  SJ  Amsterdam,  The  Netherlands;2- 
Varian/Extrion  division,  123  Brimbal  Avenue,  Beverly,  MA 
01915,  USA;3-Philips  Research  Laboratories,  p.o.  box 
80.000,  5600  JA  Eindhoven,  The  Netherlands 

We  have  studied  the  transient  diffusion  behaviour  of  boron 
in  silicon.  The  boron  ions  were  implanted  in  Si(100)  at 
energies  of  5  and  10  keV  and  at  a  low  dose  of  Ixl0^/cm2. 
The  implantations  were  done  under  both  random  and 
channeled  condition.  The  channeled  implantations  were  done 
along  [100]  direction.  After  RTA  at  a  temperature  ranging 
from  900°C  to  1 100°C  we  observe  strong  differences  in 


transient  diffusion  between  the  random  and  channeled 
implants.  In  this  paper  we  discuss  our  results  on  basis  of  the 
different  models  for  the  transient  diffusion  mechanism.  Our 
results  support  a  model  in  which  interstitial  boron  atoms  are 
the  cause  of  the  transient  diffusion. 

A9.48 

RBS  STUDIES  OF  DAMAGE  BEHAVIOR  IN  SILICON  INDUCED 
BY  P2  +  IMPLANTATION.  Yang  Genqing,  Lin  Chenglu, 
Fang  Ziwei,  Zhou  Zuyao  ana  Zou  Shichang,  Ion 
Beam  Lab.,  Shanghai  Institute  of  Metallurgy, 
Academia  Sinica,  Shanghai  200050,  China 

The  damage  behavior  of  <100>-Si  implanted  with 
P^+  and  P+  at  equivalent  energies  were  inves¬ 
tigated  by  2MeV  He+  backscattering  and  channeling 
analysis.  Different  incident  energies  (25— 
180KeV)  and  intermediate  doses  (10'3-10‘“)  were 
used  for  the  implantation  with  sample  holder 
being  kept  at  a  temperature  ranging  from  77K  to 
483K.  In  each  monoatomic-diatomic  comparison, 
the  ion  dose  and  the  dose  rate  of  P2+  were  equal 
to  half  of  those  of  P+  ions  in  order  to  keep  the 
total  atomic  number  of  the  implants  and  the 
energy  deposition  rate  unchanged.  It  hus  been 
shown  that  the  damage  created  by  P2+  implants 
is  always  greater  than  that  of  P+  implants  when 
the  rtosage  is  below  the  damage  threshold  fluence 
at  which  layered  amorphization  takes  place,  and 
furthermore,  this  damage  enhancement  phenomenon 
is  strongly  related  with  implantation  tempera¬ 
ture.  It  has  been  shown  also  that  the  annealing 
processes  of  the  samples  implanted  with  P2+  and 
P+  at  doses  near  damage  threshold  fluence  behave 
differently.  We  attribute  essentially  the  damage 
enhancement  of  diatomic  ion  implantation  to  the 
effects  of  simultaneous  cascades  overlap  and  the 
multiple  collision  between  molecular  fragments 
and  target  atoms. 

A9.49 

INVESTIGATION  ON  MECHANISMS  FOR  ION  BEAM  INDUCED 
DEGRADATION  OF  POLYIMIDE .  X.L.  Xu,  Zhou  Zuyao, 
Chen  Lizhi,  Zou  Shichang,  Ion  Beam  Lab., 

Shanghai  Institute  of  Metallurgy,  Academia  Sinica 
Shanghai  200050,  China 

Three  types  of  ions  with  different  atomic  masses 
(B,  Ar,  and  As)  were  chosen  to  irradiate  polyi- 
mide  films  in  similar  conditions  in  order  to 
check  the  mechanisms  of  the  formation  of  ion  beam 
induced  damage  in  polyimide.  A  four-point  probe 
technique  was  used  to  measure  sheet  resistivities 
of  implanted  films.  An  ion  mass  effect  on  con¬ 
ductivity  of  ion  irradiated  polyimide  film  was 
discovered.  The  ion  mass  effect  on  ion  beam 
induced  change  of  conductivity  and  on  the  energy 
loss  process  of  the  ions  in  polyimide  suggest 
that  the  electronic  energy  loss  of  incident  ions 
is  an  important  factor  for  the  raise  of  conduc¬ 
tivity  of  implanted  polyimide,  and  the  contribu¬ 
tions  of  recoil  ionization  are  restricted  by  the 
grave  damages  as  a  result  of  nuclear  energy  loss 
process  of  ions  in  targets.  Our  hypothesis  are 
supported  by  the  automatic  spreading  resistance 
measurement  of  B+  implanted  polyimide  film  coated 
on  silicon  substrate.  The  results  of  this  work 
have  been  compared  with  the  hypothesis  of  degra¬ 
dation  through  direct  knock  on  of  atoms  in  polyi¬ 
mide,  proposed  by  D.  Fink  et  al  iNucl.  Instr.  and 
Meth.  B32  (1988)  125). 
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A9.50 

EVALUATION  OF  SURFACE  EFFECT  ON  DISLOCATION 
LOOP  NUCLEATION  Naoto  Shigenaka.  Tsuneyuki 
Hashimoto  and  Motomasa  Fuse,  Energy  Research  Laboratory, 
Hitachi  Ltd.,  1168  Moriyama,  Hitachi,  Ibaraki, 316  Japan 


Dislocation  loop  nucleation  was  investigated  in  type  304 
stainless  steel  under  ion  irradiation.  The  3mm$  disk 
specimens  (0.1mm  thick)  were  annealed  at  1200°C  for  10 
hours,  and  irradiated  with  300  keV  He*  ions  in  the  following 
ways. 

Case  1  :  The  specimen  was  electro-polished  for  TEM 
observation  prior  to  ion  irradiation  (thin  foil 
irradiation  case). 

Case  II  :  The  specimen  was  irradiated,  and  then  electro- 

a'ished  from  the  unirradiated  rear  surface 
ore  TEM  observation  (thick  foil  irradiation 
case). 

Ion  irradiations  were  performed  in  the  damage-rate  range 
between  10  s  and  10-4  dpa/s,  and  temperature  range  between 
300  and  450*0. 

Dislocation  loop  density  was  measured  and  the  following 
results  were  obtained. 

Case  1  :  The  dislocation  loop  density  was  proportional  to 
damage  rate,  and  the  apparent  activation  energy 
of  dislocation  loop  nucleation  was  determined  to 
be  0.8eV  from  the  Arrhenius  plot. 

Case  11  :  The  density  was  proportional  to  the  0.66  power 
of  the  damage  rate,  and  the  apparent  activation 
energy  was  0.5 eV. 

These  experimental  observations  were  consistent  with  the 
predictions  of  a  rate  theory-based  model  in  which  a  di- 
mterstitial  was  assumed  to  be  the  nucleus  of  a  dislocation  loop 
and  point  defect  flow  toward  the  surface  was  included. 

A9.51 

STRUCTURAL  ANALYSIS  OF  KETASTABLE  PHASES  IN 
INTERMETALLIC  ALLOYS  PRODUCED  BY  ELECTRON 
IRRADIATION  AND  NON - EQU I  LI BR I UM  PROCESSING. 

U.  Slnkler  and  D.E.  Luzzi.  Dept,  of  Material* 
Science,  University  of  Pennsylvania,  Philadelphia, 
PA  19104-6272. 

Electron  Imaging  and  diffraction  are  used  to 
characterize  and  contrast  the  structures  and 
olcrostructures  of  setastable  intern# tal 1 ic  phases 
formed  during  electron  Irradiation  and  after 
quenching.  Intermediate  structures  are  formed 
during  the  early  stage*  of  electron  Irradiation 
Induced  amorphlzatlon  In  Cu-Tl  Internet* 1 1 Ic 
alloys  which  display  a  marked  structural 
anisotropy.  A  similar  obaarvation  has  been  made 
In  quenched- Cr - T1  where  the  diffusa  scattering 
from  the  quenched-ln  phase  bears  a  striking 
resemblance  to  the  diffuse  scattering  seen  prior 
to  amorphlzatlon  In  the  Cu-Tl  alloys  (all  of  these 
phases  are  bcc-based  structures).  It  has  bean 
reported  In  tha  literature  that  this  quenched-in 
metastable  Cr-Tl  phase  undergoes  a  spontaneous 
structural  relaxation  Into  the  amorphous  state 
during  sub-eutectold  temperature  anneals  [1].  The 
Intereating  question  as  to  the  structural 
relationship  between  the  pre-amorphlzed  Cu-Tl 
phase  and  the  quenched-ln  Cr-Tl  phase  Is 
addressed.  The  dependences  of  these  structures  on 
the  processing  parameters  (dose,  quenching 
conditions,  temperature)  are  characterized  using 
electron  diffraction  and  conventional  and  hlgh- 
resolutlon  imaging. 

1.  A.  Blatter,  K.  von  Allmen  and  N.  Baltzer,  J. 
Appl .  Phys.  62  (19B7)  276-280. 


A9.52 

SPATIAL  DAMAGE  DISTRIBUTION  IN  ELECTRON - BEAM  PROCESSED 
GAAS-ALGAAS  HETEROSTRUCTRUES ,  EXPERIMENT  AND  THEORY.  Doran 
D.  Smith.  Tobin  Flnk*^,  U.  D.  Braddock"\  U  S  Army  Electron¬ 
ics  Technology  and  Devices  Laboratory,  Fort  Monmounth,  NJ 
07703-5000,  a)  Permanent  Address:  New  Jersey  Institute  of 
Technology,  Newark,  New  Jersey  07102,  b)  On  leave  fron 
Cornell  University. 


The  effect  of  electron  beam  Irradiation  on  the  trans¬ 
port  properties  of  KEMT  structures  has  been  studied.  The 
data  Is  found  to  agree  with  a  model  containing  no  free 
parameters  which  predicts  the  spatial  extent  and  type  of 
damage.  As  grown  HEMT  material  was  fabricated  Into  Hall 
bars.  The  material  was  then  characterized  by  measurement  of 
2D  EG  number  density  and  drift  mobility.  The  material  was 
then  Irradiated  at  constant  dose  with  electron  energies 
between  2.5  and  20  keV.  Damage  was  assessed  by  changes  In 
tha  number  density  and  mobility.  The  number  density  was 
unchanged  at  all  energies.  No  change  In  mobility  occurred 
for  2.5,  15,  and  20  keV,  however,  a  decrease  In  the  mobility 
occurred  for  energies  from  5.0  to  12.5  keV.  Experimental 
data  agrees  with  our  theoretical  model  of  the  electrons 
energy  loss  as  a  function  of  its'  path  length.  Primary 
energy  loss  mechanism  for  higher  energy  electrons,  E  >  1 

keV,  Is  ionization  of  the  stopping  medium,  while  for  low 
energy  electrons  single -particle  and  collective  excitations 
become  important.  Low  energy  results  are  explained  by  the 
shallow  penetration  depth  of  the  electrons.  Lack  of  damage 
at  high  energies  is  explained  by  low  energy  deposition  rates 
in  the  neighborhood  of  the  2D  EG,  and  the  increasing  remote¬ 
ness,  with  respect  to  the  2D  EG,  of  the  high  damage  area*. 
The  damage  is  explained  In  terms  of  the  creation  of  single 
Frenkal  pairs,  and  thus  la  analyzed  in  terms  of  a  single¬ 
vacancy  and/or  Interstitial  atom.  After  RTA  at  450* C  for  30 
seconds,  tha  damage  effect*  were  reduced  or  eliminated. 

A9.53 

ION  IMPLANTATION  induced  effects  at  polysilicon  gate 
FEATURE  EDGES.  M.  G.  Sunson  P  L.  SmiUl*  .  und  C  M  Osbum 
1  Microelectronics  Ccmcr  of  North  Carolina  iMCNCi.  P.O  Box  12889.  Research 
Triangle  Park.  North  Carolina  27709'.  :  Dept,  of  Electncal  and  Computer 
Engineering.  North  Carolina  State  University.  Raleigh.  North  Carolina  27695- 
7911. 


Recently,  an  enhanced  leakage  associated  with  ion  implantation  at  polvsilicon 
gate  edges  has  been  reported  (1).  In  this  study.  TEM  and  SIMS  characterization 
have  been  done  to  supplement  electncal  measurements  in  order  to  better  under¬ 
stand  the  degradation.  SIMS,  XTEM.  and  TRIM  analyses  of  arsenic  implants 
through  7  am  gate  oxides  show  considerable  ion  mixing.  A  roughening  of  the 
underlying  silicon  subs  trite  leads  to  asperities  which  are  believed  to  play  an 
important  role  in  enhancing  leakage  (2).  XTEM  analysis  of  a  polvsilicon  gate 
edge  also  reveals  the  effects  of  volume  expansion  associated  with  the  incorpora¬ 
tion  of  both  dopant  and  knock-on  oxygen. 


1.  M.  Stinson,  and  C.  Osburn.  submitted  for  publication. 

2.  DJ.  DiMana.  and  D.W.  Dong.  J.  Appl  Phys..  Vol.  31.  No.  5,(1980). 

A9.54 

PAST  TRANSIENT  ANNEALING  OP  NEUTRON 
TRANSMUTATION  DOPED  InP.  P.P.  Korshunov, 

E.A.  Kudriavtseva,  N.  A.  Sobolev.  T.  A.  Prokhorenko, 
N.G.Kolin.  Institute  ol  Solid  State  and  Semiconductor 
Physics,  220726  Minsk,  ul.  P.  Brovki,  17,  USSR 

Indium  atoms  have  a  very  large  capture  cross  section 
lor  thermal  neutrons.  This  leads  to  the  necessity  of 
performing  neutron  transmutation  doping  (NTD)  of  A  B_ 
semiconductors  with  A  -In  in  the  shape  of  wafers  a/ld 5 
not  of  ingots.  The  most  convenient  procedure  of  radia¬ 
tion  defect  (RD)  removing  in  the  bulk  of  single  wafers 
is  the  fast  transient  annealing  ( F'TA).  In  the  paper  we 
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present  investigations  of  defect  annealing  and  impurity 
activation  in  NTD  InP  in  the  course  of  PTA  by  means 
of  tungsten  halogen  lamps.  InP  crystals  with  NTD  level 
of  7.8E17  cm— 3  have  been  used.  Photoluminescence 
(PL)  and  Hall  effect  measurements  have  been  performed 
at  4.2  K  and  in  the  range  77. ..300  K,  respectively. 

At  FT  A  temperatures  Tj5600°C  PL  emerges  and  carrier 
concentration  n  starts  to  grow  monotonically.  The  PL 
spectrum  consists  essentially  of  two  broad  bands  —  on 
exciton  band  with  the  intensity  l(ex)  and  donor-  accep¬ 
tor  recombination  band  l(da).  The  ratio  R-l(da)/  I  (eg) 
and  n  increase  simultaneously  and  saturate  at  T>750  C. 
The  absolute  value  of  l(ex)  rises  up  to  T*>800  C  and 
then  starts  to  drop.  The  elecg'on  mobility  yu  increases q 
with  T  in  the  range  600... 750  C  rapidly  and  at  T>750  C 
only  slowly.  The  values  of  R,  I  (ex),  n,  /u  and  of  com¬ 
pensation  ratio  obtained  under  optimum  PTA  conditions 
are  the  same  as  in  the  case  of  standard  furnace 
annealing  under  equilibrium  phosphorus  vapour  pressure. 

The  processes  of  defect  annealing  and  electrical  acti¬ 
vation  of  the  main  transmuted  impurity  Sn  are  discussed. 

A9.55 


100  keV  implantation  (typically  100  -  200  nm).  At  doses  exceeding  a 
certain  threshold  dose  busters  were  observed  on  the  sample  surface.  It 
was  found  that  blistering  starts  as  soon  as  the  nitrogen  peak  concentration 
reaches  that  in  the  nitrogen-richest  nitride,  i.e.33  at.%  N  for  Fe  (Fe,N) 
and  50  at.%  N  for  Ti  (TiN). 

Furthermore,  nitride  precipitation  was  studied  as  a  function  of  temperature 
during  implantation.  RBS  was  used  to  follow  the  evolution  of  the  nitride 
concentration  profile  as  a  function  of  dose  and  XRD  was  applied  to 
monitor  the  different  nitride  phases  formed.  XRD  was  also  used  to 
measure  die  residual  stress  before  and  after  implantation,  by  using  the  d  - 
rinfy  method.  Although  large  volume  change  deep  beneath  the  sample 
surface,  associated  with  high  dose  (>5  x  101 7cm2)  MeV  implantation, 
could  in  general  induce  large  stress  fields,  only  small  changes  in  stress 
were  observed,  both  for  Fe  and  Ti.  For  all  different  implantation 
conditions  un  upper  limit  of  average  stress  change  in  a  surface  layer  of 
about  2  nm  was  found  to  be  10  MPa. 


A9.57 

CHARACTERISTICS  OF  METAL-p+ -GaAs  SCHOTTKY 
BARRIER  JUNCTION  FORMED  BY  FOCUSED-ION-BEAM 
IMPLANTATION  Nobuo  Watanabe.  Takeo  Tsukamoto 
and  Masahiko  Okunuki,  Canon  Research  Center,  5- 
1,  Morinosato-Wakamiya,  Atsugi-shi,  Kanagawa, 
Japan 


STF7CTS  OF  USfB  SURFACE  KELTIXC  011  STRUCTURE  CHARACTER 
AXE  ESC3I0K  RESISTANCE  OF  PLASMA-SPRAYED  CERAMIC  C0ATIN3S. 
Jia-Shu  Sun,  Tiar.jin  Institute  of  Technology,  Hong  Qi  Nan 
RoaJ,  San  Kai  District,  Tianjin  300191,  Peoples  Republic 
of  China. 

Aluaina  and  zirconia  powders  were  plasma  sprayed  onto  sand¬ 
blasted  steel  substraetes  using  a  conmercial  £0KV  arc 
placma-sprayedr.it.  A  2KJf  CO,  continuous  wave  laser  was  ussd 
to  treat  sods  of  plasma-sprayed  specimens.  The  mioro- 
morphology,  microstructure  and  crystalline  characters  of 
laser  csltsd  and  unprocessed  plasma-sprayed  ceramic  cas¬ 
tings,  were  examined  with  electron  microscope  and  X-ray 
diffractometer.  The  solid  particles  erosion  tests  were 
carried  out  in  a  rotating  blade-wheel  type  erosion 
equipment.  Quartz  sand  of  150  to  20Ckam  in  diameter  was 
ussd  as  the  erodant.  The  particles  impact  velocities  from 
30'to  70a/e  ware  used.  Results  of  this  study  have  shown 
that  laser  surface  melting  has  produced  mierostmeture 
chains  and  significant  improvement  in  solid  particle  at 
sion  resistance  of  plasma-sprayed  ceramic  coatings.  Ero¬ 
sion  mechanisms  of  ceramic  coatings  wars  investigated. 

In  plasma  spray  process,  the  00* ting  is  bull  up  particle 
by  particle}  each  particle  io  frozen  before  the  next  par¬ 
ticle  arrives.  This  results  in  a  layered  structure  and 
porosity  of  the  plasaa  sprayed  coatings,  therefor,  the 
erosion  ne'-banieas  ere  nainly  zicro-lacclle.  spalling. 

1-aBr  zelting  resulted  in  coalescence  and  porosity  reduc¬ 
tion  "  f  flame- up  rayed  ceranio  coatings,  therefor,  increa¬ 
sing  hardness  and  erosion  rssistanos  of  the  oe radio  coa¬ 
tings. 

A9.56 

M1CROSTRUCTURAL  ANALYST*'  OF  1  MEV  NITROGEN 
IMPLANTED  FE  AND  TI  SURFACES.  A.M.  Vredenbere  and 
F.W.  Sant.  FOM-lnsbtute  for  Atomic  and  Molecular  Phytict,  Kruislaan 
407.  1098  SJ  Amsterdam,  The  Netherlands;  N.M.  v.d.  Pers,  Th.H.  de 
Keijser,  P.F  Colijn  and  E J.  Mittemeijer,  Laboratory  of  Metallurgy,  Delft 
University  of  Technology,  Rotterdamseweg  137,  2628  AL  Delft,  The 
Netheriandt 

Nitrogen  implantation  is  a  well  known  technique  to  modify  tribological 
properties  of  metal  surfaces.  Up  to  now  for  this  purpose  mostly  medium 
energy,  typically  100  keV,  nitrogen  beams  are  used.  In  this  papa1  we  will 
focus  on  me  application  of  1  MeV  nitrogen  beams,  which  modify  much 
thicker  surface  regions  than  100  keV  beams. 

It  is  shown  that  the  hardness  increment  due  to  1  MeV  implantation  is 
much  Unger  than  that  due  to  100  keV  implantation.  TWa  may  be  attributed 
to  the  formadoo  of  nitrides  (u  observed  with  XRD),  which  are 
distributed  over  a  much  larger  depth  (typically  1  urn)  than  is  the  case  of 


He  have  Investigated  to  form  a  metal-p+-GaAs 
Schottky  barrier  junction  for  our  new  cold 
cathode (GaAe  avalanche  type)1*,  which  has  a 
small  p+-region  fabricated  by  focused-ion- 
beam(FlB)  implantation.  The  sample  is 
Be (lxl01*atoms/cm3)  doped  epitaxial  layer  grown 
by  MBE  on  7'off-sliced  (lOO)GaAs  wafer.  The 
conditions  of  accelerating  voltage,  ion  beam 
diameter  and  current  density  are  40kV(Be+), 
0.2pm  and  0.4A/cm2,  respectively.  After  the 
implantation,  the  sample  is  encapsulated  with 
Si02  and  annealed  at  850 ’C  for  1-min.  Thin 
Aluminum  film  is  evaporated  to  form  the  Schottky 
barrier  junction.  The  Schottky  barrier  heights 
decrease  gradually  from  0.62  to  0.56V  and  the 
ideal  factors  increase  from  1.09  to  1.19, 
following  the  doses  from  8xl012  to 
2xl014ions/cm2 .  These  phenomena  are  reasonable 
variations  for  the  Schottky  barrier  junction  in 
the  high  doped  region.  It  is  confirmed  that  the 
Schottky  barrier  junction  can  be  formed  on  the 
surface  under  the  FIB  implantation  with  the  high 
current  density. 

11  Second  International  Conference  on  Vacuum 
Microelectronics,  July  1989,  Bath,  England. 


19.58 

STUDY  OF  Hf  DIFFUSION  IN  a-Zr  USING  RUTHERFORD  ^ 
SACKSCATTERING  SPECTROMETRY.  F.Dyment*.  M.Behar-, 
?.L. Grande2 ,  E.Savino1,  and  F.C. Zawislak  . 

L)  Comission  Nacional  de  Energia  Atomica,  Buenos 
iires,  2)  Instituto  de  Flsica,  UFRGS,  91500  Porto 
Megre,  Brasil. 

The  diffusion  of  impurities  in  Zr  and  Zr  alloys  is 
of  importance  in  nuclear  technology.  Earlier  works 
have  shown  anomalous  diffusion  behaviours  m  a-Zr 
as  well  as  in  the  a-phases  of  the  other  group  IV  A 
elements,  Ti  and  Hf.  A  recent  study  of  self  dif¬ 
fusion  in  a-Zr  single  crystal1  showed  an  Arrhenius 
plot  curved  downwards  with  decreasing  temperature, 
corresponding  to  an  increase  of  the  activation  en- 

nergy  !Eat>  £ro»  1*2  eV  at  about  1100  K  Y 

at  800  K.  More  recently  the  diffusion  coefficients 
of  **Fe  impurity  in  a-Zr  single  crystal  were  measu¬ 
red  in  the  seme  range  of  temperatures.  Again  a  si¬ 
milarly  curved  Arrhenius  plot  was  obtained,  but  the 
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diffusion  coefficients  of  Fe  are  108  times  larger 
than  the  self-diffusion  ones. 

The  present  contribution  reports  on  measurements 
of  the  diffusion  coefficients  of  Hf  in  o-zr  single 
crystal  via  the  RBS  technique.  Films  of  200  8  have 
been  deposited  on  Zr  and  ennealed  at  a  pressure  of 
10“7  Torr.  Our  preliminary  results  also  display  a 
curved  Arrhenius  plot,  the  Eat  increasing  from 
about  0.5  eV  at  1100  K  to  2.5  eV  at  800  K.  In  ad¬ 
dition  our  data  show  that  at  1100  K  the  diffusion 
coefficients  of  Hf  are  a  factor  10z  smaller  than 
the  self  diffusion,  but  at  800  K  both  are  equal. 


stick  and  the  data  show  that  neon  promises  to  be  the  best 
choice  for  removal  of  adsorbed  species  at  the  lower  surface 
temperatures.  The  results  also  indicate  that  thermal 
mechanisms  may  be  important  in  the  removal  process  when 
surface  temperatures  reach  25K. 


A10.1  ABSTRACT  NOT  AVAILABLE 


AI0.2 

FREEZING  IN  SILICON  AT  LARGE  UNDERCOOLING 
A.  Poiman.  P.A.  Stolk  and  W.C.  Sinke,  FOM-Institute  AMOLF, 
P.O.  Box  41883, 1009  DB  Amsterdam,  The  Netherlands 


1.  J. Horvath  et  al.,  J.  Nucl.  Mat.  126  (1984)  206. 

2.  H.Nakajima  et  al.,  Phyl.  Mag.  58B  (1988)  319. 


A9.59 

COOPERATIVE  BEHAVIOR  IB  AN  ELECTRON  STIMULATED  Tl- 
Ba-Ca-Cu-0  SUPERCONDUCTOR.  J.  P.  Zhang  and  L. 

D.  Marks,  Center  for  Surface  Radiation  Damage 
Studies,  Department  of  Materials  Science  t 
Engineering,  Northwestern  University,  Evanston  IL 
60206. 

In  this  work  we  present  an  instantaneous  phase 
transformation  observed  in  TlfBa^a^CujOu,  which  is 
produced  by  electron  beam  irradiation  at  300  kv 
when  the  beam  flux  reaches  100±15  A/ cm1.  The 
remained  products  had  been  identified  as  CaCuO,  and 
BaO  by  means  of  high  resolution  electron 
microscopy.  The  volume  change  and  exhaustion  of 
thallium  from  the  transition  area  occurs  in  less 
than  l/30th  of  a  second  indicating  a  cooperative 
behavior  in  the  electron  stimulated  (Tl-Ol,  blocks. 
These  results  have  been  analyzed  by  treating  the 
ground  and  excited  states  in  an  ionic  crystal  as 
the  two  states  required  in  a  Ising  problem,  then 
using  the  Bragg-Williams  approximation  to  give  a 
statistical  estimation  of  the  possibility  of  a 
phase  transition.  This  theoretical  model  predicts 
the  existence  of  a  flux  threshold,  which  is  in 
qualitative  agreement  with 
the  experimental  results. 


A9.60 

THE  INTERACTION  OF  INERT  GAS  IONS  WITH  ADS0RBATE-C0VERE0 
CRYOGENIC  SURFACES.  George.  John  M.  Lindquist, 
Daryl  L.  Mossman,  Gencorp  Aerojet  Electrosystems  Co.,  P.O. 
Box  296,  Azusa,  Ca.  91702 


We  have  studied  the  Interaction  of  Inert  gas  ion  beams 
with  adsorbate-covered,  cryogenic  optical  *“J;*“*: 
Parameters  necessary  to  optimize  removal  of  different 
adsorbates  froe  Beryllium  and  gold-coated  substrates  will  be 
presented.  Mechanisms  for  the  ion-adsorbate  Interaction  and 
removal  process  will  also  be  discussed.  The  experiments 
cover  a  range  of  Ion  beam  voltages,  currents  etc.  for  neon, 
argon  and  helium  with  mirror  temperatures  ranging  from  room 
temperature  to  25K  +/-5K.  Adsorbate  species  include  water 
aamonia,  hexane  and  variable  mixtures  of  these  gases.  All 
ion  beam  experiments  were  performed  in  an  ultra-high  vacuum 
system,  with  a  base  pressure  of  1  x  10  10  torr.  During  the 
ion  bombardment  the  pressure  rose  to  1  x  10  torr. 
Adsorption  and  removal  were  monitored  by  X-Ray  Photoelectron 
Spectroscopy.  Ion-adsorbate  reactions  were  also  studied  as 
a  function  of  angle  of  incidence  of  the  beam. 


On  reactive  surfaces,  such  as  Beryllium,  argon  ion 
beams  were  found  to  Induce  chemical  reactions  as  low  as 
160k.  As  expected,  at  the  lower  temperatures  argon  gas 
condenses  on  the  mirror  surfaces.  However,  if  these  argon 
ions  were  provided  with  sufficient  kinetic  energv,  e.g.  5keV 
the  adsorbed  gas  could  be  removed.  Neon  and  helium  did  not 


We  have  studied  the  motion  of  a  Si  liquid-solid  interface  under  conditions 
of  extreme  undercooling.  From  measurements  of  the  interface  response 
function,  which  relates  the  freezing  velocity  to  the  temperature,  it  was 
possible  to  discriminate  between  kinetic  models  describing  freezing  in 
crystalline  silicon  (c-Si). 

High-energy  ion  implantation  was  used  to  produce  amorphous  Si  layers 
buried  in  a  c-Si  matrix.  These  structures  were  irradiated  with  a  pulsed 
ruby  laser.  Transient  reflectivity  and  conductivity  measurements  as  well  as 
channeling  and  cross-section  TEM  show  that  the  buried  layers  can  be 
crystallized  via  "epitaxial  explosive  crystallization".  Crystallization 
velocity  data  were  obtained  using  transient  interference  techniques  and 
interface  temperatures  were  derived  from  computer  simulation. 

The  data  show  that  the  crystallization  rate  is  remarkably  constant  at  -  16 
m/s  over  the  entire  temperature  range  from  150  to  225  K  below  the 
equilibrium  melting  point  of  c-Si.  These  data  are  compared  with  transition 
state  theory  (TSTj,  diffusion  limited  freezing  (Wilson-Frenkel)  theory  and 
a  recent  theory  which  takes  into  account  the  large  density  difference 
between  solid  and  liquid  Si  (P.M.  Richards.  Phys.  Rev.  B38,  2727 
(1988)). 

Best  agreement  between  theory  and  experiment  is  found  using  the  latter 
model,  which  suggests  that  local  transient  density  fluctuations  at  the 
freezing  interface  influence  solidification  on  an  atomic  scale.  A  Wilson- 
Frenkel  type  formulation  or  a  TST  with  an  activation  energy  for  the 
transition  state  of  0.6  eV  are  alternatives  which  however  do  not  fit  the  data 
as  well.  An  important  implication  of  all  three  models  is  that  the  interface- 
limited  freezing  velocity  in  c-Si  can  never  exceed  -  16-18  m/s. 

A10.3 

TRANSIENT  CONDUCTANCE  MEASUREMENTS  OF  SO¬ 
LIDIFICATION  VELOCITIES  OF  ELEMENTAL  METALS. 

Harry  A.  Atwater*,  J.A.  West,  Patrick  M.  Smith,  M.J.  AZJZ, 
Division  of  Applied  Sciences,  Harvard  University,  Cambridge 
MA;  J.Y.  Tsao  and  P.S.  Peercy,  Sandia  National  Laboratories, 
Albuquerque  NM;  and  Michael  O.  Thompson,  Department  of 
Materials  Science  and  Engineering,  Cornell  University,  Ithaca 
NY. 

We  have  performed  nanosecond-resolution  measurements  of  the 
lateral  electrical  resistivity  of  metal  thin  films  on  insulating  sub¬ 
strates.  Although  the  change  of  resistivity  on  melting  of  metals 
is  much  smaller  than  in  Si,  it  is  large  enough  to  be  detected  by 
the  transient  conductance  technique. 

Comparison  of  transient  conductance  measurements  with  opti¬ 
cal  reflectivity  measurements  and  heat-flow  calculations  permits 
the  determination  of  the  position  and  velocity  of  a  planar  crys¬ 
tal/melt  interface  during  pulsed  laser  melting  of  metals  such  as 
Al,  Ni,  and  Fe.  This  diagnostic  should  be  useful  in  a  number  of 
techniaues  of  solidification  processing  of  pure  metals  and  alloya 
’present  ad3fe'ss:  MS  1^95.  (Jallfornla  Institute  of  Technolo^ 

Pasadena  CA. 
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A10.4 

OBSERVATION  OF  PULSED  LASER-INDUCED  MELTING 
OF  SOLID  SURFACES  BY  OPTICAL  SPIN  ORIENTATION. 
A.  Vaterlaus.  M.  Lutz,  D.  Guarisco,  M.  Aeschlimann,  M.  Stampanoni, 
and  F.  Meier,  Laboratorium  fur  Festkbrperphysik,  ETH  Hdnggerberg, 
8093  Zurich,  Switzerland. 

Critical  laser  pulse  energies  for  melting  solid  surfaces  are  accurately 
determined  using  the  method  of  optical  spin  orientation.  In  this  experiment 
electrons  are  optically  excited  to  a  spin-polarized  final  state.The  polarization 
is  given  by  the  symmetry  of  the  lattice.  Upon  melting,  the  structural 
disorder  reduces  the  spin  polarization  to  zero.  By  measuring  the  spin 
polarization  of  optically  oriented  photoelectrons  information  on  the 
structural  order  of  a  thin  surface  sheet  (10  -  20  A)  is  obtained. 

Melting  of  the  sample  surfaces  was  achieved  using  laser  pulses  of  20  ns 
and  70  ps  duration.  For  Sn  the  polarization  vs.  pulse  energy  shows  a  step- 
function  like  behavior  for  both  pulse  durations  with  the  discontinuity  at  the 
melting  temperature.  From  the  similarity  of  the  two  curves  it  is  concluded 
that  the  structural  disorder  is  established  on  a  time-scale  shon  even  with 
respect  to  20  ps.  Positive  ion  emission  starts  at  pulse  energies  close  to  but 
slightly  below  those  where  the  drop  of  the  polarization  occurs. 

An  analogous  experiment  on  p-doped  Ge  shows  a  qualitatively  different 
dependence  of  the  polarization  vs.  energy  for  the  30  ps  and  20  ns  pulses. 
Whereas  for  the  30  ps  pulses  the  polarization  is  still  at  its  low-intensity 
value  at  the  onset  of  positive  ion  emission,  the  polarization  of  the  electrons 
excited  with  20  ns  pulses  vanishes  for  energies  an  order  of  magnitude 
lower  than  necessary  for  melting.  Structure-unrelated  electronic  processes 
of  ns-relaxation  time  are  responsible  for  this  phenomenon. 

A10.5 

SUB-MELTING  LASER  INDUCED  GRAIN  GROWTH.  £*A* 
Ainria.  C.V.  Thompson,  Department  of  Materials  Science 
and  Engineering,  Massachusetts  Institute  of  Technology, 
Cambridge,  MA. 

The  control  of  the  microstructure  of  polycrystalline 
semiconducting  thin  films  on  insulator  is  of  importance 
in  establishing  their  electrical  properties  for  several 
device  applications.  In  this  study,  grain  growth  is 
thermally  induced  without  melting  by  a  CW  Ar-ion  laser 
(X.-0.514pm)  in  1000A  CVD  deposited  polysilicon  films 
encapsulated  by  S13N4.  With  irradiation  times  on  the 
order  of  minutes,  it  is  shown  that  it  is  possible  to 
create  and  determine  a  steady-state  temperature  below 
melting,  within  the  regime  of  grain  growth. 

A  thermal  model  is  developed  to  account  for  grain  sizes 
seen  at  different  laser  powers.  A  direct  relation  is 
found  between  incident  beam  power  and  the 
steady-state  temperature  achieved  within  the  film. 
The  fit  to  experimental  data  is  excellent. 

The  ability  to  reproducibly  create  a  desired 
temperature  in  a  small  region  can  be  used  to  tailor  the 
microstructure  of  individual  devices  containing 
polycrystalline  layers. 

A10.6 

PULSED  LASER  MELTINC  OF  INTERMEDIATE  Cu-Zn  PHASES. 
n  M  FqI lataedt  and  P.  S.  P#«rcy,  Sandl*  National 
Laboratorlaa ,  Albuquarqua,  NM;  and  J.  H,  Parapazko. 
Unlvcralty  of  Viaconain,  Madtaon,  UI . 


U«  report  quantitative  atudlea  of  rapid  salting  and 
aolldlf lcatlon  In  the  Cu-Zn  alloy  ayataa.  In  contrast  to 


most  metals,  the  reflectance  of  Cu-Zn  alloys  Increases  upon 
melting.  This  novel  behavior  decreases  the  energy 
absorption  upon  melting,  leading  to  well  controlled  molten 
layer  thicknesses  over  a  wide  range  of  laser  power  without 
laser- induced  damage.  This  feature,  combined  with  the 
several  distinct  phases  (stable  and  metastable)  in  Cu-Zn, 
offers  a  unique  opportunity  to  study  competition  between 
resolldification  of  the  initial  phase  and  nucleation  of 
metastable  phases. 

Melting  and  solidification  were  studied  for  7-brass  alloys 
(61  to  66. 5  wt,%  Zn)  and  0-brass  (45. 5  vt.t  Zn)  Irradiated 
with  30  ns  pulses  at  694  nm.  Melting  was  observed  above 
-1.0  and  3.0  J/cm^,  respectively,  for  the  two  phases.  The 
absorbed  energy  was  measured  calorimetrlcally  and  the 
increased  reflectance  of  the  liquid  was  used  to  measure  the 
melt  duration.  The  large  difference  between  solid  and 
liquid  reflectances,  e.g.,  from  0.83  to  0.89  for  7 -brass 
with  66.5  wt.%  Zn,  yielded  a  well-defined  melt  onset  and 
termination  in  the  transient  reflectance  signature.  These 
measurements,  combined  with  the  known  thermodynamic 
parameters,  permit  quantitative  characterization  of  the 
surface  melting.  In  addition,  microstructural  (TEM) 
analysis  of  the  phases  which  solidify  will  be  presented. 

This  work  supported  by  the  U.S.  Department  of  Energy  under 
contract  number  DE-AC04-76DP00789  and  by  a  Faculty  Research 
Travel  Appointment  from  Associated  Western  Universities. 

A10.7 

LASER  MIXING  OF  TITANIUM  ON  SILICON  CARBIDE.  J, 
R.  Jervis.  J-P.  Hirvonen,  M.  Nastasi,  and  M.  R.  Cohen, 
Materials  Science  and  Technology  Division,  Los  Alamos 
National  Laboratory,  Los  Alamos,  NM  87544 

We  have  used  excimer  laser  surface  processing  to  melt  and 
mix  single  Ti  layers  into  the  surface  of  polycrystalline  SiC  sub¬ 
strates.  The  mixing  of  Ti  into  the  surface  is  very  rapid  and 
efficient.  Examination  of  Rutherford  hackscattering  (RBS) 
data  shows  the  formation  of  a  preferred  composition  at  the  Ti- 
substrate  interface  which  propagates  from  the  interface  with 
further  mixing.  Reconstruction  of  the  RBS  spectrum  indicates 
that  a  uniform  layer  of  composition  TW^SiiB  is  formed  on  the 
surface  with  full  mixing.  X-ray  diffraction  demonstrates  the 
formation  of  crystalline  phases  of  Ti  siliddes  and  possibly 
carbides.  Profiling  of  C  in  both  mixed  and  uncoated  samples 
by  5  MeV  He*  scattering  demonstrates  that  laser  processing  of 
the  SiC  does  not  cause  major  changes  in  the  stoichiometry  of 
the  substrate  material. 

Aio.s 

TEMPERATURE  MEASUREMENT  BY  INFRARED  TRANSMIS¬ 
SION  FOR  RAPID  THERMAL  PROCESSING  APPLICATIONS  - 
■PC.  Sturm.  P.V.  Schwartz,  and  P.M.  Garone,  Dept,  of  Electrical 
Engineering,  Princeton  University,  Princeton,  N.J.  08544 

We  here  report  a  new  non-invasive  optical  technique  for  the 
measurement  of  absolute  temperature  of  silicon  wafers  in  a  rapid 
thermal  processing  environment.  Absolute  measurement  of  tempera¬ 
ture  has  alway  been  a  difficult  problem  in  rapid  thermal  processing 
systems.  The  traditional  method,  pyrometry,  can  give  different 
results  depending  on  what  emissivity  is  used,  and  extreme  care  must 
be  taken  to  avoid  measuring  radiation  from  the  lamps.  Pyrometry 
becomes  even  more  difficult  at  low  temperatures  (BOO  -  700°C)  since 
longer  wavelengths  are  required.  The  problems  are  compounded 
when  a  quartz-walled  chamber  is  used  to  contain  a  reactive  gas 
species,  as  in  epitaxial  growth  applications,  because  quartz  is  fairly 
opaque  to  wavelengths  beyond  3  um. 

It  is  well  known  that  as  temperature  increases  the  bandgap  of 
silicon  decreases  and  that  its  infrared  transmission  decreases. 
Because  of  the  indirect  gap,  the  absorption  changes  fairly  gradually 
with  photon  energy  at  a  fixed  temperature.  We  have  used  these 
principles  to  measure  silicon  wafer  temperature  in  a  RTP  system 
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with  quartz  walls  by  monitoring  optical  transmission  at  1.5  um. 
Modulating  the  light  at  high  frequency  makes  the  system  immune  to 
interference  from  the  heating  lamps.  We  now  use  this  method  for 
routine  temperature  monitoring  from  400  to  800°C,  with  resolution 
on  the  order  of  one  degree  centigrade.  Other  temperature  ranges  are 
accessible  with  different  wavelengths.  Data  for  low  temperature 
(<800°C)  growth  rates  of  epitaxial  silicon  and  silicon-germanium 
using  this  system  will  be  presented.  This  work  has  been  supported 
by  NSF  and  ONR. 
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METASTABLE  GE-SN  ALLOY  LAYERS  PREPARED 
BY  PULSED  LASER  MELTING.  l.T.H.  Chang.  B. 

Cantor,  Department  of  Metallurgy  and  Science 
of  Materials,  University  of  Oxford, Parks  Road, 

Oxford  0X1  3PH,  UK;  and  A.G.  Cullis,  Royal 
Signals  and  Radar  Establishment,  St.  Andrews 
Road,  Malvern,  Wore.  WR14  3PS,  UK. 

Ge  has  a  diamond  cubic  crystal  structure  while 
Sn  exists  in  both  the  diamond  cubic(a)  and  body 
centred  tetragonal  (p)  allotropic  forms.  The 
solid  solubilities  between  Ge  and  Sn  are  very 
small  according  to  the  equilibrium  phase  diagram. 

This  paper  describes  an  investigation  of  the 
manufacture  of  metastable  crystalline  microstru¬ 
ctures  in  Ge-Sn  alloys,  using  a  variety  of  novel 
processing  techniques.  The  main  technique  which 
has  been  studied  is  pulsed  laser  melting  and 
this  has  been  compared  with  other  techniques, 
including  melt-spinning  and  thermal  co-evaporation. 

Cross-sectional  and  planview  transmission  electron 
microscopy  have  been  used  to  characterise  the 
microstructures  of  the  different  Ge-Sn  alloy 
samples,  with  alloy  compositions  determined  by 
energy-dispersive  x-ray  microanalysis.  The  variety 
of  different  metastabie  Ge-Sn  alloy  microstructures 
are  discussed  in  details  as  a  function  of 
manufacturing  technique  and  processing  conditions. 
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CHARACTERIZATION  OF  PULSED  LASER  REAM  MIXED 
Au'l'cGaAs  OHMIC  CONTACTS.  K  Wuyts,  R  E.  Silverans. 
J’liys. Dept.  K.U. Leuven,  Leuven;  and  M.Van  Hove,  M.Van  Rossum, 
Interuniversity  Microelectronics  Center,  Leuven,  Belgium. 

The  formation  of  AuTe  ohmic  contacts  on  GaAs  by  pulsed  laser  beam 
mixing  has  been  studied.  Metallization  of  the  GaAs  was  done  by 
successive  deposition  of  500  A  Te  and  1200  A  Au  films  on  (100) 
oriented  GaAs  by  resistive  heating  evaporation.  Laser  beam  mixing  of 
the  layered  structures  was  performed  by  focussed,  visible  as  well  as 
UV  pulsed  NdtYag-laserlight  using  single  and  multiple  pulses  with 
power  densities  (Pd)  ranging  from  40  MW /cm2  to  800  MW/cm2  per 
pulse.  For  comparison,  snort-time  furnace  alloyed  (t=15s)  contacts 
were  prepared  in  a  graphite  strip  heater  at  alloy-temperatures 
300‘ C  <  T»  <  550*  C. 

The  transformation  from  Schottky  to  ohmic  type  contacts  as  a 
function  of  Pd,  number  of  pulses  or  alloy-temperature  was  monitored 
by  I-V  measurements;  the  development  of  the  interdiffusion  of  the 
contact  constituents  was  observed  by  RBS-analysis  using  a 
3  MeV  He**  beam.  The  onset  of  ohmicity,  resp.  for  5  pulses  of 
Pd  -  40  MW/cm2  and  for  T»  s  500*  C,  was  governed  by  a  similar 
interdiffucion  behaviour,  the  laser  beam  mixed  contacts  however 
showed  a  strikingly  narrower  intermixed  layer.  The  minimum  values 
of  the  contact  resistivities  for  the  laser  beam  mixed  AuTe  contacts 
were  equivalent  to  the  furnace  annealed  AuTe  contacts  (as  well  as  to 
identically  processed  AuGe  contacts)  ;  however  the  morphological 
quality  of  the  laser  contacts  was  far  superior. 

A  microscopic  MOssbauer  spectroscopy  characterization  revealed  the 
formation  of  Au-doped  GajTej  structures;  the  doping  level 
distribution  was  critically  dependent  upon  the  Pd—  or  T.-values  at 
conditions  around  the  onset  of  ohmicity.  These  observations  were 


confirmed  by  XRD-measurements.  The  results  of  both  macroscopic 
and  microscopic  analysis  are  combined  to  discuss  the  nature  of  the 
ohmic  contacts  in  terms  of  possible  conduction  through  a  formed 
graded— heterostructure. 
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MELTING  OF  ION  IMPLANTED  AND  RE¬ 
LAXED  AMORPHOUS  SILICON  M.G. Grimaldi 
and  P.Baeri,  Dipartimento  di  Fisica,  Corso  Italia  57, 
195129  Catania, Italy;  G.Baratta,  Istituto  di  Astronomia, 
viale  A.  Doria,  195100  Catania,  Italy 

The  melting  temperature  of  ion  implanted  and  re¬ 
laxed  amorphous  silicon  has  been  determined.  Structural 
relaxation  was  induced  by  thermal  treatment  at  low  tem¬ 
perature  (300,  400  and  500  °C)  and  was  evaluated  from 
the  Raman  linewidth  of  the  transverse  optic  phonon  in 
amorphous  silicon.  Pulsed  laser  irradiation  (A=347nm, 
r=20ns)  has  been  used  to  induce  surface  melting  in  the 
amorphous  layers  and  time  resolved  reflectivity  to  detect 
the  melting  onset.  The  threeshold  energy  density  for 
surface  melting  in  the  as-implanted  amorphous  is  10% 
lower  than  that  of  the  relaxed  one.  Since  this  threeshold 
depends  on  thermal  conductivity  we  have  precisely  deter¬ 
mined  this  parameter  and  a  unique  value  of  0.013  W /(cm 
K)  was  found  for  both  as-implanted  and  relaxed  amor¬ 
phous  silicon.  A  comparison  of  the  experimental  results 
with  heat  flow  calculations  directly  yields  a  melting  tem¬ 
perature  of  1450±25  and  1600±25  K  for  the  as-implanted 
and  relaxed  amorphous  silicon  respectively.  The  differ¬ 
ence  in  the  melting  temperature  is  consistent  with  the  re¬ 
duction  in  the  internal  energy  of  the  relaxed  amorphous 
as  extimated  from  Raman  spectrometry. 
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MARTENSITIC  TRANSFORMATIONS  IN  ION  IMPLANTED 
STAINLESS  STEELS.  E.  Johnson,  Physics  Laboratory,  University 
of  Copenhagen,  Denmark. 

Using  ion  implantation  it  is  possible  to  induce  martensitic  trans¬ 
formations  in  austenitic  stainless  steels,  where  the  implanted  layer 
will  undergo  an  fee  (7)  bcc  (o)  transformation.  The  paper 
will  review  the  various  contributions  to  the  driving  force  for  the 
transformation.  Stress  provides  the  dominant  contribution,  while 
implantation-induced  alloying  only  plays  a  significant  role,  when 
the  composition  obtained  in  the  implanted  layer  directly  favours 
formation  of  martensite.  Implantations  with  noble  gases  —  includ¬ 
ing  helium  —  therefore  provide  very  high  transformation  efficiency. 

The  transformations  resemble  conventional  martensitic  transforma¬ 
tions  in  stainless  steels.  Low  nickel  steels  such  as  AISI 304  and  316 
transform  eajily  during  implantation,  while  no  transformation  is 
observed  in  high  nickel  steels  such  as  AISI  310. 

The  martensite  content  of  the  implanted  layer  and  its  extention 
in  depth  has  been  studied  with  several  depth  sensitive  techniques: 
Cross-sectional  TEM,  energy  selective  CEMS  and  RBS/channeling 
analysis  of  single  crystals.  Formation  of  martensite  starts  at  the 
surface  and  extends  to  larger  depth  with  increasing  ion  fluence. 

The  extent  of  the  transformed  layer  coincides  with  the  tails  of  the 
implant  distributions,  and  the  7/a  interface  is  rather  sharp. 
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HARDNESS-DAMAGE  CORRELATIONS  IN  Ta  IMPLANTED 
SINGLE  CRYSTAL  NijAl .  Gary  S.  Was.  Departments  Of 

Nuclear  Engineering  and  Materials  Science  and 
Engineering,  University  of  Michigan,  Ann  Arbor, MI; 


SI 


and  S.Mantl,  Institut  fur  Schicht-und 
lonentechnik,  KFA  Jiilich,  D-5170  Jiilich,  FRG. 

Implantation  of  Ta  into  single  crystal  Ni3Al  was 
conducted  to  determine  whether  this  would  be  an 
effective  means  of  producing  surface  hardening  in 
monolithic  alloys.  Ta  was  implanted  at  400  keV  to 
doses  of  0.7,  3.6  and  25.2  x  1015i/cm2  along  the 
<100>  axis  of  a  <100>  crystal  of  Ni3Al  at  room 

temperature.  Composition  vs  depth  profiles  were 
made  using  RBS  and  lattice  damage  was  analyzed 
using  ion  channeling.  Surface  hardness  was 
measured  using  the  ultra-low  load  indentation 
(nanoindentation)  technique.  Results  show  that  the 
implanted  surface  is  softer  than  the  unimplanted 
surface  (by  5-10%) ,  and  the  hardness  profile  is 
extremely  uniform  over  the  depth  of  implantation 
(<90  nm)  .  The  minimum  yield  increases  from  3%  to 
about  30%  and  the  half  angle  decreases  from  0.74* 
to  0.66*.  However,  neither  the  surface  hardness 
nor  either  of  the  channeling  parameters  show  any 
dependence  on  dose  even  though  the  highest  dose  is 
a  factor  of  35  times  the  lowest.  Following 
annealing  at  1000 *C  for  1  hr,  the  surface  hardness 
increases  slightly  over  the  as-implanted  samples, 
the  minimum  yield  recovers  to  3-5%  and  the  half- 
angle  remains  essentially  the  same.  Softening  is 
attributed  to  disordering  of  the  structure  which 
is  partially  compensated  by  the  introduction  of 
defects  and  the  impurity. 
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IRRADIATION- INDUCED  AMORPHIZATION  AND  SHEAR  ELASTIC 
INSTABILITY  IN  INTERMETALLIC  COMPOUNDS.  J.  Koike  *, 
P.  R.  Okamoto,  L.  E.  Rehn,  R.  Bhadra,  M.  H. 
Grimsditch,  Materials  Science  Division,  Argonne 
National  Laboratory,  Argonne,  IL  60439;  and  M 
Meshii,  Department  of  Materials  Science  and 
Engineering,  Northwestern  University,  Evanston,  IL 
60208. 

Previously  some  of  us  had  reported  a  dramatic  (-  50 
%)  decrease  in  shear  modulus  prior  to  amorphization 
in  Kr  irradiated  Zr3Al,  and  proposed  that 
amorphization  is  triggered  when  the  crystalline 
'attice  becomes  unstable  against  shear  stress.  In 
the  present  work,  the  relation  between 
amorphization  and  shear  instability  has  been 
further  investigated  in  additional  compounds  (FeTi, 
CuTi,  NiAl)  during  room  temperature  irradiation 
with  1.7-MeV  Kr.  A  shear  modulus  was  measured  using 
Brillouin  scattering;  structural  information  was 
obtained  in  situ  in  a  high  voltage  electron 
microscope  interfaced  to  a  tandem  accelerator. 
During  irradiation  of  FeTi  and  CuTi,  chemical 
disordering  and  a  large  (-  40  %)  decrease  of  shear 
modulus  were  observed,  and  amorphous  phase 
developed  subsequently.  In  contrast,  NiAl  remained 
chemically  ordered,  and  exhibited  only  -  10  % 
decrease  in  shear  modulus.  Hence,  these  results 
provide  further  support  for  a  shear  instability 
mechanism  for  irradiation- induced  amorphization. 


350'C.  The  irradiated  specimens  were  observed  by  transmission  electron 
microscopy.  As  expected,  the  kinetics  slow  as  the  temperature  is 
increased.  The  fraction  of  material  that  becomes  amorphous  after 
irradiation  at  250*C  to  a  dose  of  0.7  dpa  is  estimated  to  be  5  to  10%. 
Specimens  irradiated  at  higher  temperatures  remain  crystalline,  even  after 
doses  as  high  as  4dpa. 

Prior  to  irradiation,  the  specimens  were  given  a  thermal  treatment  which 
produced  a  high  volume  fraction  of  martensite.  However,  martensite 
entirely  reverts  to  B2  within  less  than  20  minutes  upon  annealing  at 
80*C.  Thus,  during  irradiation  at  temperatures  of  80*C  and  above,  all  the 
specimens  were  entirely  austenitic.  Irrespective  of  the  irradiation 
temperature,  we  found  a  very  non-uniform  distribution  of  amorphous 
regions  that  exhibited  a  morphology  closely  resembling  the  shape  of  prior 
(or,  at  room  temperature,  present)  martensitic  plates.  These  observations 
are  discussed  in  terms  of  the  effect  of  structural  defects  on  the  kinetics 
of  amorphization. 

Research  sponsored  by  the  Division  of  Materials  Sciences,  U.S. 
Department  of  Energy,  under  Contract  DE-AC05-840R21400  with  Martin 
Marietta  Energy  Systems,  Inc. 
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EXTENDED  SOLID  SOLUTION  FORMATION  IN  THE  TI-CO-NI 
SYSTEM.  David  A.  Lilienfeld  and  P.  Bergesen 
Cornell  University,  Ithaca,  N.Y. 


A  reasonable  criterion  for  an  alloy  to  form  an 
amorphous  phase  during  ion  mixing  is  the  presence 
of  a  complex  phase  at  that  composition.  One  such 
system  is  the  Ti-Co-Ni  system  in  which  there 
exists  a  complex  phase  at  the  composition 
Ti-iCo.Ni).  Since  this  phase  has  a  96  atom  unit 
ceil,  it  is  highly  probable  that  room  temperature 
ion  mixing  should  produce  an  amorphous  phase. 
Multilayer  samples  were  fabricated.  Surprisingly 
the  diffraction  patterns  of  the  as-deposited 
samples  consist  of  broad  lines  with  an  FCC 
structure.  Room  temperature  ion  mixing  does  not 
amorphize  these  samples  but  produces  material  with 
sharper  diffraction  lines  than  the  a6-deposited 
samples . 

Ion  irradiations  carried  out  at  liquid  nitrogen 
temperature  produced  samples  which  contained  a 
mixture  of  amorphous  and  crystalline  structures 
but  could  not  completely  amorphize  the  samples. 
Elevated  temperature  ion  mixing  was  performed.  For 
substrate  temperature  below  300°C,  the  FCC  phase 
remained.  A  400°C  irradiation  produced  the  stable 
Ti - ( Co , Ni )  structure.  Composition  and  substrate 
temperature  dependence  of  the  FCC  phase  will  be 
discussed  in  terms  of  a  model  which  assumes 
that  the  FCC  phase  is  a  metastable  extension  of 
the  high  temperature  Ti  phase. 
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CHARACTERIZATION  OF  HIGH-DOSE  CARBON-ION- 
IMPLANTED  AND  ANNEALED  Nb.*  J.  S.  Huang.  Lawrence 
Livermore  National  Laboratory,  Livermore,  CA 


*  Present  address;  Center  for  Materials  Science,  Lot  Alamos 
National  Laboratory,  Los  Alamos,  MM  S754S. 

Tho  work  support ad  by  DOE  M-31-10S-ENG-J8  and  DMR-8411178. 
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THE  EFFECT  OF  MICROSTRUCTURE  ON  THE  MORPHOLOGY  AND 
KINETICS  OF  AMORPHIZATION  INDUCED  BY  ION  IRRADIATION. 

D  F  P«dfM  and  PJ.  Mtziasz,  Metals  snd  Ceramics  Division, 

Oak  Ridge  National  Laboratory,  Oak  Ridge,  TN  37(31-6376 

NiTi  was  irradiated  with  Ni  ions  in  order  to  study  the  rate  of 
amorphization  u  i  function  of  temperature  and  to  determine  the 
temperature  cutoff  for  this  transition.  A  series  of  irradiation  to  various 
doses  were  conducted  at  different  temperatures,  from  ambient  up  to 


Polycrystalline  niobium  was  implanted  with  200-keV  C*  ions  to  a  total 
fluence  of  7xl017  per  cm2  (maximum  C  content  -45  at.%).  Auger 


electron  spectroscopy  analysis  showed  variation  in  C  distribution  of  5-45 
%  within  a  depth  of  -3800  A.  Glancing-angle  X-ray  diffraction  and 
transmission  electron  microscopy  (TEM)  analyses  were  conducted  to 
characterize  the  phases  and  microstructures  formed.  Results  indicated  that 
a  subsurface  fee  NbC  layer  was  formed,  but  neither  the  hep  or  the 
orthorhombic  Nb-jC  phase  repotted  in  the  equilibrium  phase  diagram  was 
formed.  The  NbC  phaie  has  a  minimum  composition  of  about  36  at.%  of 
C,  which  is  outside  the  stoichiometry  of  the  NbC  phase  reported  in  the 
equilibrium  Nb-C  phase  diagram.  The  preference  for  formation  of  the 
NbC  was  discussed  in  terms  of  change  of  chemical  free  energy  and  strain 
energy  »»sociated  with  phase  transformation. 


The  crystallographic  relation  between  the  subsurface  NbC  layer  and  the 
Nb  matrix  was  also  analyzed  with  TEM  diffraction  analysis.  Analysis 
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results  suggested  that  the  transformation  from  the  C-supersaturated  bcc 
Nb  lattice  to  the  fee  NbC  lattice  was  a  Bain  deformation  that  is  typically 
observed  in  a  diffusionless  martensitic  transformation. 

Implanted  samples  were  also  annealed  at  temperatures  of  973-1273  K.  It 
was  found  that  the  NbC  subsurface  layer  transformed  into  Nb2C  particles 
that  had  an  hep  crystal  structure;  the  crystallographic  relation  between  the 
Nb  matrix  and  the  Nb2C  panicles  corresponded  to  that  observed  in  the 
conventionally  processed  materials. 

*  Work  performed  under  the  auspices  of  the  U.S.  Department  of  Energy  by  the  Lawrence 
Livermore  National  Laboratory  under  Contract  W-7405-Eng-48. 


STRENGTHENING  OF  ALUMINUM  BY  OXYGEN  IMPLANTATION: 
EXPERIMENTAL  RESULTS  AND  MFOHANICAL  MODELING. 

Rov  J  Bourdor.  Samuel  M.  Myers,  and  David  M.  FoUstaedt,  Sandia  National 
Laboratories,  Albuquerque,  NM;  and  Douglas  H.  Polonis,  University  of 
Washington,  Seattle,  WA. 


The  influence  of  oxygen  implantation  on  the  mechanical  properties  of 
aluminum  has  been  evaluated  using  ultra-low  load  microhardness  indentation 
testing.  A  new  approach  has  been  employed  to  quantify  the  strength  of  the 
implanted  layer  in  which  the  hardness  data  is  combined  with  large-strain  finite- 
element  modeling  of  the  resulting  deformation.  TEM  techniques  have  been 
employed  to  characterize  the  microstiuctures  alter  implantation  and 
subsequent  annealing.  The  Implantation  was  performed  at  energies  ranging 
from  25  to  200  keV  to  produce  a  llat  oxygen  concentration  profile  to  a  depth 
of  -  500  nm;  oxygen  concentrations  ranging  from  5  to  20  at.%  were 
investigated.  Microhardness  measurements  were  conducted  on  as- 
implanted  AJ  and  on  specimens  subsequently  vacuum  annealed  at  723  and 
823  K  to  produce  dense  distributions  ol  AI2O3  precipitates  2-5  nm  In 
diameter.  The  analysis  shows  that  the  flow  stress  ol  the  implanted  layer  in  the 
annealed  specimens  increases  with  oxygen  content,  reaching  a  value  of  - 
1200  MPa  for  the  20  at.%  composition,  i.e.  more  than  twice  the  strength 
level  of  conventional  high  strength  Al  alloys.  The  as-implanted,  unannealed 
material  exhibits  even  greater  strength  levels  due  to  the  high  supersaturation 
and  defective  structure  refuting  from  excess  oxygen  In  solution.  The 
strengths  of  the  annealed  material  calculated  from  indentation  measurements 
are  in  general  agreement  with  values  predicted  on  the  basis  of  applying 
existing  models  lor  coherency  and  dispersion  hardening  to  the  observed 
microstructures. 


This  work  was  performed  at  Sandia  National  Laboratories  and  supported  by 
the  United  States  Department  of  Energy  under  Contract  No.  DE-AC 04-76- 
DP00789 
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ION  BEAM  INDUCED  PERCOLATION  CLUSTERING  IN 
Al-Fe-Cu  ALLOY  FILMS,  C.H.Shang  and  B.X.Liu(a) 
Department  of  Materials  Science  and  Engineering, 
Tsinghua  University,  Beijing  100084,  CHINA;  (a) 
also  at  Center  of  Condensed  Matter  and  Radiation 
Physics , CCAST  (World  Lab.),  Beijing. 

Percolation  clustering  was  observed  in  an  Al-Fe- 
Cu  alloy  film,  that  had  been  irradiated  by  180 

keV  xenon  ions  to  a  dose  of  BxlO1'’  Xe/cm^  at  LN2 

temperature,  but  not  otherwise.  At  this  critical 
dosage,  the  diffraction  patterns  of  the  percola¬ 
tion  clustering  showed  strong  diffuse  bands,  in¬ 
dicating  that  amorphous  structure  dominated  the 
examined  film.  The  bright  field  image  of  the  per¬ 
colation  clustering  was  digitized  with  an  M750 
(VAX)  image  processor.  The  fractal  dimension  of 
the  infinite  cluster  was  calculated  to  be  D=1.88 
+0.06,  and  the  percolation  threshold  was  Pc=0.60 
+0.03.  These  values  are  all  in  good  agreement 
with  the  theoretical  predictions.  The  percola¬ 
tion  structures  were  thought  to  be  formed  during 
a  crystalline-to-amorphous  phase  transition. 

This  paper  presents  the  detailed  experimental 
results  and  the  possible  mechanism  responssible 
for  the  formation  of  fractal  structures  in  the 
ion  irradiated  alloy  films. 
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UNUSUAL  MICROSTRUCTURES  OF  A  METASTABLE  CRYS¬ 
TALLINE  Pt!(lTiSo  ALLOY  UNDER  ION  BOMBARDMENT. 
Y.  L.  Chen.  Y.-T.  Cheng,  J.  V.  Mantese,  and  A.  B.  Catalan,  General 
Motors  Research  Laboratories,  Warren,  Michigan  48090-9055. 

A  metastable  nanocrystalline  PtsoTigo  alloy  of  an  average  grain 
size  2  nm  was  obtained  by  e-beam  evaporation  from  two  sources  of 
Pt  and  Ti  onto  a  single-crystal  NaCl  substrate  at  room  temperature. 
This  thin  film  PtjoTijo  alloy  was  then  bombarded  by  400  keV  Kr++ 
to  doses  5  x  1015  and  101*  Kr/cmJ  at  room  temperature.  Transmis¬ 
sion  electron  microscopy  shows  that,  instead  of  ion  beam  induced 
amorphization  or  ion  beam  induced  grain  growth,  the  nanocrys¬ 
talline  PtjoTijo  underwent  unusual  microstructural  changes  under 
ion  bombardment:  while  maintaining  the  same  crystal  structure  and 
an  average  grain  size  of  2  nm,  the  PtjoTiso  thin  film  appeared  to 
expand  along  the  directions  perpendicular  to  the  ion  beam  direction, 
causing  large  ripples  of  sub-micron  to  micron  size  to  develop.  The 
origin  of  this  unusual  microstructural  evolution  under  ion  bombard¬ 
ment  is  being  investigated. 
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SESSION  B1 

Chairs:  Anthony  F.  Bernhardt 

Wednesday  Morning,  November  29 
Salon  E  (M) 

8:30  *B1 . 1 

NOVEL  PHOTOIMAGING  SCHEMES  AT  POLYMER  SUR¬ 
FACES,  Gary  Tavlor.  AT&T  Bell  Laboratories, 
Murray  Hill,  NJ. 

9:00  *B1  .,2 

X-RAY  LITHOGRAPHY  FOR  THE  1990 ' s .. .REAL  OR 
NOT?,  A.  Wilson.  IBM  Research  Division,  T.J. 
Watson  Research  Center,  Yorktown  Heights, 
NY. 

9:30  *81,3 

PULSED  UV  LASER  PROCESSING  FOR  ULTRAHIGH- 
SPEED  DEVICE  TECHNOLOGY,  T.W.  Siamon . 
Stanford  University,  Stanford  Electronics 
Laboratory,  Stanford,  CA;  Kurt  H.  Weiner, 
Lawrence  Livermore  National  Laboratory, 
Physics  Department,  Livermore,  CA;  Paul  G. 
Carey,  Siemens,  AG.,  Corporate  Research  and 
Technology,  Munich,  West  Germany. 

10:00  BREAK 

10:30  Bl-4 

TIME-RESOLVED  REFLECTANCE  MEASUREMENTS  OF 
THE  MELTING  OF  METAL  DEPOSITS  DURING  CON¬ 
TINUOUS-WAVE  LASER-INDUCED  CHEMICAL  VAPOR 
DEPOSITION,  Paul  B.  Comita.  IBM  Almaden 
Research  Center,  Polymer  Science  and  Tech¬ 
nology  Department,  San  Jose,  CA;  Peter  E. 
Price  Jr.,  University  of  Minnesota,  Dept,  of 
Chemical  Engineering  and  Materials  Science, 
Minneapolis,  MN;  and  Toivo  T.  Kodas,  Univer¬ 
sity  of  New  Mexico,  Department  of  Chemical 
and  Nuclear  Engineering,  Albuquerque,  NM. 

10:45  B1.5 

IN  SITU  MEASUREMENT  OF  PULSED  LASER  INDUCED 
CARRIER  GENERATION  IN  DOPED  SILICON  FILMS, 
T.  Sameshima.  M.  Hara  and  S.  Usui,  Sony 
Research  Center,  Yokohama,  Japan. 

11:00  B1.6 

SURFACE  CHEMISTRY  OF  D I METH  YLALUM I NUM  HY¬ 
DRIDE  AND  TR I METH YLALUM I NUM  ON  ALUMINUM, 
Daniel  R,  Strdngin  and  Paul  B.  Comita,  IBM 
Almaden  Research  Center,  San  Jose,  CA. 


♦Invited  Paper 


Short  Course  P-12,  "Photon-Controlled 
Processing  for  Microelectronics,"  and  F-02, 
"Plasma  Etching  for  Microelectronic  Fabrica¬ 
tion,"  may  be  of  interest  to  symposium 
attendees.  Details  regarding  course  dates 
and  instructors  are  provided  in  the  short 
course  section  of  this  program. 


11:15  B1.7 

THE  INTERACTION  OF  LASER-GENERATED  METHYL 
RADICALS  WITH  Cd,  Te,  AND  CdTe  FILMS,  J. J, 
Zinck .  G.L.  Olson,  P.D.  Brewer  and  J.E. 
Jensen,  Hughes  Research  Laboratories,  Mali¬ 
bu,  CA . 

11:30  B1.8 

MECHANISM  OF  CHROMIUM  DEPOSITION  BY  UV  LASER 
LIGHT,  Rainer  Nowak  and  Peter  Hess .  Univer¬ 
sity  of  Heidelberg,  Institute  of  Physical 
Chemistry,  Heidelberg,  West  Germany. 

11:45  B1.9 

SELECTIVE  SURFACE  MODIFICATION  OF  FLUOROCAR¬ 
BON  RESIN  USING  EXCIMER  LASER,  Masavuki 
Okoshi  and  Masataka  Murahara,  Tokai  Univer¬ 
sity,  Faculty  of  Engineering,  Hiratsuka, 
Kanagawa,  Japan;  and  Kouichi  Toyoda,  Riken, 
The  Institute  of  Physical  and  Chemical 
Research,  Wako,  Saitama,  Japan. 

SESSION  B2 : 

Chair:  Jerry  G.  Black 

Wednesday  Afternoon,  November  29 
Salon  E  (M) 

1:30  *B2 . 1 

LASER  SELECTED  AREA  PROCESSING  FOR  "CRO- 
ELECTRONICS  APPLICATIONS,  Shunii  Kishida  and 
Yukio  Morishige,  NEC  Corporation,  Opto- 
Electronics  Research  Laboratories,  Kawasaki, 
Japan. 

2:00  B2.2 

VISIBLE-WAVELENGTH  LASER  PHOTODEPOSITION  OF 
COBALT  INTERCONNECTS,  M.  Rothschild.  J.H.C. 
Sedlacek,  D.C.  Shaver,  and  D.J.  Ehrlich, 
Lincoln  Laboratory,  Submicrometer  Technology 
Department,  Lexington,  MA;  s.N.  Bittenson, 
D.  Edwards  Jr.  and  N.P.  Economou,  Micrion 
Corporation,  Peabody,  MA. 

2:15  B2.3 

LASER-INDUCED  CHEMICAL  VAPOUR  DEPOSITION  OF 
INORGANICS/ORGANOMETALLICS  FOR  MICROELEC¬ 
TRONICS  APPLICATIONS,  J.G.  Black,  H.B. 
Harrison .  P.C.  Junk,  A.E.W.  Knight,  R.I. 
McKay,  C.L.  Raston,  Griffith  University, 
Div.  of  Science  and  Technology,  Brisbane, 
Australia . 

2:30  B2.4 

HIGH  DEPOSITION  RATE  DIRECT  WRITING  OF  AL  ON 
Si,  H.W.  Lee  and  S.D.  Allen,  University  of 
Iowa,  Center  for  Laser  Science  and  Engineer¬ 
ing,  Iowa  City,  IA. 

2:45  B2.5 

LASER  CHEMICAL  VAPOR  DEPOSITION  OF  W  ON  Si 

AND  Si02/Si,  Jian-Yana _ Lin,  Chung  Cheng 

Institute  of  Technology,  Department  of 
Electrical  Engineering,  Taiwan,  China;  S.D. 
Allen,  University  of  Iowa,  Center  for  Laser 
Science  and  Engineering,  Iowa  City,  IA. 
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4:00  B2L.JZ 

SELECTIVE  EPITAXY  OF  (Al,Ga)As  AND  (Al,Ga)As 
BASED  STRUCTURES,  T.F.  Kuech .  M.  Goorsky  and 
R.  Potemski ,  IBM  T.J.  Watson  Research  Cen¬ 
ter,  Yorktown  Heights,  NY. 

4:15  B2.8 

PATTERNING  OF  GaAs/AlGaAs  WAFERS  BY  FOCUSED 
ELECTRON-BEAM  INDUCED  CHLORINE  ETCHING  AND 
SUBSEQUENT  MBE  GROWTH,  M.  Taneva.  Y. 
Sugimoto,  H.  Hidaka,  K.  Akita,  Optoelec¬ 
tronics  Technology  Research  Laboratory, 
Tsukuba ,  Japan . 

4:30  B2.9 

EXCIMER  LASER-INDUCED  DEPOSITION  OF  GaN,  A. 
Kobayashi,  T.  Asai,  S.  Kawai  and  P.J.  Chong, 
Osaka  University,  The  Institute  of  Scien¬ 
tific  and  Industrial  Research,  Osaka,  Japan. 

4:45  B2.10 

HOLOGRAPHIC  PATTERN  ETCHING  OF  SILICON- 
CARBITE  BY  EXCIMER  LASERS,  Masataka 
Murahara .  Masaru  Yonekawa,  and  Kouichi 
Shirakawa,  Tokai  University,  Faculty  of 
Engineering,  Hiratsuka,  Kanagawa,  Japan. 


Chair:  Susan  D.  Allen 

Thursday  Morning,  November  30 
Salon  A/B  (M) 

8:30  *P3,1 

LASER-BASED  AREA-SELECTIVE  PROCESSING  FOR 
HIGH-DENSITY  INTERCONNECTS,  Y.S.  Liu  and 
H.S.  Cole,  G.E.  Corporate  Research  and 
Development  Center,  Schenectady,  NY. 

9:00  B3.2 

LASER  DIRECT  WRITING  OF  OPTICAL  INTERCON¬ 
NECTS  IN  POLYIMIDES  AND  Si02:Ti02  COATINGS, 
D.W.  Hewak  and  H.  Jerominek,  National  Optics 
Institute,  Sainte-Foy,  Canada. 

9:15  B3.3 

SELECTIVE  AREA  DEPOSITION  OF  CONDUCTING 
PALLADIUM  FILMS  ON  POLYIMIDE  RESINS,  Yoon-Gi 
Kim.  S.  Bialy,  R.  Miller,  J.T.  Spencer  and 
P. A.  Dowben,  Syracuse  University,  Center  for 
Molecular  Electronics,  Departments  of  Phys¬ 
ics  and  Chemistry,  Syracuse,  NY. 


9:30  B3.4 

UV  EXCIMER  LASER  INDUCED  DEPOSITION  OF 
PALLADIUM  FROM  SPIN-ON  PALLADIUM-ACETATE 
FILMS,  Hilmar  Esrom  and  Georg  Wahl,  Asea- 
Brown-Boveri  ABB-CRH ,  Eppelheimer  Strasse, 
Heidelberg,  West  Germany;  and  Michael  Stuke, 
Max-Planck-Institut  fur  biophysikalische 
Chemie,  Gottingen,  West  Germany. 

9:45  B3.5 

SELECTIVE  CHEMICAL  VAPOR  DEPOSITION  OF 
TUNGSTEN  ON  LASER-WRITTEN  PRENUCLEATION 
PALLADIUM  PATTERNS,  Oliver  Gottsleben  and 
Michael  Stuke,  Max-Planck-Institut  fur 
biophysikalische  Chemie,  Gdttingen,  West 
Germany. 

10:00  BREAK 

10:30  B3.6 

ANOMALOUSLY  DEEP  STRUCTURES  PRODUCED  BY  III- 
V  MATERIALS  BY  COMBINED  FOCUSED  ION  BEAM 
IMPLANTATION  AND  DRY  ETCHING,  Llovd  R. 
Harriott .  Henry  Temkin  and  Yuh-Lin  Wang, 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ. 

10:45.  B3.7 

ULTRAHIGH  VACUUM  COMPATIBLE  HALOGEN  ETCHING 
PROCESS  FOR  SEMICONDUCTOR  SURFACES,  Andrew 
Freedman  and  Charter  D.  Stinespring,  Center 
for  Chemical  and  Environmental  Physics, 
Aerodyne  Research,  Inc.,  Billerica,  MA. 

11:00  B3.8 

CONTROL  OF  ETCHING  RATE  IN  LASER-CHEMICAL 
REACTION  OF  Mn-Zn  FERRITE  BY  MeV  ION  IMPLAN¬ 
TATION,  Y.F.  Lu.  Mikio  Takai,  and  S.  Namba, 
Osaka  University,  Faculty  of  Engineering 
Science  and  Research  Center  for  Extreme 
Materials,  Osaka,  Japan. 

11:15  BJLv£ 

PRECURSORS  TO  PHOTO-ABLATION  OF  SODIUM 
TRISILICATE  GLASS  DUE  TO  UV  EXCIMER  IRRADIA¬ 
TION,  P.A.  Eschbach,  L.T.  Dickinson  S.C. 
Langford,  Washington  State  University, 
Physics  Department,  Pullman,  WA;  and  L.R. 
Pederson,  Battelle-Pacif ic  Northwest  Labora¬ 
tory,  Richland,  WA. 

11:30  B3.10 

X-RAY  PHOTOEMISSION  INVESTIGATION  OF  EXCIMER 
LASER-INDUCED  ETCHING  OF  InP,  R.  Matz  and  J. 
Meiler,  Research  Laboratories  of  Siemens  AG, 
Department  ZFE  FI  FKE  32,  Mvinchen,  West 
Germany:  and  D.  Haarer,  Universitat  Bay¬ 
reuth,  Department  Experimentalphysik  IV, 
Bayreuth,  West  Germany. 

11:45  B3.ll 

SELECTIVE  ETCHING  AND  PHOTO-BLEACHING  IN 
THIN  AMORPHOUS  Ge-Sb-S  FILMS,  Evdokia  B. 

Savova  and  Boyill  I. _ Pashmakoff .  Institute 

of  Solid  State  Physics,  Sofia,  Bulgaria. 
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12:00 

ULTRAFAST  IMAGING  OF  ULTRAVIOLET  LASER 
ABLATION  AND  ETCHING  OF  POLYMETHYL  METHA¬ 
CRYLATE,  Bodil  Braren.  R.  Srinivasan,  Kelly 
G.  Casey,  and  Mildred  Yeh,  IBM  T.J.  Watson 
Research  Center,  Yorktown  Heights,  NY. 

SESSION  B4 

Chair:  Thomas  F.  Kuech 

Thursday  Afternoon,  November  30 
Salon  A/B  (M) 

1:30  *B4 . 1 

SELECTIVE  SILICON  EPITAXY  FOR  ADVANCED  DRAM 
STRUCTURES,  G.  Bronner,  IBM  T.J.  Watson 
Research  Center,  Yorktown  Heights,  NY. 

2:00  B4.2 

SURFACE  REACTION  MECHANISMS  IN  SELECTED  AREA 
EPITAXY  OF  II-VI's,  S.J.C.  Irvine.  H.  Hill, 
J.E.  Hails,  S.J.  Barnett  and  J.B.  Mullin, 
Royal  Signals  and  Radar  Establishment, 
Worcestershire,  United  Kingdom. 

2:15  B4.3 

NOVEL  STACKED  CMOS  PROCESS  BY  LOCAL  OVER¬ 
GROWTH,  Ren6  P.  Zingq.  B.  Hofflinger,  In¬ 
stitute  for  Microelectronics,  CMOS  Technol¬ 
ogy,  Stuttgart,  West  Germany;  and  G.W. 
Neudeck,  Purdue  University,  Electrical 
Engineering  Department,  West  Lafayette,  IN. 

2:30  P.4-,4 

LASER  ASSISTED  MOLECULAR  BEAM  EPITAXY 
(LAMBE)  GaAs  ON  SILICON  PHOTODETECTORS, 
Christou .  N . A .  Papanicolaou,  and  G.W. 
Anderson,  Naval  Research  Laboratory,  Surface 
Physics  Branch,  Washington,  DC. 

2:45  B4.5 

LASER  SELECTIVE  AREA  EPITAXY  FOR  THE  IN¬ 
TEGRATION  OPTOELECTRONIC  STRUCTURES,  H.  Liu. 
J.C.  Roberts,  J.  Ramdani,  and  S.M.  Bedair, 
North  Carolina  State  University,  Electrical 
and  Computer  Engineering  Department,  Ra¬ 
leigh,  NC. 

3:00  M,6 

LASER  INDUCED  SURFACE  CHEMICAL  EPITAXY, 
Charter  D.  Stinespring  and  Andrew  Freedman, 
Center  for  Chemical  and  Environmental  Phys¬ 
ics,  Aerodyne  Research,  Inc.,  Billerica,  MA. 

3:15  B4.7 

LASER  PROCESSED  SILICIDES  FOR  GAAS  HEMTS, 
W.T .  Anderson.  A.  Christou,  Naval  Research 
Laboratory,  Surface  Physics  Branch,  Washing¬ 
ton,  DC;  C.  Michelakis,  G.  Kiriakidis, 
Research  Center  of  Crete,  Heraklion,  Greece. 

3:30  BREAK 


4:00  B4.8 

MASKLESS  FORMATION  OF  TUNGSTEN  FILM  BY  ION 
BEAM  INDUCED  DEPOSITION  TECHNIQUE,  Zheng  Xu, 
Kenii  Gamo  and  Susumu  Namba,  Osaka  Univer¬ 
sity,  Faculty  of  Engineering  Science,  Osaka, 
Japan. 

4:15  B4.9 

NANOLOTHOGRAPHY  BY  STM  ON  Rb0  3M0O3,  A 
CONDUCTING  OXIDE,  G.  Rudd,  D.  Novak,  S. 
Wang,  S.H.  Garofalini  and  E.  Garfunkel . 
Rutgers  University,  Laboratory  for  Surface 
Modification  and  Center  for  Ceramics  Re¬ 
search,  Departments  of  Chemistry  and  Phys¬ 
ics,  Piscataway,  NJ. 

4:30  MxJJ2 

COMBINING  ELECTRON  AND  ION  BEAM  TECHNIQUES 
FOR  THE  PRODUCTION  OF  BURIED  SINGLE-CRYSTAL 
METALLIC  WIRES,  S .  D .  Beraer .  Julita  E. 
Woroniecka,  H.A.  Huggins,  Alice  E.  White, 
K.T.  Short,  and  D.  Loretto,  AT&T  Bell  Labor¬ 
atories,  Murray  Hill,  NJ. 

4:45  B4.ll 

THE  ROLE  OF  ADSORPTION  AND  VAPOR  PRESSURE  IN 
FOCUSED  ION  BEAM  INDUCED  DEPOSITION  OF 
CARBON  FILMS,  S.J.  Kirch.  IBM  General 
Technology  Division,  East  Fishkill,  Hopewell 
Junction,  NY;  and  D.E.  Seeger,  IBM  T.J. 
Watson  Research  Ctr. ,  Yorktown  Heights,  NY. 

5:00  B4.12 

LASER  ABLATION  AND  PLASMA  HYBRID  TECHNIQUE 
FOR  DEPOSITING  MULTILAYERED  STRUCTURES,  J, 
Krishnaswamv.  S.  Sharan,  and  J.  Narayan, 
North  Carolina  State  University,  Raleigh, 
NC;  and  O.W.  Holland,  Oak  Ridge  National 
Laboratory,  Solid  state  Div. ,  Oak  Ridge,  TN. 

SESSION  B5; _ POSTER  SESSION 

Chair:  Christopher  Moylan 
Thursday  Evening,  November  30 
7:00  p.m.  -  10  p.m. 

America  Ballroom  (W) 

B5.1  A  NEW  MODEL  OF  POLYMER  PHOTOABLA¬ 

TION  KINETICS,  Svlvain  Lazare .  and  Vincent 
Granier,  Universite  de  Bordeaux  I,  Labora- 
toire  de  Photophysique  et  Photochimie  Mol6c- 
ulaire,  Talence,  France. 

B5.2  A  PROCESS  MODEL  FOR  REACTIVE  ION 

ETCHING  AND  STUDY  OF  THE  EFFECTS  OF  MAG¬ 

NETRON  ENHANCEMENT,  M .  Meyvappan .  Scientific 
Research  Associates,  Inc.,  Glastonbury,  CT. 

B5.3  SILICON  FILM  AS  A  NEW  ETCHING  MASK 

FOR  InP  DEVICES,  X.S.  Wu,  Shanghai  Institute 
of  Metallurgy,  Academia  Sinica,  Shanghai, 
China;  Shuojin  Wang,  Zhejiang  University, 
Hangzhou,  China;  Zhangde  Lu,  Shanghai  in¬ 
stitute  of  Metallurgy,  Academia  Sinica, 
Shanghai,  China;  and  Jun  Chen .  Fudan  Univer¬ 
sity,  Institute  of  Materials  Science,  Shan¬ 
ghai,  China. 
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B5.4  ETCHING  OF  GAAS  ON  AlGaAs  IN  RIE- 
MODE,  G.  Kaufel.  E.  Olander,  Fraunhofer- 
Institut  fur  Angewandte  Festkorperphysik, 
Freiburg,  West  Germany. 

B5.5  COPPER  VAPOR  LASER  USED  IN  ETCHING 
AND  DEPOSITION,  Belaacem  Haba,  Brian  W. 
Hussey,  Arunava  Gupta  and  Robert  J.  Baseman, 
IBM  T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY. 

B5.6  DOWNSTREAM  ETCHING  OF  GaAs  AND  InP 
USING  MOLECULAR  CHLORINE  AND  CHLORINE  RADI¬ 
CALS  David  G.  Lishan  and  Evelyn  L.  Hu,  Uni¬ 
versity  of  California,  Santa  Barbara,  Elec¬ 
trical  and  Computer  Engineering  Department, 
Santa  Barbara,  CA. 

B5 . 7  COMBINING  SPONTANEOUS  MOLECULAR 
ASSEMBLY  WITH  MICROFABRICATION  TO  PATTERN 
SURFACES:  COORDINATION  CHEMISTRY  OF  FUNC¬ 
TIONALIZED  ISONITRILES  TO  Pt  SURFACES,  J, J. 
Hickman.  C.  Zou,  D.  Ofer  and  M.S.  Wrighton, 
Massachusetts  Institute  of  Technology, 
Department  of  Chemistry,  Cambridge,  MA;  P. 
Laibinis,  C.  Bain  and  G.M.  Whitesides, 
Harvard  University,  Department  of  Chemistry, 
Cambridge,  MA. 

B5.8  HOLLOW  COLD  CATHODE  ION  SOURCE  FOR 
REACTIVE  ION-BEAM  ETCHING,  A. I.  Stocmii  and 
V.  V.  Tokarev,  BSSR  Academy  of  Sciences, 
Institute  of  Solid  State  and  Semiconductor 
Physics,  Minsk,  USSR. 

B5.9  LASER  INDUCED  FORWARD  TRANSFER  FOR 
THE  DEPOSITION  OF  PATTERNED  HIGH  Tc  SUPER¬ 
CONDUCTOR  THIN  FILMS,  E.  Foaarassv.  C. 
Fuchs,  and  s.  De  Unamuno,  CRN,  Laboratoire 
PHASE,  Strasbourg,  France;  and  J.  Perriere, 
University  de  Paris  VII  (G.P.S.  de  l'ENS), 
Paris,  France. 

B5.10  DIRECT  EVIDENCE  FOR  THE  CREATION  OF 
MICROPORES  IN  UV- IRRADIATED  POLY  (METHYL 
METHACRYLATE),  J.A.  Moore  and  J.-O.  Choi, 
Rensselaer  Polytechnic  Institute,  Polymer 
Science  and  Engineering  Program,  Troy,  NY. 

B5.ll  REACTIVE  ION  ETCHING  OF  In-BASED 
III-V  SEMICONDUCTORS-COMP ARISON  OF  Cl  AND 
C2H6  CHEMISTRIES,  S.J.  Pearton .  U.K. 
Chakrabarti,  F.A.  Baiocchi,  and  W.S.  Hobson, 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ. 

B5.12  ELEVATED  TEMPERATURE  REACTIVE  ION 
ETCHING  OF  GaAs  AND  AlGaAs  IN  C2H6/H2,  S.J. 
Pearton .  W.S.  Hobson,  AT&T  Bell  Labora¬ 
tories,  Murray  Hill,  NJ?  and  K.S.  Jones, 
University  of  Florida,  Gainesville,  FL. 


BS .13  CHARACTERIZATION  OF  SIDEWALL  RESI¬ 
DUE  FILM  AND  ATOMIC  STRUCTURE  OF  THE  TRENCH 
FORMED  BY  BCI 3/Cl 2  REACTIVE  ION  ETCHING,  Sun 
Jin  Yun  and  Young-Jin  Jeon,  Electronics  and 
Telecommunications  Research  Institute, 
Semiconductor  Technology  Division,  Daejeon, 
Korea;  Jeong  Y.  Lee,  Korea  Institute  of 
Technology,  Daejeon,  Korea. 

B5.14  SUBSTRATE  HEATING  EFFECTS  IN  EX- 
CIMER  LASER  PLANARIZATION  OF  ALUMINUM, 
Robert  J,  Baseman  and  Joseph  C.  Andreshak, 
IBM  T.J.  Watson  Research  Center,  Research 
Division,  Yorktown  Heights,  NY. 

B5.15  WHOLE  COMPOSITION  RANGE  DEPOSITION 
OF  THIN  FILMS  BY  MAGNETRON  COSPUTTERING  AND 
ITS  APPLICATIONS,  Oina-Mina  Chen.  Huazhong 
University  of  Science  and  Technology,  Wuhan, 
China;  Yu-Dian  Fan  and  Heng-De  Li,  Tsinghua 
University,  Beijing,  China. 

B5.16  THE  ETCHING  OF  Si  (100)  WITH  A 
MOLECULAR  BEAM  OF  F2 ,  K.B.  Laucrhlin.  M. 
McGonigal,  D.J.  Gladstone,  M.T.  Schulberg 
and  S.T.  Ceyer,  Massachusetts  Institute  of 
Technology,  Department  of  Chemistry, 
Cambridge,  MA. 

B5.17  SELECTIVE  CHEMICAL  VAPOR  DEPOSITION 
OF  TUNGSTEN  FILMS  ON  TITANIUM  ION-IRRADIATED 
SILICON  DIOXIDE,  H.  Okuhira .  S.  Nishimatsu 
and  K.  Ninomiya,  Hitach,  Ltd.,  Central 
Research  Laboratory,  Tokyo,  Japan. 

B5.18  STATISTICAL  INTERPRETATION  OF  IR  AND 
UV  PHOTOABLATION,  Ruediger  Braun  and  Peter 
Hess .  University  of  Heidelberg,  Institute  of 
Physical  Chemistry,  Heidelberg,  West  Ger¬ 
many. 

B5.19  THE  EFFECTS  OF  SOURCE  GAS,  TEMPERA¬ 
TURE  AND  PRESSURE  ON  THE  SURFACE  PLANARITY 
AND  MICROSTRUCTURE  OF  SILICON  SEG  AND  ELO, 
M.C.  Arst.  K.N.  Ritz,  J.T.  Chen,  S.  Redkar, 
Philips  Research  Laboratories,  Signetics 
Company,  Sunnyvale,  CA;  J.o.  Borland  and  J. 
Hann,  Applied  Materials,  Inc.,  Epi  Applica¬ 
tion  Laboratory,  Santa  Clara,  CA. 

B5.20  IN-SITU  CHARACTERIZATION  OF  CHEMICAL 
VAPOR  DEPOSITION,  R.  Scarmozzino.  T. 
Cacouris ,  and  R.M.  Osgood  Jr.,  Columbia 
University,  New  York,  NY. 

B5.21  EDGE  ENHANCED  INTERLAYER  DIFFUSION 
IN  Al/Hf/Al  VLSI  METALLIZATION,  X.S.  Guo  and 
W.A.  Lanford,  State  University  of  New  York 
at  Albany,  Albany,  NY;  and  K.P.  Rodbell, 
IBM-East  Fishkill,  Hopewell  Junction,  NY. 

B5.22  LASER  WRITING  OF  HIGH  PURITY  GOLD 
LINES,  M.  Jubber,  J.I.B.  Wilson,  J.L. 
Davidson,  P.A.  Fernie,  P.  John.  Heriot-Watt 
University,  Riccarton,  Edinburgh,  Scotland. 
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BS  .23  PHOTOSTIMULATED  DEFECT-IMPURITY 
REACTIONS  DURING  ION  BOMBARDMENT  OF  SI,  Alex 
B.  Danilin,  Yuri  N.  Erokhin,  Vicktor  N. 
Mordkovich .  Institute  of  Microelectronics 
Technology  and  Superpure  Materials,  USSR 
Academy  of  Sciences,  Moscow,  USSR. 

SESSION  B6 

Chair:  Mordechai  Rothchild 

Friday  Morning,  December  1 
Salon  A/B  (M) 

8:30  *B6.1 

GENERATION  OF  BLIND  VIA-HOLES  FOR  A  HIGH 
DENSITY  MULTI-CHIP-MODULE  USING  EXCIMER 
LASERS,  Friedrich  G.  Bachmann.  Siemens  AG, 
Corporate  Production  and  Logistics  Depart¬ 
ment,  Munich,  West  Germany. 

9:00  B6-2 

UV  LASER-INDUCED  ETCHING  OF  FIRST-ROW  TRAN¬ 
SITION  METALS,  G.W.  Tvndall  ■  IBM  Almaden 
Research  Center,  San  Jose,  CA. 

9:15  B6.3 

PHOTOCHEMICAL  AREA-SELECTIVE  ETCHING  OF  Si 
AND  Si02  USING  SYNCHROTRON  RADIATION, 
Junichi  Takahashi .  Yuichi  utsumi  and  Tsuneo 
Urisu,  NTT,  LSI  Laboratories,  Kanagawa, 

Japan. 

9:30  B6.4 

EXCIMER  LASER-ASSISTED  ETCHING  OF  SILICON 

USING  CHLOROPENTAFLUOROETHANE ,  S.D.  Russel, 
and  D.A.  Sexton,  Naval  Ocean  Systems  Center, 
Solid  State  Electronics  Division,  San  Diego, 
CA. 

9:45  P6.5 

LOCALIZED  LASER-ASSISTED  ETCHING  OF  COPPER 
FILMS  BY  CHLORINE  USING  RAMAN  SPECTROSCOPY 
FOR  IN-SITU  FILM  ANALYSIS,  Hua  Tana  and 
Irving  P.  Herman,  Columbia  University, 
Department  of  Applied  Physics  and  the  Micro¬ 
electronics  Sciences  Laboratories,  New  York, 
NY. 

10:00  BREAK 

10:15  B6.6 

SELECTIVE  TUNGSTEN  CVD  ON  A-SI:H  BY  PULSED 
UV  LASER  MODIFICATION  OF  THE  NATIVE  OXIDE, 

Arthur  -  T r _ Howe ,  K.v.  Reddy,  Darrell  L. 

Wuensch  and  Jeff  T.  Niccum,  Amoco  Technology 
Company,  Technology  Division,  Naperville, 
IL;  and  Gerry  W.  Zajac,  Amoco  Corporation, 
Analytical  Division,  Naperville,  IL 

10:30  B6.7 

WAVELENGTH-DEPENDENT  AREA  SELECTIVITY  IN 
PHOTOCHEMICAL  VAPOR  DEPOSITION  OF  ALUMINUM 
FILMS,  Mitsuou  Hanabusa  and  Masahi  Ikeda, 
Toyohashi  University  of  Technology,  Toyo- 
hashi,  Japan. 


10:45  B6.8 

KrF  EXCIMER  LASER  INDUCED  DEPOSITION  OF 
TITANIUM  FROM  TiCl4  ,  R.  Izauierdo.  M. 
Meunier  and  C.  Lavoie,  Ecole  Polytechnique 
de  Montreal ,  Groupe  des  Couches  Minces  et 
D6partement  de  Genie  Physique,  Montreal, 
Canada. 

11:00  B6.9 

SELECTIVE  RAPID  THERMAL  CVD  OF  GERMANIUM, 
D.T.  Grider.  M.C.  Ozturk,  J.J.  Wortman, 
North  Carolina  State  University,  Department 
of  Electrical  and  Computer  Engineering, 
Raleigh,  NC;  Y.  Zhong,  Liaoning  University, 

Physics  Department,  Liaoning,  China;  D. 
Batchelor,  and  P.  Russell,  North  Carolina 
State  University,  Department  of  Materials 
Science  and  Engineering,  Raleigh,  NC. 

11:15  B6.10 

LASER-INDUCED  LOCAL  DECOMPOSITION  OF  AD¬ 
SORBED  TUNGSTEN  FLUORINE  MOLECULES  FOR  METAL 
DEPOSITION  ON  SILICON,  G.  Auvert .  D. 
Tonneau,  and  Y.  Pauleau,  C.N.E.T.,  Meylan, 
France . 

11:30  B6.ll 

EXCIMER  LASER  INDUCED  DEPOSITION  OF  TUNGSTEN 
FROM  W(CO)$  AND  WF6 ,  B.  Rader  and  F. 
Bachmann,  Siemens  AG,  Corp.  Production  and 
Logistics  Department,  Munich,  West  Germany. 

11:45  B6.12 

DIRECT  WRITING  OF  COPPER  LINES  USING  ND: YAG 
LASER  AND  COPPER  FORMATE  PRECURSORS, 
HsinricH-G,  Muller  and  Siegfried  Schuler,  TU 
Berlin,  Forschungsschwerpunkt  Mikroperi- 
pherik,  Berlin,  West  Germany. 

SESSION  B7 

Chair:  Robert  Rosenberg 

Friday  Afternoon,  December  1 
Salon  A/B  (M) 

1:30  *JB7_a 

LASER-INDUCED  FORMATION  AND  SURFACE  PROCESS¬ 
ING  OF  HIGH -TEMPERATURE  SUPERCONDUCTORS, 
D.w.  Bauerle.  Angewandte  Physik,  Johannes- 
Kepler-Universitat,  Linz,  Austria. 

2:00  B7.2 

LASER  PATTERNING  AND  ELECTRICAL  PROPERTIES 
OF  SUBMICROMETERS  LINES  OF  Y-Ba-Cu-O,  J.P. 
Zheno .  Q.Y.  Ying,  H.S.  Kim,  D.T.  Shaw  and 
H.S.  Kwok,  State  University  of  New  York  at 
Buffalo,  Institute  on  Superconductivity, 
Buffalo,  NY. 

2:15  B7.3 

PULSED  EXCIMER  LASER  ABLATION  FOR  THE  DEPOS¬ 
ITION  OF  YBaCuO  AND  BiSrCaCuO  COMPOUNDS: 
MATERIALS  DISTRIBUTION  AND  STOICHIOMETRY,  £_*. 
Fuchs  and  E.  Fogarassy,  CRN,  Laboratoire 
PHASE,  Strasbourg,  France. 


61 


2:30  B7.4 

(ABSTRACT  WITHDRAWN) 

2:45  BREAK 

3:00  B7.5 

TUNABLE  UV  LASER  DECOMPOSITION  OF  GAS  PHASE 
AND  SURFACE  ADSORBED  ORGANOMETALLICS ,  Thomas 
Beuermann .  Yanping  Zhang,  and  Michael  Stuke, 
Max-Planck-Institut  fOr  biophysikalische 
Chemie,  Gottingen,  West  Germany. 

3:15  B7.6 

LOW  TEMPERATURE  INTERLEVEL  Si02~LAYERS  BY 
PHOTOINDUCED  PROCESSING,  H.  Sicrmund .  A. 
Klumpp  and  G.  Springholz,  Fraunhofer-In- 
stitute  for  Solid  State  Technology,  Munchen, 
West  Germany. 

3:30  B7.7 

PHOSPHORUS  DOPING  INTO  SILICON  USING  ArF 
EXCIMER  LASER,  A.  Slaoui .  E.  Foulon,  E. 
Fogarassy,  and  P.  Siffert,  Laboratoire 
PHASE,  C.N.R.S. ,  Strasbourg,  France. 

3:45  B7.8 

ROLES  OF  GAS  PHASE  AND  SURFACE  PHOTOLYSIS  IN 
LCVD  FROM  Fe  ( CO )  5  ,  Xu  Xin .  Institute  for 
Atomic  Energy  Research,  Beijing,  China  and 
Massachusetts  Institute  of  Technology, 
Department  of  Chemistry,  Cambridge,  MA;  and 
J.I.  Steinfeld,  Massachusetts  Institute  of 
Technology,  Department  of  Chemistry,  Cam¬ 
bridge,  MA. 

4:00  B7.9 

ROOM  TEMPERATURE  PHOTO-OXIDATION  OF  HYDRO¬ 
GENATED  SILICON-CARBON  ALLOYS,  P.  John.  I.M. 
Odeh,  A.  Qayyum  and  J.I.B.  Wilson,  Heriot- 
Watt  University,  Riccarton,  Edinburgh, 
Scotland. 

4:15  B7.10 

MECHANISM  OF  SELECTIVE  AREA  GROWTH  OF  ALUMI¬ 
NUM  BY  ORGANOMETALLIC  CHEMICAL  VAPOR  DEPOSI¬ 
TION,  Krishnan  Raohavachari .  G.s.  Higashi, 
and  M.L.  Steigerwald,  AT&T  Bell  Labora¬ 
tories,  Murray  Hill,  NJ. 

4:30  EL7t_ll 

METAL  DEPOSITION  WITH  INCOHERENT  EXCIMER 
RADIATION,  Hilroar  Esroro.  Asea-Brown-Boveri 
AG,  Corporate  Research  Heidelberg,  Heidel¬ 
berg,  West  Germany;  and  Ulrich  Kogelschatz, 
Asea-Brown-Boveri  AG,  Corporate  Research 
Baden,  Baden,  Switzerland. 
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Bl.l  ABSTRACT  NOT  AVAILABLE 
B1.2 

X-RAY  LITHOGRAPHY  FOR  THE  l990's...REAL  OR  NOT? 
Alan  D.  Wilson,  IBM  Research  Division,  T.  .1.  Watson  Research 
Center.  P.  O.  Box  218,  Yorklown  Heights,  New  York  KWH, 
X-Ray  Lithography  has  been  a  technology  that  was  slated  to  be 
used  at  the  limits  of  Optical  Lithography  and  this  was  to  be  at  the 
one  micron  or  so  minimum  feature  size  which  the  industry  reached 
in  about  |98h.  X-rays  are  not  used  today  so  what  happened  and 
will  they  ever  be  used  to  make  VLSI  chips?  To  answer  the  first 
question  is  very  easy. ..optical  lithography  did  not  reach  its  limit. 
To  answer  the  second  question  is  more  difficult  and  that  will  be  the 
goal  of  this  paper,  and,  it  will  be  shown  that  waiting  for  optical 
lithography  to  reach  its  limit  may  be  the  wrong  thing  to  do.  In  ad¬ 
dition  to  the  usual  resolution  enhancements,  x-ray  lithography  offers 
potential  advantages  in  (1)  yield,  (2)  process  simplicity  (and  thus 
cost),  and  (3)  chip  size. 

WHAT  IS  X-RAY  LITHOGRAPHY? 

X-ray  lithography  is  a  proximity  printing  process  using  ~I0  A  x- 
rays.  Resolutions  of  0.1  micron  have  been  demonstrated  in  a  num¬ 
ber  of  laboratories  around  the  world  and  a  large,  relative  to  optical 
lithography,  depth  of  focus  has  been  observed  as  well  as  100% 
process  latitude.  This  process  latitude  is  an  excellent  attribute  and 
has  a  significant  role  in  the  apparent  insensitivity  of  x-rays  to  de¬ 
fects  and  excellent  linewidth  control  achieved  with  x-rays.  X-ray 
lithography  does  not  employ  any  optical  elements  between  mask 
and  wafer  which  could  limit  the  field  size  as  in  optical  lithography. 
Chip  or  field  size  is  limited  by  mask  defect  density  or  overlay.  In¬ 
trinsic  exposing  rates,  determined  by  the  ratio  of  x-ray  power  to  re¬ 
sist  sensitivity,  is  on  the  order  of  10  cm3, sec.  -  a  very  suitable  rate 
of  exposure  for  manufacturing. 

BI.3 

Pulsed  uv-laser  processing  for  Ultra-High-Speed  device 
TECHNOLOGY.  Thomas  W.  Sigmon.  Stanford  University,  Stanford, 
CA;  Run  H.  Weiner,  LLNL,  Livermore,  CA.;  and  Paul  G.  Carey. 
Siemens,  Munich,  FRD. 

Progress  in  high-speed  device  technology  is  occuring  by  both  scaling  of 
conventional  devices,  such  as  MOSFET  and  bipolar,  and  the 
development  of  new  device  structures  which  take  advantage  of  multi¬ 
layer  heterostructures.  With  scaling  in  the  lateral  dimensions  producing 
devices  with  dimensions  approaching  0.1pm,  vertical  scaling  has  become 
a  topic  of  concern.  This  talk  will  focus  on  results  obtained  using  pulsed 
uv-laser  doping  and  selective  epitaxy  which  addresses  several  of  the 
problems  faced  in  both  the  vertical  scaling  of  junctions  for  silicon  MOS 
and  bipolar  structures  and  in  the  fabrication  of  selective  heterostructure 
layers.  Following  a  brief  historical  overview  and  description  of  the 
process,  successful  applications  in  the  fabrication  of  submicron 
MOSFETs  and  narrow  base  bipolar  transistors  in  silicon  will  be 
presented.  Results,  both  structural  and  electrical,  on  the  fabrication  of 
heterostructures  layers  in  the  Ge^Si;.*  and  lnJIGa;.xAs  material  systems 
will  be  presented. 

Bi  .4 

TIME-RESOLVED  REFLECTANCE  MEASUREMENTS  OF  THE 
MELTING  OF  METAL  DEPOSITS  DURING  CONTINUOUS-WAVE 
LASER-INDUCED  CHEMICAL  VAPOR  DEPOSITION 
Paul  B.  ComiU,  IBM  Almadcn  Research  Center,  650  Harry  Road,  San  Joae, 

CA  95120;  Peter  E.  Price,  Jr.,  Department  of  Chemical  Engineering  and 
Materials  Science.  Univenity  of  Minnesota,  Minneapolis,  MN  55455;  and 
Toivo  T.  Kodai,  Department  of  Chemical  and  Nuclear  Engineering, 
Univenity  of  New  Mexico,  Albuquerque,  NM. 

We  have  observed  the  explosive  melting  of  metallic  gold  during  laser-induced 
chemical  vapor  deposition  (LCVD)  of  gold  on  alumina  surfaces,  and  have 
examined  the  time  evolution  of  the  phase  change  with  reflectance 
measuiementi.  The  phase  change  has  been  observed  when  the  continuous 


wave  laser  tight  is  modulated  between  aproximately  0.5  Hz  and  1  Mhz,  and 
occurs  with  a  substantial  increase  in  emitted  light  at  normal  ineide^  to  the 
laaer-imdiated  surface.  This  has  been  shown  to  be  due  to  a  change  in  the 
reflected  laser  light  normal  to  the  surface  of  the  metal  deposit.  During  the  time 
the  surface  of  a  deposit  is  liquid  or  molten,  the  surface  conforms  to  the 
substrate  and  the  incident  light  is  reflected  primarily  normal  to  the  surface. 
When  the  surface  of  the  deposit  is  a  polycrystalline  solid,  the  incident  h»»m  is 
scattered  and  reflected  light  normal  to  the  surface  is  reduced.  The  increase  in 
reflected  laser  light  due  to  melting  has  been  examined  during  the  stationary 
growth  of  a  gold  deposit  during  single  pulses  of  laser  light.  The  reflected  light 
at  normal  incidence  to  the  surface  has  been  determined  aa  a  function  of  laaer 
fluence,  wavelength  in  a  two  color  experiment,  length  of  duty  cycle,  and 
frequency  of  modulation.  The  laser  light  was  modulated  with  a  high  power 
electro-optic  modulator  with  a  20  Mhz  bandwidth.  The  influence  of  thia 
technique  on  the  micro stucture  of  gold  deposited  by  LCVD  has  been 
examined  in  detail  by  scanning  electron  microscopy. 

Bl .  5 

In  situ  measurement  of  pulsed  laser  induced 
carrier  ganeration  in  doped  silicon  films. 

T . Same  s  h ima .  M.Hara  and  S.Usui,  Sony  Research 
Center , Yokohama .Japan. 

Very  fast  carrier  generation  during  laser 
doping  was  established  by  transient  conductance 
measurements.  A  non-doped  SOS  film  with  A1 
electrodes  with  a  gap  on  the  surface  was  coated 
with  a  thin  boron  film  by  decomposition  of  B.H. 
gas  using  glow  discharge.  The  conductance  change 
of  the  silicon  film  between  the  A1  electrodes  was 
measured  when  the  silicon  surface  was  melted  by 
irradiation  with  a  pulsed  XeCl  excimer  las^r  (30ns 
FWHM)  at  an  energy  density  of  l.OJ/cm  .  The 
conductance  associated  with  molten  silicon  first 
increased,  then  decreased  In  the  resolidifica¬ 
tion  process,  residual  conductance  caused  by  heavy 
boron  doping  was  measured.  Condcutance  was  0.05Sfa 
at  the  termination  of  melt,  which  was  determined 
by  the  termination  of  high  optical  reflectivity 
associated  with  surface  molten  state  using  time 
resolve  optical  reflectivity  measurements  to  be 
400ns  after  irradiation  had  ceased.  This  result 
indicates  that  the  boron  atoms  diffused  in  the 
molten  silicon  from  the  surface  were  activated 
immediately  after  the  molten  silicon  resolidified. 
Transient  conductance  measurements  also  showed 
that  after  the  solidification,  the  conductance 
increased  monotonously  with  time  to  reach  0.1  IS ^3 
at  room  t emppe r a t u re .  The  increase  of  conductance 
with  time  can  be  interpreted  as  the  increase  in 
the  mobility  of  carriers  as  the  silicon  film 
cooled  through  heat  diffusion  to  the  underlying 
subs  t  r a  t  e  . 

B1.6 

SURFACE  CHEMISTRY  OF  DIME!  If YL ALUMINUM 
HYDRIDE  AND  I  RIMF.THYI. ALUMINUM  ON 
ALUMINUM  Dtinicl  R.  Slmnpin  a  ml  Paul  B.  Cnmit.i,  IBM 
Almadcn  Research  Center,  (>5()  Harry  Rond.  San  lose.  CA 
95 1 20. 

The  adsorption  anil  reaction  pathways  or  both 
dimcthylaluminum  hydride  (DMAH)  and  trimcthylalumimim 
(TMA)  have  been  investigated  on  a  polycrystalline  aluminum 
surface  with  temperature  programmed  desorption,  Auger 
electron  spectroscopy,  and  secondary  ion  mass  spectrometry. 
DMAH  is  adsorbed  on  the  aluminum  surface  at  90  K  in  its 
monomeric,  dimeric,  and  trimcric  forms.  TMA  adsorbs 
primarily  in  the  dimeric  form  and  it  desorbs  from  the  aluminum 
surface  at  about  190  K.  Secondary  ion  mass  spectroscopy  and 
Auger  electron  spectroscopy  show  that  carbonaceous  deposits 
arc  left  on  the  aluminum  surface  after  TMA  desorption.  The 
temperature  programmed  desorption  of  DMAH  from  the 
aluminum  surface  results  in  the  desorption  of  of  DMAH  dimer 
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and  trimcr  between  195  and  255  K.  TMA  is  found  to  desorb 
as  a  reaction  product  at  230  K  when  DMAH  reacts  on  the 
aluminum  surface.  This  reaction  channel  to  form  TMA,  from 
DMAH  might  provide  a  low  temperature  pathway  for  the 
production  of  aluminum  metal. 

B1.7 

THE  INTERACTION  OF  LASER-GENERATED  METHYL 
RADICALS  WITH  Cd,  Te,  and  CdTe  FILMS.  J.J.  Zinck.  G.L.  Olson, 
P.D.  Brewer,  and  J.E.  Jensen,  Hughes  Research  Laboratories,  Malibu, 
CA. 

Methyl  radicals  have  been  shown  to  be  important  species  for  gas  phase 
(dry)  etching  of  metal  and  semiconductor  thin  films.  In  this  paper  the 
interaction  of  excimer  laser-generated  methyl  radicals  with  Cd,  Te,  and 
CdTe  films  is  examined  via'studies  of  the  adsorption  of  methyl  radicals 
and  desorption  of  reaction  products  from  these  surfaces  in  ultrahigh 
vacuum.  Methyl  radicals  were  produced  by  ArF  excimer  laser  (193  nm) 
photodissociation  of  acetone  molecules  in  a  collisionless  (molecular 
flow)  environment  A  surface-parallel  irradiation  geometry  was  used  to 
dissociate  the  molecules  in  the  gas  phase  without  simultaneously 
inducing  a  transient  temperature  increase  at  the  surface.  Thermal 
desorption  mass  spectrometry  and  Auger  electron  spectroscopy  were 
used  to  probe  the  surface  chemistry  of  the  undissociated  parent  molecule 
and  the  photodissociation  products.  Enhancement  of  the  yield  of 
desorbed  metal  alkyl  reaction  products  was  observed  when  the  excimer 
laser  was  used  to  dissociate  the  parent  molecule;  the  enhancement  factor 
depended  upon  the  substrate  type,  laser  fluence  and  gas  flux.  The 
surface  desorption  results  for  Cd,  Te,  and  CdTe  will  be  presented,  a 
mechanism  which  describes  the  interaction  between  the  laser-generated 
radicals  and  the  surface  will  be  described,  and  the  implications  of  these 
results  for  dry  etching  of  metal  and  semiconductor  thin  films  will  be 
discussed. 


Bl.8 

MECHANISM  OF  CHROMIUM  DEPOSITION  BY  UV  LASER 
LIGHT.  Rainer  Nowak  and  Peter  Hess.  Institute 
of  Physical  Chemistry,  University  of  Heidel¬ 
berg,  Im  Neuenheimer  Feld  253,  D-6900  Heidel¬ 
berg,  F.R.G. 

The  deposition  of  pure  chromium  films  at  low 
temperatures  by  LICVD  is  not  only  a  challenge 
from  a  scientific  point  of  view,  but  also  of 
great  interest  for  potential  applications. 
Therefore,  the  deposition  process  was  studied 
as  a  function  of  the  important  parameters  such 
as  UV  laser  fluence  and  repetition  rate,  gas 
flow,  pressure,  temperature  etc.  Nucleation  and 
growth  of  the  film  were  monitored  in  situ  by 
measuring  the  transmission  of  a  HeNe  laser 
beam. 

Impurity  incorporation  into  the  deposited  film 
was  determined  by  XPS  analysis  for  different 
chromium  complexes  as  precursors  and  buffer 
gases  such  as  CO ,  rare  gases  and  hydrogen . 
These  experiments  yielded  detailed  information 
on  the  variation  of  film  composition,  but  also 
on  the  deposition  rate  and  mechanism. 

For  higher  buffer  gas  pressures  the  deposition 
process  is  diffusion  limited.  Chromium  atoms 
and  unsaturated  complexes  produced  in  the  gas 
phase  by  UV  laser  photolysis  seem  to  play  a 
more  important  role  for  nucleation  than  for  the 
growth  process.  There  is  a  strong  influence  of 
surface  chemistry  on  the  chemical  composition 
of  the  deposited  films  and  indications  for  a 
catalytic  activity  of  the  surface. 


Bl.9 

SELECTIVE  SURFACE  MODIFICATION  OP  FLUOROCARBON 
RESIN  USING  EXCIMER  LASER. 

M.OKOSHI .  A  graduate  student  of  Faculty  Eng. 
Tolcai  Univ.;  M.Murahara,  Faculty  of  Eng.  Toxai 
Unlv.,  ill?  Kitakaname,  Hiratsuka,  Kanagawa, 
259-12,  JAPAN;  K.TOYODA,  Riken,  The  Institute 
of  Physical  and  Chemical  Research,  2-1 
Hlrosawa,  Wako,  Saitaaa  351-01,  JAPAN. 

Fluorocarbon  resin  is  very  stable  material 
chemically.  Namely,  it  has  chemical  resistance 
and  heat  resistance.  However,  this  material  has 
no  adhesion,  and  no  affinity  for  oil  or  water. 

So,  we  wish  to  report  on  the  selective  area 
aodi float  ion  of  the  fluorocarbon  resin  using 
ArF  exclaer  laser  bean  and  gaseous  triaethyl 
boron  (B(CHi)a).  Then,  ArF  laser  is  irradiated 
on  these  resin  surface,  it  is  possible  to  cut 
the  strong  C-F  bond.  Even  if  this  bond  was 
cut ,  it  would  recombine  immediately  for  high 
electronegativity  of  fluorine.  Then,  two  kinds 
of  decomposition  of  B(CBa  )j  and  (C-Pj  ),  were 
tried  simultaneously  by  ArF  laser  irradiation. 

So  F  atoms  were  pulled  out  by  B  atoms.  And  all 
free  positions  F  atoms  were  substituted  by 
methyl-radicals.  By  this  photochemical 
reaction, the  surface  of  this  resin'  was  turned 
to  oleophilic  materials  selectively. 

In  this  experiment,  the  most  effective 
experimental  conditions  are  next;  the  fluence 
of  ArF  laser  beam  was  25  aJ/ca’  ,  pulse 
repetition  was  50  pps  and  irradiation  time  was 
60  sec.  And  contact  angle  with  oil  was  0-10 
degrees. 

B2.1 

LASER  SELECTED  AREA  PROCESSING  FOR 
MICROELECTRONICS  APPLICATIONS.  Shunll  Kishlda 
and  Yukio  Morishige,  Opto-Electronlca  Research 
Laboratories ,  NEC  Corporation,  Kawasaki,  Japan 

Micron-scale  thin  film  direct-patterning 
technology  has  a  variety  of  applications  in 
microelectronics.  Excellent  refractory  metal 
patterning  technologies  of  both  projection 
printing  and  direct  writing  have  been  developed 
utilizing  short  pulse  laser  CVD.  Promising 
practical  results  have  been  obtained  for 
hotomark  clear  defect  repairing,  LSI 
nterconnectlon  repairing,  LSI  failure  analysis, 
and  TFt  fabrication. 

For  mask  repairing,  projection  printing  of  hflgh 
quality  micron-scale  Cr  film  has  been  achieved 
using  high  repetition  rate  (~kHz)  laser  pulse 
irradiation.  In  LSI  interconnection  application, 
pulsed-laser-CVD  directly  written  W  line  allowa 
large  current  flow  (~102mA),  has  sufficiently  low 
contact  resistance  ($0.50)  with  Al 
interconnections,  and  revaals  high  reliability  of 
passing  aging  test.  These  superior  electrical 
characteristics  make  this  technology  applicable 
to  a  wlda  variety  of  microelectronic*  devloes, 
Including  M0S,  bipolar  and  analog  LSIs. 


B2.2 

VISIBLE-WAVELENGTH  LASER  PHOTODEPOSITION  OF 
COBALT  INTERCONNECTS*,  M.  Rothschild, 
j.  H.  C.  Sedlacek,  D.  C.  Shaver,  and 
D.  J.  Ehrlich,  Lincoln  Laboratory,  Massachusetts 
Institute  of  Technology,  Lexington,  MA,  and 
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S.  N.  Bittenson,  D.  Edwards,  Jr.,  and 

N.  P.  Economou,  Micrion  Corporation,  Peabody,  MA 


The  deposition  of  cobalt  films  from  Co2(CO)8 
vapor  has  been  developed.  The  new  process  is 
notable  in  that  it  is  initiated  photolytically 
with  low-power  visible  argon-ion-laser 
radiation.  Cobalt  films  0.1-  to  2-(lm  thick  with 
resistivities  of  30-50  jlfl-cm  are  deposited  on 
glass,  silicon  or  polyimide  substrates. 

Scanning  speeds  for  0 . 5-llm-thick  films  are 
-100  pm/s.  We  will  discuss  the  current  picture 
of  the  deposition  mechanism,  as  determined  with 
mass  and  infrared  spectroscopies,  and  summarize 
studies  of  the  electrical  and  material 
properties  of  the  deposited  films.  We  will  also 
describe  the  recent  application  of  the  process 
to  repair  of  flat  panel  displays. 


*  The  Lincoln  Laboratory  portion  of  this  work 
was  sponsored  by  the  Defense  Advanced  Research 
Projects  Agency  and  the  Department  of  the  Air 
Force,  in  part  under  a  specific  program 
supported  by  the  Air  Force  Office  of  Scientific 
Research . 

B2.3 

LASER- INDUCED  CHEMICAL  VAPOUR  DEPOSITION  OF  INORGANICS/ 
ORGANOMETALLICS  FOR  MICROELECTRONICS  APPLICATIONS.  J.G. 

Black,  H ■ B .  Harrison .  P.C.  Junk,  A.E.W.  Knight,  R.I.  McKay, 
C.L.  Raston,  Division  of  Science  and  Technology,  Griffith 
University,  Nathan  4111,  Brisbane,  Australia. 

Inorganic /organometal lie  molecules  have  been  targeted  for 
laser-assisted  metal  deposition  onto  silican  surfaces  using 
the  following  criteria:  Favourable  handling  characteristics, 
ease  of  purification,  sufficient  vapour  pressure  for 
deposition  of  practical  quantities  of  metal,  and  specific 
wavelength  absorption  characteristics  to  facilitate  the  laser- 
induced  dissociation  process.  The  inorqanic/organometallic 
precursors  are  ideally  required  to  undergo  facile  ligand- 
metal  bond  rupture  so  that  contamination  of  the  deposited 
metal  by  other  reaction  products  (eg  metal  carbides)  is 
minimized.  Generated  volatile  material  devoid  of  metal  atoms 
is  expected  to  be  easily  disposed  without  hindering  the 
primary  1j  .er- induced  deposition  process. 

In  addition  to  deposition  studies,  photochemical  mechanisms 
are  being  investigated  using  laser  photofragmentation 
excitation  spectroscopy,  in  consort  with  time  of  flight  mass 
spectrometry.  These  studies  are  being  undertaken  in  an 
attempt  to  design  a  more  controlled  experimental  environment 
using  photochemically  driven  fragmentation  rather  than  the 
more  conmonly  used  thermolytic  process. 

Preliminary  studies  have  succeeded  in  depositing  thin  lines 
of  highly  conductive  material,  with  apparently  little 
contamination.  Precursors  for  the  deposition  of  a  range  of 
materials  suitable  for  microelectronics  applications 
including  aluminium,  platinum  and  antimony  are  being 
developed. 

B2.4  ABSTRACT  NOT  AVAILABLE 


B2.5 

LASER  CHEMICAL  VAPOR  DEPOSITION  OF  W  ON  Si  AND 
SiOj/Si.  Jian-Yane  Lin.  Dept.  of  Electrical 
Engineering,  Chung  Cheng  Institute  of  Technology, 
Ta-Shi,  Taiwan,  R.O.C.:  Susan  D.  Allen,  The 
U.  of  Iowa,  Iowa  City,  IA  52242-1294,  U.S.A. 

Deposition  of  W  on  bare  Si  and  native-Si02 /Si 
substrates  has  been  investigated  in  an  laser 
chemical  vapor  deposition  (LCVD)  systen^  using 
a  highly  focused  visible  514.5  nm  cw  Ar  laser 
as  the  heat  source.  Temperature  distributions 
on  the  Si  substrate  induced  by  the  laser  beam 
were  calculated  using  a  modified  Lax  formulation 
to  study  the  deposition  kinetics.  W  deposits 
on  bare  Si  surface  via  the  Si  and/or  H2  reduction 
of  WF6  were  self-limited  in  the  thickness  to 
200  -  600  A  in  both  cases.  Auger  electron  spect¬ 
roscopic  analysis  showed  that  there  was  a  trace 

amount  of  Si  on  the  as-deposited  W  surface. 

Si-H  bonds  could  be  poisoning  the  further  growth 
of  W.  W  deposits  on  native-Si02 /Si  were  only 
obtainable  via  the  H2  reduction  of  WFS  in  our 

laser  direct-write  system.  Our  experimental 
kinetic  study  indicated  that  HF  desorption  from 
the  surface  is  the  rate-controlling  step  for 
W  deposition  via  the  H2  reduction  of  WF6  .  The 
as-deposited  W  lines  were  2  -  10  um  wide,  0.2 

-  6  urn  thick  with  resistivities  of  11  -  56  ufi-cm, 
depending  upon  the  gas  composition,  the  laser 
power  level,  and  the  laser  scan  speed.  The 

growth  rates  of  W  lines  achieved  were  as  high 
as  2.2  m/s.  The  nucleation  and  growth  of  w 
deposits  have  been  observed  with  a  high  speed 
real-time  optical  monitoring  and  gating  system 
as  a  function  of  the  growth  conditions. 

B2.6 

SELECTIVE  AREA  DEPOSITION  BY  ELECTRON  BEAM 
ASSISTED  DECOMPOSITION  IN  ADSORBED  MOLECU¬ 
LAR  LAYERS.  F.  Bozso,  IBM  Research  Division,  T.  J.  Watson 
Research  Center,  P.O.  Box  218,  Yorktown  Heights,  N.Y.  10598 

Selected  area  deposition  of  thin  films  and  material  structures  is 
possible  with  precise  control  over  the  material  composition  by 
using  low  energy  electron  beams  to  induce  reactions  in  adsorbed 
molecular  layers.  Upon  electron  impact  the 
adsorbed/coadsorbed  molecules  decompose  into  reactive  species 
resulting  in  growth  of  a  surface  film.  The  composition  of  the  film 
reflects  that  of  the  adsorbed  molecular  layer,  which  at  cryogenic 
temperatures  can  very  sensitively  be  controlled  by  the  partial 
pressure  of  the  reactant  gases.  We  present  detailed  studies  of  the 
adsorption,  co-adsorption  and  thermal  and  electron-beam  in¬ 
duced  dissociation  of  disilane,  ammonia,  nitric  oxide,  oxygen  and 
decaborane  on  Si(100)  and  Si(lll)-7x7  surfaces  using  X-ray 
and  UV  photoemission  spectroscopy,  thermal  desorption 
spectroscopy  and  electron  induced  desorption.  At  room  temper¬ 
ature  the  above  gases  adsorb  mainly  dissociatively  whereas  below 
120K  a  layer  of  molecularly  adsorbed  species  can  be  formed  in 
equilibrium  with  thr  gas  phase.  We  show  that  by  proper  choice 
of  temperature,  gas  phase  composition  and  electron  bean;  amor¬ 
phous  silicon,  silicon  nitride,  silicon  oxynitride  and  high  concen¬ 
tration  boron  doped  silicon  films  can  be  grown  with  a  thickness 
control  of  nearly  monolayer  resolution. 
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B2.7 

SELECTIVE  EPITAXY  OF  (AL,GA)AS  AND  (AL,GA)AS  BASED 
STRUCTURES,  T.F.Kuech,  M.Goorsky,  and  R.Potemski, 
IBM  T.J. Watson  Research  Center,  P.O.Box  218, 
Yorktown  Heights,  NY,  10598. 


Selective  Epitaxy  is  difficult  to  achieve  in  the 
conventional  MOVPE  based  growth  of  GaAs  and 
(Al,Ga)As.  Both  the  high  overall  supersaturation 
of  the  growth  ambient  and  the  lack  of  a  suitable 
back  or  etching  reaction  leads  to  the  conformal 
deposition  of  the  growing  material  under  most 
growth  conditions.  We  have  recently  demonstrated 
the  selective  area  deposition  of  GaAs  using  diethyl 
gallium  chloride(DEGACL) .  This  precursor  leads  to 
the  highly  selective  growth  of  GaAs  with  respect  a 
dielectric  masking  material.  The  use  of  diethyl 
aluminum  chloride  (DEALCL)  does  not  however  lead 
to  the  selective  epitaxy  of  AlAs.  The  selective 
growth  of  the  alloy,  (Al,Ga)As,  can  be  achieved 
under  suitable  growth  conditions  using  both  DEGACL 
and  DEALCL.  The  HC1  by-product  from  the  decompos¬ 
ition  of  the  DEGACL  is  thought  to  serve  as  an 
etchant,  removing  AlAs  from  the  surrounding 
dielectric  field  regions.  The  alloy  composition 
of  the  deposited  material  is  a  function  of  the 
growth  conditions.  The  measured  alloy  composition 
will  be  compared  to  that  predicted  from  the 
thermodynamic  considerations.  We  have  used  this 
selective  epitaxy  technique  to  produce  quantum  well 
structures  within  localized  regions  of  a  substrate 
surface. 

B2.8 

PATTERN  INC  OF  CaAs/AlGaAs  WAFERS  UY  FOCUSED 
ELECTRON  - UEAM  INDUCED  CHLORINE  ETCHING  AND 
SUBSEQUENT  MBE  GROWTH.  M.  Tanc.v  a,  Y.  Sun  I  mo  to, 
H.Hldaka,  K. Akita,  Optoelectronics  Technology 
Research  Laboratory,  Tsukuba,  JAPAN 

Focused  electron-beam  ( FEB )- Induced  Cl2  etching 
of  AlxCaj_xAs  (0<x<0.7)  was  done  for  the  purpose 
of  in-situ  patterning  and  subsequent  crystal 
growth  using  a  ultra-high  vacuum  mul t i -chamber 
system . 

An  FEB-lnduced  C  1  2  etching  of  GaAs  with  an 
adsorbate  layer  at  the  surface  was  reported 
earlier.  Achieving  low-dimensional  systems, 

such  as  quantum  wires  and  boxes,  requires  the 
etching  of  layered  structures  consisting  of 
AlGaAs  and  GaAs.  When  GaAs/AlGaAs  wafers  were 
exposed  to  a  10  keV-FEB  and  Cl 2  molecules, 
etching  of  AlGaAs  was  observed  only  In  the  FEB- 
scanned  area.  The  etch  rate  of  AlxGa^.xAs 
(0<x<0.7)  was  about  30  nm/min.  which  is  almost 
the  same  as  that  of  GaAs.  This  Indicates  that 
patterning  of  GaAs/AlGaAs  heterostructures  Is 
possible  using  FEB-lnduced  Cl2  etching. 

The  compatibility  of  the  FEB-lnduced  Cl2  etching 
with  subsequent  MBE  regrowth  was  tested  by 
growing  an  AlGaAs  layer  on  a  GaAs  layer 
previously  patterned  by  FEB-lnduced  Cl2  etching. 
The  surface  of  the  regrown  AlGaAs  layer  showed 
excellent  morphology,  which  demonstrates  that  a 
surface  suitable  for  the  subsequent  MBE  growth 
can  be  obtained  by  FEB-lnduced  Cl2  etching. 
liM.Taneya  et  al .  Jpn . J . Appl . Phys .  28,L429( 1989) . 


B2.9 

EXCIMER  LASER-INDUCED  DEPOSITION  OF  GaN.  A. 
Kobayashi,  T.Asai,  S . Kawai  and  P.J. Chong,  The 
Institute  of  Scientific  and  Industrial  Research, 
Osaka  University,  Ibaraki,  Osaka  567,  Japan. 

GaN  films  were  prepared  by  laser-induced  chemical 
vapour  deposition  (LICVD)  technique  from  Ga(CH3), 
and  NH3.  Pulsed  ArF  excimer  laser  was  used  to 
induce  gas  phase  reactions  and  the  films  were 
grown  on  the  sapphire  (0001)  substrates  at 
temperatures  from  600  'C  to  1  000  *C.  At  high 
temperatures,  GaN  grew  as  islands  and  was 
polycrystalline.  At  low  temperatures,  GaN  was 
deposited  as  a  dense  film  and  was  a  mixture  of 
polycrystals  and  preferredly  oriented  crystals. 
The  films  grown  at  around  800 °C  were  epitaxial 
with  the  ( 0001 ) -oriented  layers.  The  surface 
morphology  of  these  films  was  examined  by  a 
scanning  electron  microscope  and  a  fine  structure 
with  the  uniform  grain  size  of  about  0.6  um  was 
seen. 

GaN  films  by  the  thermal  CVD  were  also  prepared 
under  the  same  growth  conditions  and  compared 
with  the  LICVD  films.  The  results  showed  that 
crystallinity  of  the  LICVD-grown  GaN  films  was 
superior  to  that  of  the  thermally  grown  ones. 
Moreover,  the  growth  rate  of  the  films  was  about 
2.7  times  faster  (at  800  *C)  under  the  laser  gas- 
phase  excitation. 

Under  the  present  conditions,  the  growth  rate  of 
the  films  was  highly  influenced  by  the  deposition 
temperature.  This  indicates  the  growth  rate  is 
mainly  determined  by  the  surface  reaction. 

B2.10 

HOLOGRAPHIC  PATTERNE  ETCHING  OF  SILICON-CARBITE 
BY  EXCIMER  LASERS 

M.Murahara,  Faculty  of  Eng.,  Tokai  Univ.,  1117 
Kitakaname,  Hiratsuka,  Kanagawa  259-12,  JAPAN., 
M.Yonekawa  and  K.Shirakawa,  Graduate  student  of 
Faculty  Eng.,  Tokai  Univ.,  Kanagawa,  JAPAN. 

Silicon-carbite  has  high  refrectivity  in  the 
range  of  soft  X-ray.  But  chemical  etching  of 
SiC  is  difficult.  So  we  have  been  proposing  to 
etch  the  SiC  using  two  different  wavelength 
excimer  lasers  and  gaseous  Cl Fa . 

In  this  parer,  we  wish  to  report  on  fabrication 
of  diffraction  grating  on  SiC  mirror  by  laser 
holographic  method.  The  reflectance  of  this 
crvstaline  SiC  mirror  which  was  polished  with  a 
1  A  accuracy  was  30X  in  249  nm  (KrF)  and  in  193 
nm  (ArF)  as  high  as  50%.  On  the  other  hand, 
the  threshold  fluence  energy  for  etching  was 
800  mJ/cm!  in  249  nm  and  in  193  nm  as  high  as  7 
J/cm1  In  these  result,  KrF  laser  is  more 
effective  than  ArF  laser.  Then  we  applied 
three  laser  beams  having  different  two  wave¬ 
length  to  crystaline  SiC  in  an  atmosphere  of 
CIFj  gas.  The  XeF  laser  beam  was  used  to 
photodissociute  CIFj  gas  in  the  proximity  of 
substrate.  The  divided  two  polarized  KrF  laser 
beams  were  interfered  on  the  substrate,  and  it 
was  used  to  locally  excite  the  substrate. 

Then,  laser  beams  were  irradiated;  Fluence  of 
KrF  laser  beam  was  1  J/cm1  ,  XeF  was  50  mJ/cm!  . 
And  incidential  angle  of  KrF  laser  beams  were 
20'  and  the  grating  gaps  were  7170  A,  etching 
depth  1000  A,  and  etching  rate  were  5  A/pulse. 


B3.1 

LASER  BASED  AREA  SELECTIVE  PROCESSING  FOR  HIGH 
DENSITY  INTERCONNECTS  Y.S.LIU  and  H.S.Cole, 

GE  Research  and  Development  Center,  Schenectady,  N.Y.12345 

The  growing  interest  in  laserprocessing  in  recent  years  has  come 
from  the  increasing  demand  for  an  adaptive  processing  technology 
that  offers  capabilities  of  quick  prototyping,  rapid  design  and 
fabrication  of  relatively  low  volume  application  specific  ICs, 
and  the  need  for  yield  enhancement  and  circuit  restructuring  in 
fabrication  of  increasingly  complex  electronic  devices  and  circu¬ 
itry. 

This  paper  reviews  use  of  lasers  for  area  selective  processing 
for  high  density  interconnect  applications  and  discusses,  speci¬ 
fically,  several  laser  based  techniques  developed  for  patterned 
metallization  using  either  direct  or  indirect  two-step  processes. 
Materials  and  processing  requirements  such  as  process  speed, 
resolution,  sensitivity  and  interface  properties  are  addressed. 

Topics  also  include  use  of  two-step  laser  catalyzed  surface  modi¬ 
fications  for  improving  processing  speed,  metal/polymer  inter¬ 
faces,  and  high-speed  UV  laser  via-drilling  for  multi-level 
interconnects. 

•  This  work  has  been  partially  supported  by  ONR/SDIO  under  the 
contract  number  N00014-85-C-0890. 

B3.2 

LASER  DIRECT  WRITING  OF  OPTICAL 
INTERCONNECTS  IN  POLYIMIDES  AND  SiOpTiOj 
COATINGS.  D.W.  Hewak.  and  H.  Jerominek,  National 
Optics  Institute,  369  rue  Franquet,  P.O.  Box  9970,  Sainte-Foy, 
Quebec,  Canada  GlV  4C5. 

Laser  direct-writing  is  an  emerging  technique  for  the 
fabrication  of  customized  interconnect  networks  for  VSLI 
circuits. 

Fabrication  of  optical  channel  waveguides  in  commercially 
available  polyimides  and  Si02:TiOj  coatings  by  Ar*  laser 
direct-writing  is  reported.  Channels  were  fabricated  on 
thermally  oxidized  Si  wafers.  Based  on  the  transmission  spectra 
of  the  materials  used,  the  mechanism  of  writing  was  identified 
as  thermal  in  origin  and  due  to  VIS  light  absorption.  Post- 
writing  development  removed  the  untreated  material  leaving 
the  desired  channels. 

Channel  waveguides  were  fabricated  with  laser  power  up  to  500 
mW  at  458  nm  and  scanning  speeds  up  to  250  microns  per  sec. 
Adhesion  of  the  channels  to  the  substrate  and  complete 
removal  of  the  untreated  material  were  the  major  difficulties 
overcome  in  the  fabrication  procedure.  Prism  and  butt¬ 
coupling  techniques  were  used  to  study  light  propagation  in  the 
fabricated  structures.  The  propagation  loss  measurements 
revealed  that  attenuation  in  channels  was  of  the  same  order  as 
in  slab  waveguides  made  of  the  same  material,  i.e.  1  -  5  dB/cm 
at  633  nm. 

B3.3 

SELECTIVE  AREA  DEPOSITION  OF  CONDUCTING  PALLADIUM  FILMS 
ON  POLYIMIDE  RESINS.  Y0tffl-Sl  JUa,  S.  Blaly,  R.  Millar, 
J.T.  Spencer,  and  P.A.  Dowben,  Center  for  Molecular 
Electronics,  Departments  of  Physics  and  Chemistry, 
Syracuse  University,  Syracuse,  N.Y.  13244. 

We  have  demonstrated  that  conducting  palladium  films  can 
be  selectively  deposited  on  Kapton  and  Ultem  1000 
(polyetherlmlde).  The  selective  area  deposition  of 
palladium  Is  undertaken  from  the  UV  photolysis  (A  -  337 
nm)  of  allylcyclopentadlenyl  palladium.  The  photolytlc 
deposition  process  does  not  melt  or  damage  the  poly-lmlde 
substrates  and  the  conductivity  of  the  resulting  thicker 


films  (>  S00  A)  Is  comparable  to  that  of  pure  palladium 

(/>  =  2/>Pd)  • 

From  other  studies  [1,2]  we  know  the  process  Is  not 
photopyrolytlc  and  the  films  are  largely  free  of  oxygen 
and  carbon  contamination.  The  adhesion  of  the  palladium 
films  Is  very  good  and  has  been  demonstrated  to  be 
suitable  for  applications  as  an  Interconnect  or  thin  film 
resistor. 

Deposition  of  palladium  from  Pd(C3H5) (C5H5)  is  an 

alternative  to  deposition  from  palladium  acetate  which 
has  also  been  proposed  as  an  organometalllc  source 
compound  for  palladium  deposition  on  polyimides  [3]. 

[1]  G.T.  Stauf,  P.A.  Dowben,  K.-H.  Emrich,  S.  Barfuss, 
W.  Hirschwald  and  N.M.  Boag,  J.  Phys.  Chen.,  93,  749 
(1989). 

[2]  K.-H.  Emrich,  G.T.  Stauf,  W.  Hirschwald,  S. Barfuss, 
P.A.  Dowben,  R.R.  Blrge,  and  N.M.  Boag,  Mat.  Res.  Soc. 
Symp.  Proc.,  131,  401  (1989). 

[3]  Y.S.  Liu  and  H.  Cole,  Mat.  Res.  Soc.  Symp.  Proc.,  in 
Press. 


B3 . 4  ABSTRACT  NOT  AVAILABLE 
B3.5 

.SELECTIVE  CHEMICAL  VAPOR  DEPOSITION  OF  TUNGSTEN  ON 
LASER-WRITTEN  PR  ENUCLEATION  PALLADIUM  PATTERNS 
Oliver  Gottsleben  and  Michael  Stuke,  Max-Planck-Institui  fur 
biophysikalische  Chemie,  P.O.  2841,  D-3400  Gottingen,  F.R.  Germany 


Laser-written  palladium  patterns  on  AI2O3  ceramic  substrates  are  selectively 
amplified  by  tungsten  using  conventional  chemical  vapor  deposition  CVD 
with  tungstenhexafluoride  WFfc  and  hydrogen  Hi.  The  palladium  structures 
are  formed  by  248  nm  UV  excimer  laser  irradiation  of  spin-coated  1000  A 
palladium  acetate  films  in  air  leading  to  a  Pd-prenucleated  substrate  surface. 
Non-exposed  palladium  acetate  film  is  removed  by  a  solvent  and  the 
substrate  transferred  to  a  small  vacuum  chamber  equipped  with  a  heatable 
substrate  holder  and  a  WF5/H2  gas  handling  system.  The  dependence  of  the 
tungsten  growth  on  the  substrate  temperature  and  the  pressure  of  WFg  and 
H2  will  be  given.  The  selective  growth  of  tungsten  is  self-limiting  at  a 
height  of  about  1000  A  depending  on  experimental  conditions.  The  height 
of  the  grown  tungsten  line  increases  with  temperature  and  H2  pressure  and 
seems  to  be  catalysed  by  the  binding  of  hydrogen  to  palladium.  Electron 
microscope  pictures  of  generated  palladium  and  tungsten  patterns  will  be 
shown. 

B3 . 6 

ANOMALOUSLY  DEEP  STRUCTURES  PRODUCED  IN  Ill-V 
MATERIALS  BY  COMBINED  FOCUSED  ION  BEAM 
IMPLANTATION  AND  DRY  ETCHING.  Llovd  R.  Harriott.  Henryk 
Temkin,  and  Yuh-Lin  Wang,  AT&T  Bell  Laboratories,  Murray  Hill, 
New  Jersey. 

We  have  developed  a  direct  patterning  process  for  InP  based  materials 
which  uses  ion  implantation  followed  by  dry  etching  to  produce  surface 
topography.  The  substrate  is  first  implanted  with  a  20  keV  Ga+  beam 
focused  to  0.2  micron  diameter.  The  surface  pattern  then  developed  in 
the  substrate  by  etching  with  a  low  energy  (25  -100  eV)  flood  Ar+  ion 
beam  in  a  CI2  (5xl0'4  Torr)  atmosphere.  This  process  has  been 
integrated  in  a  common  vacuum  chamber  with  a  gas  source  molecular 
beam  epitaxy  (GSMBE)  system.  In-situ  patterning  and  high  quality 
overgrowth  has  been  demonstrated  for  low  Ar*  ion  .  energies  during 
etching. 

Step  heights  as  large  as  6000  A  have  been  produced  with  this 
technique.  The  effect  of  the  20  keV  Ga+  ion  beam  clearly  extends  far 
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beyond  its  calculated  projected  range  of  150  A.  The  etched  depth  of 
the  features  increases  rapidly  for  Ga+  ion  doses  from  10*5  to  10 
ions/cnr.  At  doses  above  2X1014,  the  depth  continues  to  increase  but 
at  a  much  slower  rate.  The  etched  depth  of  the  features  does  not 
depend  strongly  on  Ga+  ion  beam  dose  rate  or  angle  of  incidence 
(channeling).  The  step  heights  depend  most  strongly  on  the  substrate 
temperature  and  Ar+  ion  energy  during  etching.  Our  observations 
seem  to  support  a  model  of  the  etching  process  which  includes  point 
defect  diffusion  to  explain  the  anomalously  deep  effect  of  the  Ga+  ion 
beam.  We  interpret  the  saturation  of  the  etched  depth  at  doses  above 
2xl014  as  indicative  of  the  formation  of  an  amorphous  layer  in  the 
substrate. 


surface  to  the  laser  beam  did  not  change  after  the  ion 
irradiation,  the  etching  rate  suppression  was  considered 
mainly  due  to  the  crystallographic  change  in  a  surface 
layer. 


B3 . 9 

PRECURSORS  TO  PHOTO-ABLATION  OF  SODIUM  TRISILICATE 
GLASS  DUE  TO  UV  EXCIMF.R  IRRADIATION.*  P.  A.  Eschbach,  X. 
T.  Dirbintnn  s.  C.  Langford,  Physics  Department,  Washington  State 
University,  Pullman,  WA  99144,  and  L.  R.  Pederson,  Pacific 
Northwest  Laboratory,  Richland,  WA  99352. 


We  will  present  data  illustrating  the  step  height  dependence  on  ion 
implantation  dose,  dose  rate,  energy,  and  species  as  well  as  etching  ion 
energy,  substrate  temperature  and  Cl?  flow  rate  for  several  substrate 
materials. 

B3.7 

ULTRAHIGH  VACUUM  COMPATIBLE  HALOGEN  ETCHING  PROCESS 
FOR  SEMICONDUCTOR  SURFACES.  Andrew  Freedman  and  Charter 
D.  Stinespring,  Center  for  Chemical  and  Environmental 
Physics,  Aerodyne  Research,  Inc.,  Billerica,  MA  01821 

He  will  report  on  the  development  of  an  ultrahigh 
vacuum-compatible  etching  process  using  a  combination  of 
separate  beams  of  halogen  atoms/molecules  and  rare  gas 
ions.  The  halogen  atom  source  is  based  on  a  microwave 
discharge  design  (J.  Vac.  Sci.  Technol.  Aft,  1944  (1984)) 
and  can  generate  an  effusive  beam  of  fluorine  or  chlorine 
atoms  admixed  in  argon  or  helium  carrier  gas.  Typical 
fluxes  of  1-5  x  1014  cm- ^  t-l  at  a  substrate-source 
aperture  distance  of  7  cm  are  obtained.  We  will  describe 
results  of  quartz  crystal  microbalance  measurements  of 
chlorine  atom/molecule-argon  ion  etching  of  aluminum  and 
gallium  arsenide.  He  will  also  report  on  x-ray  photo¬ 
electron  spectroscopy  experiments  aimed  at  understanding 
the  basic  microchemistry  of  chlorine  interactions  with 
both  substrates. 

This  work  is  supported  by  the  National  Science  Foundation 
under  the  Small  Business  Innovation  Research  Program. 

B3.8 

CONTROL  OF  ETCHING  RATE  IN  LASER-CHEMICAL  REACTION  OF  Mn- 
Zn  FERRITE  BY  MeV  ION  IMPLANTATION.  Y.  F.  Lu.  M.  Takai, 
and  s.  Namba,  Faculty  of  Engineering  Science  and  Research 
Center  for  Extreme  Materials,  Osaka  University,  Toyonaka, 
Osaka  560,  Japan. 

Single  crystal  ferrite  is  an  important  magnetic  material 
which  is  used  for  magnetic  head  devices.  Laser  induced 
etching  of  Mn-Zn  ferrite  in  H^PO^  aqueous  solution  by  Ar+ 
laser  irradiation  was  found  to  result  in  the  etching  rate 
up  to  340  pm/s  whereas  the  width  of  the  etched  groove  is 
an  order  of  100  pm.  The  change  in  the  etching  rate  due  to 
the  ion  irradiation  is  considered  to  be  an  hopeful  method 
to  obtain  ultra-fine  structures  of  ferrite  materials  by 
combining  laser  etching  techniques  with  FIB  (focused  ion 
beam)  techniques. 

The  ferrite  sample  surface  was  implanted  at  3  MeV  with  an 
0+  dose  of  1X101  cm-2.  The  projected  range  of  the  ions 

was  estimated  to  be  1.8  urn  by  a  TRIM  calculation  and  RBS 
measurements.  Ferrite  samples  immersed  in  8515  H3PO4 
solution  was  etched  by  scanning  the  focused  laser  beam 
with  a  diameter  of  13.2  urn  (at  1/e  intensity)  and  a  laser 
power  ranging  from  10  mW  to  70  mW. 

The  laser  Induced  etching  is  suppressed  by  the  ion 
implantation.  The  etching  rate  in  ion  irradiated  area 
decreased  to  less  than  50  l  of  that  in  an  unimplanted 
area.  The  etching  rate  is  mainly  suppressed  at  the 
surface  layer  thinner  than  the  projected  range,  and  the 
suppression  decreased  and  vanished  when  the  laser  power 
was  increased.  Since  the  reflectivity  of  the  sample 


In  previous  work  we  examined  the  changes  in  Ihe  surface  topography 
of  sodium  trisilicate  glass  (Na20  *3SiC>2)  with  exposure  to  pulsed  248 
nm  (5eV/photon)  excimer  laser  light  at  fiuences  or  2.4-5  J/cm2,  as 
well  as  the  character  of  the  products  emitted  from  the  glass  surface 
(e.g.,  +/-  ions,  electrons,  ground  state  and  excited  neutral  atoms  and 
molecules).  At  these  fiuences,  ablation  readily  occurs,  accompanied 
by  both  photothermal  and  photochemical  processes.  In  the  current 
study,  we  examine  the  precursors  of  this  high  fluence  behavior  at 
fiuences  <  2.4  J/cm2.  The  major  products  observed  are  photoelectrons 
and  Na*.  The  Na*  time-of-ftight  (TOF)  position  and  shape  is 
essentially  constant  over  this  fluence  range  (0.05-2.4  J/cm2)  during 
the  initial  irradiation  of  both  polished  and  fracture  surfaces.  This 
response  is  consistent  with  a  photochemical  (electronic)  emission 
mechanism.  As  irradiation  proceeds,  the  ion  intensity  gradually  drops 
to  very  low  levels,  attributed  to  the  depletion  of  Na  in  the  surface 
region.  At  higher  fiuences  (>  2.4  J/cm2)  and  additional  bombardment, 
the  Na*  emission  eventually  regains  and  surpasses  its  initial 
intensity.  The  restored  ion  emission  is  accompanied  by  a  visible 
plume  due  to  Na  D-line  emission,  the  appearance  of  neutral  Na 
Rydbergs,  and  the  onset  of  surface  etching.  The  number  of  laser 
pulses  required  to  pass  through  the  transition  phase  depends  strongly 
on  laser  fluence.  The  role  of  photo-induced  emission  of  electrons  and 
Na*  in  the  eventual  onset  of  ablation  will  be  discussed.  Correlations 
of  these  studies  with  XPS  and  IR  spectroscopy  of  the  sodium 
trisilicate  substrates  will  also  be  presented. 

*Work  supported  by  the  National  Science  Foundation  under  Grant 
DMR  8401281,  the  Office  of  Naval  Research  under  Contract  N00014. 
87-K-05I4,  the  Washington  Technology  Center,  and  NORCUS. 

B3.10 

X-RAY  PHOTOEMISSION  INVESTIGATION  OF  EXCIMER  LASER-INDUCED 
ETCHING  OF  InP.  R  Matz.  J  Meiler.  Research  Laboratories  of  Siemens  AG, 
Otto-Hahn-Ring  6.  D-8000  Munchen  83,  F.R.G.;  and  D  Haarer,  Universitat 
Bayreuth,  Lehrstuhl  t.  Expenmentalphysik  IV,  Post!  101251,  D-8580  Bayreuth. 
F.R.G. 

X-ray  photoemission  spectroscopy  was  used  to  reveal  the  reaction  steps  during 
laser-induced  etching  ot  (100)-lnP  in  HBr  and  HCI  gas  atmosphere  (0.1  -1  mbar)  by 
exposure  to  ArF  excimer  laser  light  ot  193nm  wavelength.  Under  direct  exposure 
ot  the  semiconductor  surface,  as  employed  tor  pattern  transfer  etching, 
pronounced  etching  occurs  only  above  a  laser  threshold  fluence  which  coincides 
with  the  energy  density  for  transient  surface  melting  P  depletion  and  formation 
ot  metallic  In  within  the  top  surface  layers  are  identified  as  first  steps 
towards  this  efficient  etching.  The  amount  of  in  formed  at  vanous  fiuences  is 
well  correlated  with  the  dependence  ot  etch  rate  on  laser  tluence.  in  a  second 
step,  (he  halogen  atoms  generated  by  the  laser  pulse  in  the  gas  diffuse  to  the 
reaction  sites  on  the  surface  to  form  InBr.  or  InCL.  respectively.  The 
thickness  of  the  reacted  layer  per  laser  pulse  Is  on  the  monolayer  scale  The 
layer  is  desorbed  by  either  a  sufficient  background  substrate  temperature  above 
130°C  or  by  the  next  laser  pulse.  When  etching  with  a  contact  resist  mask, 
exposure  of  the  gas  alone  but  not  the  surface  is  advantageous  lor  resist 
protection.  The  halogen  atoms  then  read  with  a  stoichiometric  InP  surface.  Also 
in  this  case,  no  readion  produds  with  P  are  found  which  is  probably  due  to  the 
high  vapour  pressure  ot  its  halogenides.  With  the  substrate  at  room  temperature, 
however,  an  In  halogenide  layer  grows  under  diffusion  control  up  to  a  saturation 
thickness  ot  about  20  monolayers.  Growth  ot  this  layer  can  be  avoided  or  Its 
removal  can  be  caused  again  by  raising  the  substrate  temperature  above  130°C. 
where  the  halogenide  vapour  pressure  exceeds  the  etch  gas  pressure.  The 
temperature  is  well  compatible  with  most  photoresist  processes. 

in  agreement  with  experiments,  the  results  suggest  that  above  the  desorption 
temperature  ot  the  halogenides.  the  spatial  resolution  ot  the  whole  process  is 
largely  determined  by  lateral  gas  phase  diffusion  ot  the  halogen  atoms.  Below 
'his  temperature,  however,  the  In  halogenide  can  be  used  to  passivate  unexposed 
surface  areas  so  that  the  spatial  resolution  is  improved. 
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B3.ll 

SELECTIVE  ETCHING  AND  PHOTO-BLEACHING  IN  THIN 
AMORPHOUS  G«-Sb-S  FILMS.  Evdokia  B.  Savova  and 
Bovill  I.  Pashmakoff.  Institute  of  Solid  state 
Physics,  1784  Sofia,  72  Lenin  blvd.,  Bulgaria 

A  mechanism  is  proposed  for  the  selective  etching 
effects  in  thin  amorphous  Ge-Sb-S  films  based  on  the 
combined  action  of  photostructural  changes  and 
alkaline  solvent  with  a  surface  active  substance. 
Evidence  is  given  in  support  of  the  assertion  that 
the  same  photostructural  changes  (namely,  the  break¬ 
ing  of  Ge-Sb  bonds  under  the  action  of  UV  light)  are 
responsible  for  the  irreversible  photo-bleaching  of 
these  layers. 

Five  different  compositions  in  the  system  Ge-Sb-S 
have  been  studied  under  different  preparation  condi¬ 
tions  (thermal  evaporation  and  laser-beam  sputtering) 
Photostructural  changes  were  induced  by  UV  light  and 
Nd-glass  laser  treatment.  Infrared  and  Raman  spectra 
of  the  layers  are  presented  in  support  of  the  propos¬ 
ed  model . 

B3.12 

ULTRAFAST  IMAGING  OF  ULTRAVIOLET  LASER 
ABLATION  AND  ETCHING  OF  POLYMETHYL 
METHACRYLATE.  Botlil  Braren.  R.  Srinivasan,  Kelly  G. 
Casey,  and  Mildred  Yeh.  IBM,  T.  J.  Watson  Research  Center 
Yorktown  Heights.  NY  10598 

Ablation  anJ  etching  of  the  surface  of  polymethyl  methacrylate 
(  =  PMMA)  by  pulses  of  248  nm  laser  radiation  ~20  ns  full  width 
at  half  maximum  (FWHM)  have  been  probed  by  pulses  of  visible 
laser  radiation  (596  nm;  <500  ps  FWHM).  The  results  were  re¬ 
corded  photographically  in  real  time  with  a  set  time  delay  be¬ 
tween  the  248  nm  ablation  pulse  and  the  596  nm  probe  pulse. 

Modification  of  the  surface  structure  of  the  polymer  at  a  fluence 
~  3  I/cm:  is  first  visible  at  12  ns  and  appears  to  be  complete  in 
~  60  ns.  The  first  manifestation  of  the  ablation  does  not  occur 
until  the  UV  pulse  is  over  and  consists  of  a  nearly  transparent 
shock -wave  that  has  an  initial  velocity  of  6  x  104  cm/sec.  Solid 
material  from  the  ablated  zone  begins  to  leave  the  surface  at  * 
150  -  200  ns  and  reaches  a  maximum  in  intensity  at  6  ps,  con¬ 
tinuing  for  ~  20  ps.  The  average  velocity  of  the  solid  material, 
which  is  probably  a  low  molecular  weight  polymer  of  PMMA,  is 
1.5  x  104  cm/sec. 

The  conclusion  to  be  drawn  from  the  present  work  is  that  the 
signal  measured  by  photoacoustic  detectors  does  not  coincide 
with  the  bulk  of  the  material  leaving  the  surface. 

B4.1 

SI  II  (  I  I VI  Sll  It  ON  I  PI  I  A\y  |  OR  M)V  \N(  I  I)  DR  \M 
S  I  RUG  I  URLS.  G;ii  \  Hn.nnoi.  IBM  Rc\o:m  It  DiGsinn. 
'i  iiikin"  n  Heights.  NT  . 

In  silicon  mieioclcchonics.  memoir  cells  ami  chips  aic  used  in 
develop  l he  most  advanced  technology.  In  the  Inline  these  chips 
will  pcquiic  Hilly  tliiec  dimensional  si  inclines  to  achieve  the 
needed  density.  I  his  talk  dcsciilics  the  use  of  selective  silicon 
epitaxy  to  build  three  dimensional  DRAM  cells. 

Selective  silicon  epitaxy  is  grown  al  reduced  pressure  and 
temperature  (4()Tori  and  900'C)  in  a  SiCI*  '  ll2  ambient.  SiCl4 
reacts  with  a  silicon  substrate  to  grow  epitaxial  silicon  with  MCI 
as  a  by-product.  I  he  HO  inhibits  deposition  of  silicon  on 
insulators  leading  to  selective  growth.  Lateral  growth  of  silicon 
epitaxy  is  achiever!  when  the  insulators  arc  flush  with  the  silicon 


surface.  The  lateral  growth  rale  and  material  quality  of  this 
overgrowth  arc  strongly  affected  by  the  orientation  of  the 
silicon/insulntor  edge.  Best  material  quality  is  achieved  when 
(100)  planes  arc  allowed  to  grow  laterally.  Results  arc  presented 
showing  that  silicon  can  he  grown  laterally  with  no  defects.  De¬ 
fect  etching.  TEM.  and  electrical  measurements  are  used  char¬ 
acterize  the  material. 

The  overgrown  silicon  material  has  been  applied  to  the  fabri¬ 
cation  of  a  three  dimensional  DRAM  cell.  The  cell  consists  of  a 
trench  capacitor  which  is  overgrown  with  silicon  selective 
epitaxy.  A  transistor  and  isolation  arc  then  built  above  the 
ticnch  capacitor  resulting  in  a  cell  that  occupies  the  same  area 
as  the  transistor  alone.  Fully  functional  memory  cells  have  been 
built.  The  results  show  that  selective  silicon  epitaxy  is  a  realistic 
candidate  for  building  three  dimensional  silicon  devices. 

B4.2 

SURFACE  REACTION  MECHANISMS  IN  SELECTED  AREA 
EPITAXY  OF  1I-VIV  S  .1  C  Irvine.  H  Hill,  J  E  Hails, 

S  J  Barnett  and  J  B  Muhin.  Royal  Signals  and  Radar  Establishment, 
Malvern,  Worcestershire  UK 

Ultraviolet  radiation  can  be  used  to  enhance  the  growth  rate  of 
II— VI  compounds  such  as  CdTe  and  HgTe  at  temperatures  below  the 
precursor  pyrolysis  thresholds.  The  enhancement  of  growth  rate  is 
primarily  a  vapour  absorption -decomposition  reaction  but  the 
measured  growth  rates  are  approximately  one  tenth  of  those  expected 
for  diffusion  limited  growth.  In  the  case  of  CdTe.  the  projection  of 
a  pattern  by  UV  radiation  onto  a  substrate  can  cause  considerable 
enhancement  in  growth  rate,  leaving  a  well  defined  topographic 
pattern.  This  process  relies  on  absorption  of  UV  radiation,  (a)  in 
the  vapour  for  photo-dissociation,  and  (b)  on  the  substrate  to 
overcome  surface  kinetics.  Recent  results  will  be  presented  for  CdTe 
photo-epitaxy  on  (a)  the  effect  of  reduction  in  tout  irradiance  in 
the  vapour  due  to  masking,  (b)  the  effect  of  UV  intensity  on  the 
surface  and  (c)  surface  absorption  of  visible  radiation. 

The  extension  of  surface  reaction  mechanisms  to  other  II-VTs  will 
be  discussed.  Where  the  compound  is  weakly  bonded,  as  is  the  case 
for  Hg  compounds,  the  surface  kinetic  suppression  of  growth  rate  is 
more  severe.  The  potential  for  selected  area  epitaxy  of  HgTe  should 
be  more  promising,  but  effects  such  as  charge  transfer  assisted 
desorption  of  hydrocarbons  may  be  more  difficult  to  modulate 
optically  due  to  the  much  higher  intrinsic  carrier  concentration  in 
this  semimetaliic  compound.  The  potential  for  selected  area  epitaxial 
growth  of  11-Vl‘s  for  in-situ  processing  of  new  opto-electronic 
device  structures  will  be  considered  in  the  light  of  recent  results. 

B4.3 

Novel  Stacked  CMOS  Process  by  Local  Overgrowth.  Rend  P 
7.inc.2.  B.  HoffUnger,  Institute  for  Microelectronics,  D-7000  Stuttgart  80, 
FRG;  and  G.  W.  Neudeck,  Purdue  University,  W.  Lafayette,  IN  47907, 
USA. 

A  new  CMOS  process  has  been  developed  to  produce  complementary 
devices  on  top  of  each  other.  The  second  silicon  layer  is  grown  by 
chemical  vapor  deposition  (CVD)  silicon  epitaxy,  where  the  growth  is 
seeded  with  windows  in  a  oxide  film  on  a  preprocessed  wafer.  The  epitaxy 
progresses  both  vertically  and  laterally  from  the  seed  window,  forming  a 
crystalline  film  on  this  oxide.  This  growth  is  only  seeded  where  devices 
will  be  built,  to  enable  contact  holes  to  devices  realized  in  the  substrate.  A 
process  with  self-aligned  source/drain  and  stacked  gates,  as  well  as  one 
with  a  joint-gate  between  both  channel  types  in  the  two  device  layers  were 
realized.  We  observed  no  deterioration  of  bulk  device  characteristics 
associated  with  the  fabrication  steps  necessary  for  the  second  active  layer. 
The  silicon-on-insulator  (SOI)  devices  in  the  top  layer  exhibited  mobilities 
comparable  to  transistors  built  in  bulk  material.  Contrary  to  zone-melt 
recry stallizabon  (ZMR)  material,  device  parameters  were  very  reproducible 
across  the  wafer  and  from  lot  to  lot  due  to  the  defect-free  crystalline 
material.  SOI  films  with  impurity  levels  of  S.STO^/cmS  were  produced 
by  local  silicon  epitaxial  overgrowth  with  trichlorosilane  as  source  gas  for 
selective  epitaxy  at  833-900°C.  Trichlorosilane  allows  selective  epitaxy 
without  the  addition  of  HQ  gas,  therefore  lowering  the  impurity  level  of 
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the  silicon  considerably.  The  lateral  epitaxy,  which  was  restricted  to  device 
sites,  was  thinned  to  0.7|um  thickness  by  chemo-mechanical  polishing. 

Surface  channel  mobilities  of  NMOS  devices  built  in  the  bulk  material 
were  700cm2/V s  and  165cm^/Vs  for  p-channel  transistors  in  the  SOI  film, 
both  for  devices  with  top  and  submerged  gates.  Subthreshold  slope  was 
about  lOOmV/dec  for  either  channel  type,  threshold  voltages  were  0.5V 
and  -1.5V,  respectively,  and  leakage  currents  were  well  below  IpA  for 
100pm  channel  width  de vices  in  either  layer. 

B4.4 

LASER  ASSISTED  MOLECULAR  BEAM  EPITAXY  (LAMBE)  gaas  on 
SILICON  PHOTODETECTORS,  A.  Chnslnn  N.A.  Papanicolaou,  and  G.W. 
Anderson.  Naval  Research  Laboratory.  Washington,  DC,  20375,  and  A. 
Georgakilas.  P.  Panayotatos.  Foundation  for  Research  and  Technology-HELLAS 
(F.O.R.T.H.)  BI-V  Microelectronics  Group,  Crete,  Greece 

The  monolithic  integration  of  GaAs  photonic  devices  and  silicon  electronic  devices 
and  circuits  offers  the  potential  of  combining  the  superior  speed  and  optoelectronic 
capabilities  of  GaAs  based  circuits  with  the  sophistication  of  silicon  VLSI 
technology.  The  first  step  toward  the  realization  of  this  goal  is  the  development 
of  high  performance  optoelectronic  devices  such  as  photodetectors  and  lasers  on 
GaAs  material  grown  epitaxially  on  silicon  substrates. 

In  this  study  various  photodetector  structures  have  been  fabricated  on  LAMBE 
GaAs  epitaxially  grown  on  high  resistivity  silicon  substrates.  In  realizing  GaAs 
epitaxial  layers  grown  on  silicon  by  molecular  beam  epitaxy,  it  was  necessary  to 
initially  optimize  a  GaAs  nucleation  layer  deposited  at  300°C  followed  by  a  strain 
accommodation  layer  grown  at  620°C.  An  excimer  laser  at  248  nm  and  120 
mj/cm2  was  used  to  assist  in  the  growth  of  the  nucleation  and  accommodation 
layers.  A  300  A  GaAs  nucleation  layer  was  initially  grown  followed  by  a  five 
penod  AlAs/CaAs  multi-quantum  well  region,  each  100  A  thick,  for  a  total 
thickness  of  1000  A;  finally  a  2  pm  undoped  active  layer  followed  by  a  2000  A 
duck  n  layer  and  a  500  A  thick  n+  contact  layer  completed  the  structure. 

The  types  of  photodetectors  investigated  included  linear  photoconduclors  and  three 
types  of  interdigitaled  finger  devices:  Metal-semiconductor-metal  (MSM); 
Schouky  diodes  having  one  set  of  Scbottky  metal  fingers  and  one  set  of  ohmic 
fingers  (S-O  detectors):  and  photodetectors  consisting  of  two  sets  of  ohmic  fingers 
(0-0  detectors).  The  evaluation  of  the  photodetectors  was  made  using  840  nm 
wavelength  pulsed  light  with  a  pulse  width  of  5  ns  and  rise  (t,)  and  fall  (tf)  times 
of  200  ps.  The  q  and  tf  of  both  the  linear  and  interdigitaled  devices  fabricated  in 
the  undoped  GuAs  layer  were  in  the  1-2  ns  and  3-6  ns  ranges,  respectively.  These 
resulu  were  comparable  to  those  obtained  for  photoconductors  fabricated  on  GaAs 
MBE  layers  grown  on  GaAs  or  made  directly  on  semi-insulating  substrate  material 
using  similar  measurement  techniques.  The  responsivity  and  quantum  efficiency 
values  of  the  photoconduclors  were  in  the  ranges  0.6-0.9  A/W  and  0.9-1.4, 
respectively. 

B4.5 

LASER  SELECTIVE  AREA  EPITAXY  FOR  THE  INTEGRATION 
OF  OPTOELECTRONIC  STRUCTURES.  H.  Liu.  J.C.  Roberts,  J. 
Ramdani  and  S.M.  Bedair  Electrical  and  Computer  Engineering 
Department,  N.C.  State  University,  Raleigh,  North  Carolina 

We  report  for  the  first  time  the  selective  epitaxy  of  device  quality 
films  using  laser  enhanced  chemical  vapor  deposition.  Selective  and 
independent  deposition  of  quantum  wells,  planar  doped  and  p-i-n 
structures  will  be  reported. 

Sources  used  are  TMG,  AsH«,  PH3,  DMZn  and  SeH2  for  the  growth 
of  GaAs  and  GaAsP  doped  with  Zn  or  Se.  When  the  GaAa  substrate 
is  kept  at  a  temperature  less  than  400<>C,  epitaxial  growth  takes 
place  only  on  the  area  exposed  to  the  Ar+  laser  beam.  Srot  sizes  in 
the  range  of  250  -  1000  pm  were  achieved  and  films  were  character¬ 
ized  by  photoluminescence.  Hall  and  C-V  techniques. 

GaAsP-GaAs-GaAsP  single  quantum  wells  with  different  well 
widths,  thus  emitting  at  different  wavelengths,  were  selectively  depo¬ 
sited  on  a  GaAs  substrate.  Also,  planar  doped  structures  consisting 
of  a  planar  sheet  of  Se  atoms  embedded  between  two  undoped  GaAa 
films  were  selectively  deposited.  Planar  doping  waa  achieved  by 
simultaneous  exposure  to  AsHj  and  SeHj  during  the  LCVD  process 
and  a  sheet  carrier  concentration  in  the  10is-1013/cml  range  waa 
obtained.  Doping  characteristics,  especially  for  p-type  dopants,  were 


found  to  be  different  from  those  obtained  by  MOCVD.  This  is  attri¬ 
buted  to  different  growth  temperatures  and  the  added  photochemical 
enhancement  inherent  in  the  LCVD  technique.  We  will  report  the 
processes  involved  in  dopant  incorporation. 

Work  is  supported  by  SDIO  and  NSF 

B4.6 

LASER  INDUCED  SURFACE  CHEMICAL  EPITAXY.  Charter  D. 
St.inescrine  and  Andrew  Freedman,  Center  for  Chemical  and 
Environmental  Physics,  Aerodyne  Research,  Inc., 
Billerica,  HA  01821 

This  paper  describes  ongoing  experimental  studies  (Chem. 
Phys.  Lett.  142,  584  (1988);  Appl.  Phys.  Lett.  i2,  1959 
(1988))  of  the  thermal  and  UV  photon-induced  reactions 
of  dimethyl  cadmium  (DHCd)  and  dimethyl  tellurium  (DMTe) 
on  GaAs  surfaces.  The  objectives  of  these  studies  are 
to  provide  an  understanding  of  the  underlying  chemical 
mechanisms  and  to  explore  novel  approaches  to  CdTe 
heteroepitaxy.  The  work  focuses  on  CdTe  heteroepitaxy 
because  of  the  importance  of  this  material  in  electro- 
optical  systems.  DHCd  and  DMTe  were  selected  for 
investigation  as  precursor  species  because  of  their 
inherent  scientific  interest.  The  gas  phase  photo¬ 
chemistry  of  DHCd  and  DMTe  has  been  extensively  investi¬ 
gated;  these  molecules  are  known  to  undergo  single 
rather  than  multi  photon  dissociation  to  produce  ground 
state  metal  atoms.  The  basic  questions  we  attempt  to 
answer  In  this  study  are:  i)  How  do  DHCd  and  DMTe  inter¬ 
act  with  the  surface  of  a  substrate  or  growing  thin  film? 
and  ii)  Is  this  interaction  such  that  single  photon  (as 
opposed  to  multiphoton)  processes  can  be  used  to  produce 
metal  adspecies  and,  ultimately,  epitaxial  CdTe  thin 
films?  Analysis  of  photodecomposition  efficiency  and 
product  species  distributions  show  widely  different 
results  for  single  and  multiple  adlayers.  These  results 
provide  key  insights  into  the  underlying  mechanisms  of 
the  photon-adspecies-substrate  interaction. 

This  work  is  supported  by  the  Air  Force  Office  of 
Scientific  Research. 

B4.7 

LASER  PROCESSED  SIL1CIDES  FOR  GAAS  HEMTS,  W.T. 
Anderson.  A.  Chrisiou,  Naval  Research  Laboratory,  Washington, 

D.C.;  and  C.  Michelakis,  G.  Kiriakidis,  Research  Center  of  Crete, 
Heraklion,  Crete,  Greece. 

Laser  annealed  refractory  metal  gates  have  been  developed  for  GaAs 
and  high  electron  mobility  transistors  (HEMT)  fabricated  on  MBE 
layers  grown  on  laser  desorbed  substrates.  Amorphous(a-)  refractory 
metal  siiicide  films  were  sputter  deposited  by  a  method  in  which  the 
RF  power  to  separate  refractory  metal  and  silicon  targets  were  set  at 
predetermined  deposition  rates  and  the  substrates  were  rotated  with 
respect  to  the  sputter  targets  receiving  a  0.2  to  0.5  nm  film  on  each 
pass.  This  method  has  the  following  advantages  over  sputter 
deposition  from  a  single  target:  (1)  overall  average  composition  can  be 
better  controlled  by  varying  the  power,  and  thus  film  thickness  on 
each  pass,  to  the  separate  targets,  (2)  amorphous  films,  which  are 
desirable  as  diffusion  barriers,  are  always  obtained  because  a-Si  is 
deposited  on  each  pass  of  the  Si  target,  and  (3)  because  the  substrate 
spends  only  a  small  time  near  the  sputter  target  as  it  rotates,  the 
surface  temperature  remains  lower  than  if  a  single  sputter  target  were 
used  and  photoresist  can  be  employed  to  lift  1.0  nm  long  gates. 

The  a-  siiicide  gates  were  laser  annealed  to  reduce  the  gate  resistance 
using  a  308  nm  excimer  laser.  Laser  annealing  has  the  advantage 
over  rapid  thermal  anneal  or  oven  anneal  in  that  it  is  not  necessary  to 
heat  the  entire  wafer  and  individual  structures  can  be  selectively 
annealed  Annealing  is  accomplished  by  adjusting  the  energy  density 
to  penetrate  only  pan  way  into  the  film,  ideally  resulting  in  a  phase 
change  to  polycrystalline  material  of  lower  resistivity,  leaving  the 
bottom  pan  of  the  film  as  a  well  behaved  amorphous  diffusion 
barrier.  In  the  case  of  films  <  40  nm,  the  heat  pulse  reaches  the  a- 
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silicide/GaAs  interface  and  Ohmic  contact  is  formed  by  interdiffusion, 
as  revealed  by  Rutherford  Backscattering.  HEMTs  fabricated  by 
these  methods  exhibited  reduced  light  sensitivity  compared  to 
conventionally  fabricated  HEMTs. 

B4.8 

MASKLESS  FORMATION  OF  TUNGSTEN  FILM  BY  ION  BEAM  INDUCED 
DEPOSITION  TECHNIQUE.  Zheng  Xu,  Kenii  Gamo  and  Susumu 
Namba,  Faculty  of  Engineering  Science,  Osaka  University. 
Toyonaka,  Osaka  560,  Japan. 

The  tungsten  deposition  using  WF*  is  one  of  the  promising 
ways  for  Schottky  gate  metallization  in  MESFET  and 
heterostructure  FET  devices.  Ion  beam  assisted  deposition 
of  tungsten  using  finely  focused  ion  beams  is  particularly 
interesting  because  it  provide  a  maskless  metallization 
technique  with  submicrometer  resolution. 

In  this  study,  tungsten  film  was  deposited  on  n-type  GaAs 
substrate  by  irradiating  Ar+,  H0+  beams  in  the  WFg  ambient. 
The  low  energy  (500-2000  eV)  was  used  to  reduce  the  damage 
in  the  substrate.  The  damage  in  the  substrate  and  annealing 
properties  were  examined  by  Schottky  barrier 
characteristics,  DLTS  and  C-V  method,  and  the  quality  of 
deposited  film  was  measured  by  XPS,  RHEED  and  four  probe 
point  method. 

W  film  witb  purity  better  than  90  Z  and  resistivity  of 
about  10-:>  ohm. cm  was  obtained.  Schottky  barrier  was 
formed  by  IBID  for  a  SO'1  eV  H2+  beam  irradiation  without 
an  •  annealing,  while  aim  ohmic  contact  was  formed  tor  2 
keV  beam  irradiation.  1..  case  of  Ar+  beam  irradiation, 
almost  ohmic  contact  was  formed  for  both  500  eV  and  2  keV 
beam,  due  to  the  heavier  damage  in  the  substrate.  After 
annealing  at  350°C  for  10  min,  most  of  the  damage  was 
annealed  out  for  both  500  eV  and  2  keV  H2  +  and  Ar+ 
irradiation,  and  all  the  contacts  show  Schottky 
characteristics.  The  n-factor  ranges  from  1.01  (  500  eV  Ar* 

)  to  1.61  (  2keV  H2+  ).  The  barrier  height  was  0.67—0.88 
eV  for  H2+  irradiation. 

B4 .9 

NANOLCTHOGRAPHY  BY  STM  ON  Rb0  3MoO,,  A  CONDUCTING 
OXIDE.  G.  Rudd,  D.  Novak,  S.  Wang,  S.H.  Garofalini 
and  E-  Garfunkel.  Departments  of  Chemistry  and 
Physics,  Laboratory  for  Surface  Modification,  and 
Center  for  Ceramics  Research,  Rutgers  University, 
Piscataway,  NJ  08855. 

We  present  results  demonstrating  the  use  of  a 
scanning  tunneling  microscope  (STM)  to  image  and 
modify  the  surface  of  a  conducting  oxide 
(Rb0  jMoOj)  .  We  shew  that  individual  octahedral  MoOt 
units  of  the  jxide  can  be  ima  ,ed  Under  certain 
conditions  controlled  defect;.'  can  be  etched 
(written)  on  the  surface  which  are  stable  in  air. 
Features  such  as  lines,  holes,  and  squares  as  small 
as  1  nm  deep  and  7  nm  across  are  observed.  We  also 
consider  possible  STM  based  mechanisms  of  writing 
on  oxides  such  as  abrasive  etching,  heating,  and 
hot  electron  processes.  Potential  applications  in 
nanolithography  for  memory  storage  and  electronic 
devices  which  display  various  quantum  size  behavior 
are  discussed. 

B4 . 10 

COMBINING  ELECTRON  AND  ION  BEAM  TECHNIQUES  FOR  THE 
PRODUCTION  OF  BURIED  SINGLE-CRYSTAL  METALLIC 
WIRES.  S  D  Berner  Julita  E.  Woromecka,  H.A.  Huggins, 
Alice  E.  White,  K.T.  Short  and  D.  Loretto.  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ. 

We  have  fabricated  single-crystal  metallic  wires  of 
C0S12  buried  beneath  the  surface  of  a  Si  wafer  with 
widths  down  to  ~  1 00  nm  The  wires  are  formed  by  a 


novel  technique  which  uses  a  combination  of  electron- 
beam  lithography,  reactive-ion  etching  and  Co  ion 
implantation. 

Two  different  approaches  have  been  taken.  In  one  case 
the  Co  is  selectively  implanted  by  use  of  a  mask. 
Structures  produced  in  this  way  exhibit  near  perfect 
silicide/silicon  interfaces  which  have  not  been 
subjected  to  any  etching!  In  the  second  case  the  wires 
are  defined  by  patterning  a  continuous  silicide  sheet. 
Here  the  structural  quality  of  the  edges  of  the  wires  is 
degraded  by  the  reactive-ion  etching. 

A  comparison  of  the  transport  properties  of  these  wires 
both  as  a  function  of  a  size  and  also  of  method  of 
construction  will  be  discussed. 

B4 . 11 
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B4 . 12 

LASER  ABLATION  AND  PLASMA  HYBRID  TECHNIQUE  FOR 
DEPOSITING  MULTILAYERED  STRUCTURES.  J  Knshnaswamy, 
S.  Sharan  and  J.  Narayan,  Dept,  of  Materials  Science  and 
Engineering,  North  Caro'ina  State  University,  Raleigh  ,  NC  27695- 
7916;  and  O.  W.  Holland.  Solid  State  Division,  Oak  Ridge  National 
Laboratory,  Oak  Ridge.  TN  37531-6118 

We  have  recently  reported1  a  laser  ablation  and  plasma 
hybrid  technique  of  depositing  hydrogen-free  diamondlike,  hard 
carbon  films  on  room  temperature  substrates.  The  new  technique 
enhances  the  non-equilibrium  processes  during  laser  ablation 
and  further  helps  in  depositing  films  with  improved  properties.  !n 
this  paper  we  report  on  the  deposition  of  a  multilayered 
tungsten/carbon  film.  A  20  nsec  (FWHM),  308  nm  XeCI  laser  beam 
is  sequentially  focussed  on  closely  placed  tungsten  and  carbon 
targets  to  deposit  a  -  500A  thick  film  with  W/C  multilayers.  The 
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ablation  circuit  was  configured  in  the  laser  ablation  and  plasma  with  previously  published  experimental  results.  A  factor  of 

hybrid  mode  to  form  the  film,  since  the  laser  energy  alone  was  not  f°ur  enhancement  in  etch  rate  is  shown  with  a  aid  of  a 

sufficient  to  ablate  tungsten.  The  films  were  characterized  by  RBS  ma?net>c  field. 

and  transmission  electron  microscopy  techniques.  1.  D.  C.  Hison  et  al.  Semiconductor  International,  Vol  103 

p.10, 1983. 

1.  J.  Krishnaswamy,  A.  Rengan,  J.  Narayan,  K.  Vedam  and  C.  J. 

McHargue,  Appl.  Phys.  Lett.,  51.  2455  (1989).  B5. 3 
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A  NEW  MODEL  OF  POLYMER  PHOTOABLATION  KINETICS. 
Sylvain  Lazare  and  Vincent  Granier,  Laboratoire 
de  Photophysique  et  Photochimie  Moleculaire,  UA 
CNRS  348,  University  de  Bordeaux  I,  351  Cours 
de  la  Liberation,  F-33405  Talence,  France. 

The  amount  of  polymer  ablated  per  pulse  of  the 
excimer  laser  radiation  (193,  248  and  351  nm) , 
was  precisely  measured  over  a  large  range  of 
fluence,  with  the  quartz  crystal  microbalance 
technique.  These  etch  curves  are  analyzed  with 
our  new  model  of  the  Moving  Interface,  which 
provides  B,  screening  coefficient  and  k, 
ablation  rate  constant  (true  ablation  rate). 
This  model  allows  for  the  first  time  the 
evaluation  of  the  attenuation  of  the  laser 
beam,  due  to  the  absorption  of  the  radiation  by 
the  ablation  products.  Each  couple  of  polymer 
and  wavelength  is  characterized  by  a  unique 
couple  of  B  and  k.  Both  B  and  k  increase  by 
shortening  the  wavelength.  The  influence  of 
some  polymer  structural  parameters  is 
evidenced.  At  very  high  fluence,  the  appearence 
of  a  new  etching  mechanism  (probably  plasma)  is 
revealed  by  the  sudden  acceleration  of  etch 
rate. 

The  model  predicts  that  for  high  B  polymers, 
products  should  strongly  depend  on  fluence  and 
wavelength.  This  is  supported  by  the  study  of 
ablation  products  deposition.  Spatial 
distribution,  rate  and  yield  vary  with  the  mean 
size  of  the  ablation  products,  since  only  large 
molecular  fragments  can  deposit. 

B5.2 

A  PROCESS  MODEL  FOR  REACTIVE  ION  ETCHING 
AND  STUDY  OF  THE  EFFECTS  OF  MAGNETRON 
ENHANCEMENT,  M.  Meyvappan.  Scientific  Research 
Associates,  Inc.,  P.  O.  Box  1058;  Glastonbury,  CT  06033. 

Reactive  ion  etching  (RIE)  has  essentially  replaced  wet 
chemical  etching  as  a  preferable  method  for  accomplishing 
fine-line  lithography  and  selective  etching.  It  has  been  shown 
[1]  that  use  of  a  magnetic  field  (MIE)  confines  the  electrons 
closer  to  the  cathode,  thus  increasing  ionization  efficiently 
and  offering  low  pressure,  low  bias  etching.  In  both  RIE  and 
MIE,  it  is  not  well  understood  how  various  system  parameters 
such  as  gas  flow,  pressure,  bias  voltage,  magnetic  field 
strength  and  magnets  arrangement  affect  the  etch  rate, 
uniformity  and  selectivity. 

We  present  a  process  model  for  the  reactive  ion  etching  and 
simulation  results  with  and  without  the  aid  of  magnetic 
enhancement.  The  model  involves  solution  to  the  fluid  flow 
and  reactive  species  equations  using  a  highly  efficient  finite 
difference  algorithm.  Results  for  the  etching  of  GaAs  using 
boron  trichloride  (BCI3)  plasma  are  presented.  Proper 
dissociation  kinetics  and  surface  reactions  leading  to  etching 
have  been  incorporated.  For  a  3"  wafer,  the  computed  etch 
rates  are  nearly  uniform  with  slightly  higher  rates  at  the  edges. 

This  variation  is  a  function  of  system  pressure  and  flow  rate, 
and  the  physics  behind  the  observations  are  explained  in  the 
presentation.  The  computed  rates  are  found  to  agree  well 


SILICON  FIIM  AS  A  NEW  ETCHING  MASK  FOR  InP  DEVICES, 
X.S.  Wu,  Shuojin  Wang*  and  Zhangde  Lu,  Shanghai  Institute  of 
Metallurgy,  Academia  Sinica.  Shanghai,  China;  and  Jun  Chen. 
Institute  of  Materials  Science,  Fudan  University,  Shanghai, 
China. 


Silicon  film  as  an  etching  mask  or  a  diffusion  mask  for  GaAs 
devices  was  reported  previously.  For  similar  reasons  silicon 
also  has  been  expected  to  be  a  good  etching  mask  for  InP 
based  materials  and  devices. 

On  this  letter,  considerably  different  etching  behaviors 
between  silicon  and  InP  were  shown  in  several  chemicals.  On 
(100)  InP  substrates,  silicon  films  were  deposited  by  a  rf 
(13- 56  MHz)  magnetron  sputtering  system  at  room  temperature 
with  a  target  of  unintentionally  doped  silicon.  For 
comparison,  a  SiOp  mask  was  also  deposited  on  InP  substrate 
by  CVD  system  at  low  temperature.  The  films  were  analyzed 
with  SIMS,  showing  that  the  films  were  relatively  pure 
silicon  up  to  the  interface  or  Si02 , respectvely . 

InP  with  Si  mask  or  SiOo  mask  were  etched  in  several 
conventional  chemical  The  etched  facets  were  observed  by 
SIM.  Their  undersirable  etched  undercut  were  compared.  It 
is  shown  that  undercut  of  InP  with  Si  Stripe  mask  is  smaller 
than  that  with  SiOp  mask.  In  most  of  above  chemicals,  the 
undercut  of  Si/InP  almost  can’t  be  observed  as  shown  in  the 
Figures  of  the  paper.  However,  the  biggest  undercut  of  Si02 
/InP  is  0.83  in  the  solution  of  HC1  and  H3PO/  (1:1).  The 
relatively  stress  of  interface  of  Si/InP  and  SiOo/InP  were 
measured.  The  relation  between  stress  and  etched  undercut 
was  discussed. 

*  Permanent  address:  Zhejiang  University,  Hangzhou,  China 
B5.4 

ETCHING  OF  GAAS  ON  ALGAAS  IN  RIE-M0DE  G.Kaufel.  E.  dan¬ 
der,  Fraunhofer- I nsti tut  fur  Angewandte  Festkorperphysik, 
EckerstraBe  4,  D-7800  Freiburg,  W.  Germany. 

This  paper  reports  on  the  selective  reactive  ion  etching 
(RIE)  of  GaAs  on  AlGaAs  for  recessed-gate  GaAs  MESFET 
technology. 

MESFET  or  HEMT  structures  were  grown,  using  MBE  or  M0CVD, 
including  thin  (3  nm)  AlGaAs  etch  stop  layers  to  preci¬ 
sely  control  the  depth  of  the  etched  recess  and  hence  the 
threshold  voltage  of  the  devices.  The  structure  of  inter¬ 
est  for  etching  consists  of  an  80  nm  GaAs  layer 
(n=3xioie/c»3) ,  which  is  the  contact  layer  of  the  recessed 
gate  devices,  and  a  3  nm  AlGaAs  etch  stop  layer 
(n*3xiol7/c«^) . 

The  structure  below  the  etch  stop  layer  is  dependent  on 
the  particular  device  to  be  fabricated,  but  is  irrelevant 
to  the  etching  process. 

Me  used  a  Leybold  MPE  3003  Plasma  Etcher  which  contains 
two  etch  modules  and  one  deposition  module.  The  etch  gas 
used  was  CF.CL  for  GaAs  and  Ar  for  AlGaAs.  Etching  was 
done  at  pressures  between  30  mTorr  and  100  mTorr  and  a 
self  bias  between  47  V  and  250  V.  The  Etch  Profile  of  the 
transistor  gate  recess  varied  with  the  pressure;  the 
largest  undercut  is  obtained  at  a  pressure  of  100  mTorr. 

Me  found  that  it  was  necessary  to  use  self  bias  voltages 
below  150  Volts  to  stop  the  etching  at  the  AlGaAs  layer. 
Beyond  a  certain  voltage  there  is  a  significant  increase 
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in  the  etch  rate  of  AIGaAs. 

Up  to  a  power  range  between  0.20-0.30  W/cm  ,  no  radiation 
damage  to  a  quantum  well  structure  was  observed  using 
photoluminescence. 

B5.5 

rom:R  vapor  i.asir  (  sii)  in  itching  and  deposition. 

Bclzaccm  llaba,  Hrian  \V.  Hussey,  Antna\a  (.ii|ila.  and  Robert  .1.  Baseman,  IBM 
1  honias  .1.  Watson  Research  (enter  Bov  218.  York  town  Heights.  Nrw  York  10598. 


We  have  carried  out  experiments  for  etching  manganese-zinc 
ferrite  in  aqueous  KOH  solutions  using  a  copper  vapor  laser. 
The  high  repetition  rate  (5-10  KHz),  the  high  peak  power  (~ 
250  KW) ,  and  the  short  pulse  length  (10-15  ns)  result  in  rapid 
etching  of  grooves  with  high  aspect  ratios.  The  depth  of  the 
grooves  increased  with  laser  power  and  slower  scan  speeds 
while,  the  width  was  limited  to  the  laser  beam  focus.  The 
etching  process  is  believed  to  be  purely  thermal  in  nature 
and  limited  only  by  the  removal  of  the  molten  material  out 
of  the  grooves. 

The  copper  vapor  laser  was  also  used  as  a  source  for 
projection  deposition  of  various  metals  on  quartz  substrate 
by  pure  pyrolytic  process.  This  system  achieved  patterns 
with  fine  feature  sizes,  good  resolution,  and  metallic  prop¬ 
erties  of  the  deposits.  In  this  technique,  both  the  spun-on 
organometallic  films  as  well  as  ICVD  were  tried. 

B5.6 

DOWNSTREAM  ETCHING  OF  GaAs  AND  InP  USING 
MOLECULAR  CHLORINE  AND  CHLORINE  RADICALS. 

David  G.  Lishan  and  Evelyn  L.  Hu,  ECE  Dept.,  University  of 
California,  Santa  Barbara,  CA  93106. 

We  report  a  Systematic  study  of  downstream  etching  of  GaAs 
and  InP  in  a  well  controlled,  load-locked  environment.  Base 
pressures  of  -5x1  O'7  Torr  are  achievable.  Molecular  chlorine, 
hydrogen  chloride  and  chlorine  radicals  are  independently 
used  to  etch  these  materials  and  comparisons  are  made 
between  their  highly  temperature  dependent  etch  rates.  A 
novel  microwave  source  (McCarroll  cavity)  is  used  to  generate 
the  chlorine  radicals  in  a  region  remote  from  the  sample  and 
thus  eliminates  physical  sputtering  mechanisms  of  etching. 
The  technique  of  remote  plasmas  to  generate  reactive  species 
has  broad  application  to  in-  iu  deposition  and  etching  and  in 
this  instance  it  will  be  compared  to  conventional  reactive  ion 
etching  (RIE)  of  these  materials. 

In  the  GaAs  system,  the  remote  plasma  enhances  the  etch  rate 
by  a  factor  of  nearly  three  in  the  temperature  range  from  room 
temperature  to  250°C.  However,  InP  data  suggest  that  at 
temperatures  below  140°C,  chlorine  radicals  show  no  etch  rate 
enhancement  over  molecular  chlorine  and  perhaps  even 
inhibit  the  etching  rate.  At  temperatures  above  140°C  the  etch 
rates  using  chlorine  radicals  is  again  slightly  faster  than  with 
molecular  chlorine.  Under  both  of  these  etching  conditions  the 
temperature  dependence  is  weak  above  this  temperature.  In 
contrast,  RIE  results  indicate  a  rapid  increase  in  the  etch  rate 
past  150°C.  Changes  in  surface  morphology  and  etch 
anisotropy  as  a  function  of  temoerature  will  be  discussed. 

B5.7 

COMBINING  SPONTANEOUS  MOLECULAR  ASSEMBLY  WITH 
MICROFABRICATION  TO  PATTERN  SURFACES: 

COORDINATION  CHEMISTRY  OF  FUNCTIONALIZED 
ISONITRILES  TO  Pt  SURFACES.  J.J.  Hickman,  C. 

Zou,  D.  Ofer,  and  M.S.  Wrighton,  Department  of 
Chemistry,  Massachusetts  Institute  of 


Technology,  Cambridge,  MA  02139;  P.  Laibinis,  C. 
Bain,  and  G.M.  Whitesides,  Harvard  University, 
Cambridge,  MA  02138. 

Pt  electrodes  can  be  functionalized  by 
spontaneous  binding  of  £-( ferrocenyl ) phenyl- 
isonitrile,  If  or  m-chloro-£- ( ferrocenyl J - 
phenylisonitrile,  II,  by  reaction  of  pretreated 
Pt  with  -1  mM  X  or  II  in  CH3CN  at  298  K.  FTIR  is 
consistent  with  attachment  of  I  or  II  via  a  -NC- 
Pt  linkage.  XPS,  AES,  and  electrochemical 
characterizations  are  consistent  with  attachment 
of  one  monolayer  of  redox  active  material  with  a 
potential  of  -+0.6  V  vs.  Ag  due  to  the 
ferrocenyl  moiety.  XPS  and  AES  show  selective 
binding  (>100:1)  of  I  or  I_I  to  Pt  compared  to 
the  S13N4  substrate  of  Pt  microelectrode  arrays. 

An  AES  line  scan  shows  the  isonitrile  to  only  be 
on  the  eight  Pt  microelectrodes  each  -2  pm  x  -90 
pm  long  x  0 . 1  pm  thick  and  separated  from  each 
other  by  1.4  pm.  The  data  snow  that  spontaneous 
self-assembly  and  microfabrication  can  be  used 
to  pattern  surfaces  with  redox  active  molecular 
reagents . 

B5.8 

HOLLOW  COLD  CATHODE  ION  SOURCE  FOR  REACTIVE 
ION-BEAM  ETCHING.  Stopnij  A. I.,  Tokarev  y.V., 
Institute  of  Solid  State  and  Semiconductor 
Physics,  the  BSSR  Academy  of  Sciences , P . Brovka 
str.  17,  Minsk,  USSR,  220726. 

The  paper  reports  the  results  of  etching  the  po- 
lyimide  film,  sputtered  onto  the  SiOp/Si  subst¬ 
rate  with  oxygen  ion  beam.  The  profile  obtained 
has  abrupt  slopes. The  paper  studies  the  influence 
of  ion  beam  energy  and  argon  gas  addition  on 
the  formation  of  the  profile  "valley"  part. 

Ion  beam  parameters  were  as  follows:  beam  cur¬ 
rent  density  was  up  to  1.2  mA/cm  .  beam  diame¬ 
ter  was  12  cm,  beam  radial  irregularity  did  not 
exceed  "5% ,  energy  range  was  2-5  ke7.  Ion  beam 
was  extracted  from  a  wide  aperture  source  of 
reactive  gas  ions  with  a  hollow  cold  cathode. 

The  distinctive  feature  of  the  ion  source  is 
the  use  of  double  cascade  self-maintained  dis¬ 
charge  at  low  pressure  as  an  ion  emitter.  This 
ensures  high  beam  operating  parameters  together 
with  the  simple  construction  of  a  diode  type. 
Multipole  magnet  system  having  constant  polari¬ 
ty  is  located  along  the  hollow  cathode  periphery 
just  near  emission  boundary  and  is  employed  to 
form  constant  density  plasma  emission  boundary. 
The  ion  source  ^nsu^es  well  collimated  oxygen 
ion  beam  with  Oj/O  >3  ratio,  its  contamination 
level  is  less  than  2X.  The  source  can  continious- 
ly  function  for  more  than  100  hours. 

B5.9 

LASER  INDUCED  FORWARD  TRANSFER  FOR  THE 
DEPOSITION  OF  PATTERNED  HIGH  Tc  SUPERCONDUCTOR 
THIN  FILMS.  E.  Fogarassy,  C.  Fuchs,  S.  De  Unamuno  CRN 
(IN2P3)  Laboratoirc  PHASE  (UPR  n°292  du  CNRS),  BP  20.  67037 
Strasbourg  Cedex,  France,  and  J.  Peniere  Universitd  de  Paris  VII 
(G.P.S.  de  1T3NS)  2  place  Jussieu  75251  Paris  Cedex  05. 

The  laser  induced  forward  transfer  (LIFT)  technique  has  been 
successfully  applied,  very  recendy  (1),  for  deposing  the  new  high  Tc 
YBaCuO  and  BiSrCaCuO  superconductor  compounds.  These  materials 
are  initially  deposited  in  thin  layer  on  an  optically  transparent  support 
by  laser  evaporation  or  another  more  conventional  technique.  By 
irradiating  under  vacuum  the  film  with  a  strongly  absorbed  single  laser 
pulse,  through  the  transparent  support,  we  are  able  to  remove  the  film 


73 


from  the  support  to  be  transferred  onto  a  selected  target  substrate,  hold 
in  contact  with  the  original  film.  Using  this  new  technique,  we  have 
successfully  transferred  with  a  one  single  ArF  (193  nm)  excimer  laser 
pulse  (2  150  mJ/cm*)  YBaCuO  and  BiSrCaCuO  precoated  thin  film 
(£  0.5  nm)  from  the  transparent  support  onto  various  substrates. 
Transfer  mechanism  has  been  examined,  in  details,  by  using  the  one 
dimensional  thermal  diffusion  equation  to  simulate  the  heating,  melting 
and  vaporization  of  these  compounds,  and  possible  consequences  on 
their  stoichiometry  were  analyzed. 

Experiments  were  also  performed  in  order  to  demonstrate  the 
possibilites  given  by  the  LIFT  technique  for  patterning  the  high  Tc 
superconductor  films  either  by  passing  the  laser  beam  through  a  mask 
(mask  patterning)  or  by  focusing  the  beam  with  a  lens  system  (direct 
patterning). 

(1)  E.  Fogarassy,  C.  Fuchs,  F.Kerherve,  G.  Hauchecorne  and 
J.  Perriere.  J.  Mater.  Res.  Vol.  4,  n°5  Sep/Oct  1989. 

B5. 10 

DIRECT  EVIDENCE  FOR  THE  CREATION  OF  NICROPORES  IN  UV-IRRAOIATED  F0LY- 
(HETHTL  METHACRYLATE).  J.  A.  Moore  and  J.-O.  Choi,  Rensselaer 
Polytechnic  Institute,  Polymer  Science  and  Engineering  Program,  Troy, 

Mew  York  12180-3590. 

One  rationale  offered  for  the  enhanced  solubility  of  poly(methyl  methac¬ 
rylate)  which  has  been  exposed  to  ultraviolet  radiation  (Hg-Xe  lamp) 
is  that,  in  addition  to  a  decrease  in  molecular  weight  caused  by  chain 
scission,  volatile  byproducts  of  the  decomposition  reaction  create 
voids  or  micropores  in  the  film  which  facilitate  transport  of  solvent 
into  ?*«*  body  of  the  film  and  thereby  enhance  dissolution. 

Using  azobenzene  as  a  probe  with  an  Intense  ultraviolet  absorption 
we  have  accumulated  direct  evidence  that  a  larger  volume  is  available 
after  Irradiation.  Azobenzene  exists  as  the  extended  trans  Isomer 
under  normal  conditions,  but  upon  Irradiation  at  335  nm  it  is  isomerlzed 
to  the  compact  cis  Isomer  by  rotation  about  the  weakened  N*M  bond  in 
the  excited  state.  Clearly  this  isomerization  process  will  be  affected 
by  the  amount  of  space  (free  volume,  microporosity)  available  on  the 
molecular  level  as  long  as  It  Is  small  compared  to  the  molecular  dimen¬ 
sions  of  the  probe. 

Films  of  PNMA  Including  azobenzene  were  prepared  by  casting  polymer 
solutions  containing  the  probe  or  by  exposing  pre- irradiated  films 
to  the  vapor  of  azobenzene.  Under  similar  conditions,  films  which 
had  been  irradiated  imbibed  more  azobenzene  than  annealed,  unirradiated 
fflms  or  irradiated  films  which  had  been  annealed  above  Tg.  These 
materials  were  Irradiated  at  335  me  and  the  amount  of  trans  azobenzene 
which  had  been  formed  was  monitored  spec trophotometr leal ly.  The  largest 
amount  of  photoisomerization  was  observed  for  the  pre- irradiated  samples 
which  had  been  penetrated  by  azobenzene  from  the  vapor,  indicating 
that  the  created  free  volume  allowed  the  isomerization  to  proceed  more 
easi ly. 

B5. 11 

REACTIVE  ION  ETCHING  OF  ln-BASED  UI-V  SEMI- 
CONDUCTORS-COMP  ARISON  OF  Cl  and  C2H<j 

CHEMISTRIES.  S.  J.  Pcanon,  U.  K.  Chakrabarti,  F.  A.  Baiocchi 
and  W.  S.  Hobson,  AT&T  Bell  Laboratories,  Murray  Hill,  NJ. 

RIE  of  InP,  InGaAs,  InAlAs,  InAs  and  InSb  in  CCI2F2.  SiCU, 
CI2.  and  C2H^/H2  has  been  compared  in  terms  of  the  relative 
etch  rates,  stoichiometry  of  the  etch  surface,  and  residual  ion- 
induced  disorder.  The  C2H$/H2  mixture  at  the  appropriate  ratio 
(1:10)  leads  to  smooth,  controlled  (100-300  A  •  min-1 )  etching  of 
these  materials,  while  the  G2-based  mixtures  lead  to  faster 
removal  (600-1000  A  •  min-1),  but  with  generally  rougher  surface 
morph  ilogtes.  Exposure  to  the  C2H$/H2  discharge  leads  to 
preferential  removal  of  the  group  V  elements  to  depths  of  £200  A 
necessitating  the  removal  of  this  non-stoichiometric  layer  in  order 
to  obtain  acceptable  Schottky  diode  behaviour.  This  is  not 
necessary  for  G2 -based  etching,  although  the  RIE  samples  show 
excess  surface  leakage  current.  Under  low  pressure  discharge 


conditions  ion  bombardment  by  hydrogen  ions  in  the  C2H^/H^ 
plasma  leads  to  reductions  in  carrier  density  in  the  first  -1000  A 
of  the  near- surface  region  of  InP.  This  damage  can  be  annealed 
out  around  500*C,  and  appears  to  consist  of  point  defects 
unobservable  by  TEM.  The  main  advantage  to  the  use  of 
C2H5/H2  is  its  better  etching  characteristics  for  InGaAs  in 
comparison  to  the  G2-based  chemistries. 

B5.12 

ELEVATED  TEMPERATURE  REACTIVE  ION  ETCHING  OF 
GaAs  AND  AlGaAs  IN  02^/^.  S.  J.  Peanon,  W.  S.  Hobson, 
AT&T  Bell  Laboratories,  Mun-ay  Hill,  NJ;  K.  S.  Jones,  University 
of  Florida,  Gainesville,  FL 

The  etch  rate,  surface  morphology  and  atomic  composition, 
depth  of  hydrogen  passivation  and  near-surface  disorder  in  GaAs 
and  Al,Gaj_xAs  (x  =  0,09  -  1)  have  been  examined  as  a  function 
of  tne  sample  temperature  (50-350'C)  during  reactive  ion  etching 
in  C2H6/H2.  The  etch  rates  are  constant  with  time,  show  tittle 
temperature  dependence  and  decrease  with  increasing  A1  content 
in  the  AlGaAs.  The  etched  surfaces  have  smooth  morphologies 
for  C2H^  concentrations  less  than  —40%  of  the  total  gas  volume. 
The  As-to-Ga  ratio  in  the  near-surface  region  of  GaAs  remains 
unchanged  over  the  temperature  range  investigated,  and  the  depth 
of  hydrogen  passivation  of  shallow  dopants  is  thermally  activated 
(Dh  =  3.1  x  10“5  exp(-0.79  eV/kT)  for  GaAs  and  1.8  x  1CTS 
exp(-0.85  eV/kT)  for  Al^Ga^As).  A  layer  of  sub-surface 
dislocations  approximately  40  A  deep  were  observed  in  GaAs  by 
TEM  for  the  highest  power  density  discharges  (1.3  W  •  cm'2). 

B5.13 

CHARACTERIZATION  OF  SIDEWALL  RESIDUE  FILM  AND 
ATOMIC  STRUCTURE  OF  THE  TRENCH  FORMED  BY  BC1  / 

Cl,  REACTIVE  ION  ETCHING.  Sun  Jin  Yun  and  Young- 
Jin  Jeon.  Electronics  and  Telecommunications 
Research  Institute,  Dacdog  Danji  P .  0 .  Box  8. 
Daejeon  City,  Korea  ;  and  Jcong  Y.  Lee.  Korea 
Institute  of  Technology.  Daejeon  City,  Korea. 

The  silicon  surface  contamination  and  damage 
induced  by  trench  etching  in  BC  t ,/C  1 ,  reactive 
ion  etching  (RIE)  process  were  characterized  by 
means  ol  x-ray  photoelectron  spectroscopy 
(XPS)  ,  secondary  ion  mass  spectrometry  (SIMS), 
and  high  resolution  transmission  electron 
microscopy  (11RTEM)  . 

The  residue  films  at  trench  sidewall  are  70  - 
100  angstroms  thick  and  are  composed  of  B  and 
Cl.  The  residue  at  the  upper  region  of  trench 
sidewall  is  thicker  than  that  of  the  lower 
region.  The  penetration  of  energetic  ion  species 
was  investigated  by  SIMS  depth  profiling.  Atomic 
configuration  of  a  trench  structure  formed  by 
BCIj/Clj  RIE  was  also  observed  by  HRTEM.  The 
surface  roughness  in  sidewall  caused  by  trench 
etching  is  severe  more  than  10  atomic  layers  and 
Ihe  near-surface  region  is  heavily  damaged. 

B5.J4 

MUNIKAIl  III  MIMi  nuns  IN  I  \UM1  It  I  \si  It 
PI  ANARI/A  I  KIN  or  Al  I  MIM  A1  Robert  .1  Ba-cman  mu!  Inscpli  ( 
Andrcshak  IBM  Research  I  Vision.  HIM  I  I  Watson  Rescare  h  <  Y -met  T  O  Box 
’IK.  Yorklnun  Heights.  NY  IIISOK 

Substantial  difJorcmcs  in  excimer  hirer  planarization  processor  are  (listened  wilt 
xubsiralc  healing  Cavities,  associated  with  filling  of  high  atpccl  ratio  vias  al  low 
substrate  temperature,  can  be  eliminated  by  substrate  healing  Damage  associated 
with  pulse  overlap  regions  can  be  temperature  sensitive,  and  is  reduced  as  substrate 
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temperatures  arc  increased  While  required  Alienees  for  planarization  and  sample 
damage  both  decrease  as  the  sample  temperature  increases,  the  relative  insensitivity 
of  the  damage  threshold  generally  results  in  larger  process  windows  at  higher  tem¬ 
peratures  We  also  report  model  calculations  of  the  effect  of  substrate  heating  on 
sample  temperature  distributions  and  the  durations  of  the  laser  driven  melts 

B5.15 

WHOLE  COMPOSITION  RANGE  DEPOSITION  OP  THIN  FILMS 
HI  MAGNETRON  COSPUTTERING  AND  ITS  APPLICATIONS. 
Qlng-Mlng  Chen  ,  Huazhong  University  of  Science 
and  Technology ,  Wuhan,  China;  Yu-Dian  Pan,  and 
Heng-De  Li,  Tsinghua  University,  Beijing,  China. 

Magnetron  cosputtering,  i.e.,  simultaneous 

sputtering  of  two  or  more  element  targets,  was 
employed  to  deposit  alloy  thin  films  of  17  binary 
systems  such  as  Co-Mo  and  Cu-Mo.  The  films  which 
allow  the  composition  to  cover  the  complete 
composition  range  of  the  phase  diagram  can  be 
obtained  at  one  time. The  films  were  characterized 
with  the  help  of  transmission  electron  microscopy 
with  hot  stage,  electron  diffraction,  and  Ruther¬ 
ford  backscattering  spectrometry.  Many  amorphous 
phases  and  metastable  phases  were  observed. 

With  the  liquid-nitrogen  cooling  of  substrates, 
magnetron  cosputtering  creats  the  nonequilibrium 
conditions  of  thin  film  growth. The  nonequilibrium 
situation  may  result  in  an  enhancement  of  the 
solid  solubility,  dramatic  changes  in  the  defect 
density,  the  formation  of  metastable  crystal 
structures  or  amorphous  phases,  and  changes  in 
microstructure.  All  of  these  are  the  subjects  of 
vital  concern  to  the  metallurgists.  Magnetron 
cosputtering  is  a  useful  method  for  studying  the 
subjects  described  above. 

As  an  illustration,  the  present  paper  gives  the 
nonequilibrium  phase  diagrams  of  the  Fe-Bi  and 
Cu-Mo  systems  which  exhibit  immiscibil lty  in  the 
eouilibrium  phase  diagrams,  and  also  gives  the 
phase  transition  behaviours  of  the  as-deposited 
metastable  phases  when  annealed  at  the  hot  stage. 

B5.16 

THL  r-Tlh'luo  iff  hliiJU.  wITh  A  MULlCULAK  HLAM  JF  Ft-, 

Lajjjhlin,  M.  Miuom  ,<il ,  ll.J.  Gladstone,  M.T. 
ichu  1  berg,  and  S.T.  lever,  department,  of  Chemistry, 
Massachusetts  Institute  of  Technology,  Cambridge,  MA 
dClJy. 

Tne  dissociative  chemisorption  of  f 2  on  Si(ll)d)  has 
been  studied  in  order  to  investigate  the  potential 
of  neutral  molecular  beams  as  a  dry  etchiny 
technique.  The  probability  for  dissociative 
chemisorption  of  F^  on  Si(lUU)  at  25U  K  is  about  one 
for  fluorine  coverages  less  than  0.5  monolayer  and 
is  independent  of  F^  kinetic  energy.  The  sole 
desorption  product  observed  under  these  conditions 
in  a  thermal  desorption  spectrum  is  SiF^  at  BOU  K. 

Above  1  monolayer  coverage,  the  dissociative 
chemisorption  probability  for  Si F 2  formation  drops 
to  about  'cxlO--*.  However,  further  reaction  of  F2 
with  "  fluorinated  silicon  surface  can  be  achieved 
by  raising  the  kinetic  energy  of  the  incident  F2  to 
above  5-7  kcal/mole.  At  these  higher  F  coverages, 

Si F4  thermal  desorption  is  also  observed.  The  Si F4 
yield  scales  with  normal  incident  kinetic  energy  of 
tne  incident  F2.  These  results  suggest  that  etching 
of  Si (100)  by  molecular  F2  can  be  enhanced  by 
increasing  the  kinetic  energy  of  the  F2  beam. 


B5.17 

SELECT  I VE  CHEMICAL  VAPOR  DEPOSITION  UK  TUNCSTKN 
KILNS  ON  TITANIUM  ION  1  RRAD I ATFD  SILICON  DIOXIDt. 

11.  Okuliira.  S.  Kishiwaisu.  and  K.  Ninosiya, 

Central  Research  Laboratory,  Hitachi,  Ltd., 
Kokubunji,  Tokyo  185.  Japan. 

We  demonstrate  the  selective  deposition  of  adherent 
tungsten  (W)  films  on  titanium  (Ti)  ion  ■  i rrad iated 
silicon  dioxide  (SiO,)  using  consecutive  processes 
of  ArF  excimer  laser  chemical  vapor  deposition  (CVD) 
and  lorn-pressure  (LP)  CVD. 

Ti  ion  irradiation  is  performed  through  a  stencil 
metal  mask  in  a  CVD  reaction  chamber.  Typical 
energy  and  ion  doses  are  600  eV  and  1.1  x  10' *  cm‘2, 
respectively.  Laser  CVD  with  WF ,  and  H,  is  then 
performed  for  40  seconds  at  400  K.  After  laser  CVD. 
an  ion  irradiation  pattern  is  clear  but  a  metallic 
film  is  not  observed.  After  subsequent  LPCVD  at 
600  K,  a  SOOpm-wide  and  20nm  thick  metallic  pattern 
appears  preferentially  on  the  i on  -  i  rrad iated  SiO,. 
Good  adhesion  of  the  deposited  film  is  confirmed  by 
a  tape  test. 

Without  the  laser  CVD  step,  the  ion  -irradiation 
pattern  disappears  during  LPCVD  and  no  W  film 
deposition  occurs.  Therefore,  laser  CVD  is 

essential.  However,  longer  laser  CVD  times  cause 
selectivity  loss  during  LPCVD,  and  the  deposition 
of  weakly  adherent  film  on  the  entire  Si02  surface. 

This  study  was  performed  through  Special 
Coordination  Funds  of  the  Science  and  Technology 
Agency  of  the  Japanese  Government. 

B5.18 

STATISTICAL  INTERPRETATION  OF  IR  AND  UV  PHOTO¬ 
ABLATION.  Ruediger  Braun  and  Peter  Hess. 
Institute  of  Physical  Chemistry,  University  of 
Heidelberg,  Im  Neuenheimer  Feld  253,  D-6900 

Heidelberg,  F.R.G. 

A  photoablation  model  based  on  statistical  con¬ 
cepts  is  presented.  This  model  takes  into 
account  the  optical,  thermophysical  and  thermo¬ 
dynamic  properties  of  the  condensed  film  and 
uses  statistics  to  calculate  the  number  of 
ablated  species  and  their  kinetic  energy. 

Photoablation  from  condensed  van  der  Waals 
films  of  benzene  was  studied  employing  a  pulsed 
C02  laser  in  the  IR  and  a  pulsed  KrF  laser  in 
the  UV  spectral  region.  The  statistical  model 
gives  a  reasonable  description  of  the" nonlinear 
fluence  dependence  of  the  ablation  yield,  which 
varies  by  more  than  five  orders  of  magnitude  in 
the  fluence  range  studied.  For  this  system, 
where  no  chemistry  is  involved,  the  fluence 
dependence  of  the  kinetic  energy  of  ablated 
species  is  investigated  experimentally  and 

compared  with  the  theoretical  model. 

Polymer  ablation  was  studied  for  polyimide 
films  and  foils  with  C02  laser  and  XrF  laser 
pulses.  The  striking  similarities  in  the 

etching  behavior  for  IR  and  UV  photoablation 
are  discussed  in  the  frame  work  of  statistical 
concepts.  The  most  interesting  feature  of  these 

polymer  ablation  experiments  is  not  the 

threshold  behavior,  but  a  similar  slope  in  the 
etch  rate  versus  fluence  plot  for  IR  and  UV 
photoaolation. 
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B5.19 

THE  EFFECTS  OF  SOURCE  GAS,  TEMPERATURE  AND 
PRESSURE  ON  THE  SURFACE  PLANARITY  AND 
MICROSTRUCTURE  OF  SILICON  SEG  AND  ELO.  M.C.  Arst.  K.N. 
Ritz,  J.T.  Chen  and  S.  Redkar,  Philips  Research  Laboratories  -  Signetics 
Comp.,  Sunnyvale,  CA.;  and  J.O.  Borland  and  J.  Hann,  Applied 
Materials,  Inc.  -  Santa  Clara,  CA. 

The  microstructure  and  surface  planarity  of  selective  silicon  epitaxial 
growth  (SEG)  and  epitaxial  lateral  overgrowth  (ELO)  have  been  ana¬ 
lyzed  via  SEM  and  TEM.  The  samples  in  this  study  simulate  size, 
structure  and  densities  of  transistor  active  areas  in  IC's.  The  epitaxial 
layers  were  processed  in  a  low  pressure  CVD  epi  reactor  (10-25  torr) 
using  SiH2C12  (DCS)  as  a  source  gas  and  deposition  temperatures  from 
860°C  and  950°C.  Results  from  this  study  show  that  epi/Si02  interface 
faceting  is  strongly  effected  by  the  wafer  loading  (ratio  of  active  silicon 
to  non-active  or  field  oxide  regions)  and  by  epi  growth  parameters. 
Faceting  is  less  pronounced  in  samples  with  wafer  loading  values 
greater  than  50  %.  Processing  parameters  like  reducing  reactor  pressurr 
and  HC1  injection  are  also  effective  to  minimize  faceting.  The  additi'  . 
of  HC1  during  the  epi  growth  cycle,  which  reduces  the  growth  rate,  aiso 
results  in  lower  defect  densities  at  the  interfaces  and  the  epi  layer  and 
creates  ELO  surfaces  much  smoother  than  that  achieved  by  growth 
without  HC1. 

Applying  these  epitaxial  techniques  in  IC  processing  requires  to  adjust 
growth  parameters  to  the  device  lay-out  "loading"  in  order  to  obtain 
after-epi  wafer  surfaces  suitable  for  lithography.  This  effort  of  fine 
tuning  of  the  epi  processing  parameters  was  complimeted  by 
planarizing  SEG  and  ELO  surfaces  by  standard  silicon  wafer  po.ishing 
techniques.  This  step  not  only  compensates  for  residual  loading  effects, 
but  also  eliminates  layer  thickness  non-uniformities  while  providing  the 
SEG  and  ELO  layer  with  virgin  wafer  surface  quality.  Electrical 
performance  of  n-channel  MOS  transistors,  built  on  as  grown  and 
surface  polished  SEG  samples,  were  measured  and  compared  to  data 
from  a  standard  MOS  process  with  LOCOS  isolation. 


B5.20 

IN-SITU  CHARACTERIZATION  OF  CHEMICAL  VAPOR 

DEPOSITION.  _ Scarmozzino.  T.  Cacouris,  R.M. 

Osgood  Jr.,  Columbia  University,  New  York,  N.Y. 
10027. 

In-situ  measurement  of  resistance  has  been  used  for 
the  real-time  monitoring  of  metallorganic  chemical 
vapor  deposition  (CVD)  growth  characteristics.  In 
particular,  a  novel  technique  for  measuring  CVD 
activation  energies  is  presented.  The  micron  scale 
geometry  of  the  experiment  makes  it  relavent  to  work 
in  localized  laser  CVD.  In  this  experiment,  a  thin 
conducting  line  is  first  deposited  between  test  pads 
via  laser  photolysis  of  a  metallorganic  gas.  By 
applying  a  voltage  to  the  pads,  a  current  is  induced 
in  the  line  which  resistively  heats  it,  causing 
pyrolysis  and  subsequent  growth.  By  monitoring  the 
current  as  a  function  of  time,  one  simutaneously 
obtains  information  on  the  CVD  growth  rate  and  the 
power  dissipation,  which  allows  a  measurement  of  the 
activation  energy.  The  technique  has  been  used  to 
measure  the  CVD  activation  energy  of  the 
dimethylaluminum  hydride  (DMA1H). 


B5.21 

EDGE  ENHANCED  INTERLAYER  DIFFUSION  IN  Al/Hf/Al 
VLSI  METALLIZATION.  X.S.Guo  and  W.A.Lanford, 
State  U.  of  N.Y.  at  Albany,  NY  12222, 
K.P.Rodbell,  IBM-East  Fishkill,  Hopewell 
Junction,  NY  12533 

Al/Hf/Al  multilayer  were  patterned  and  reactive 
ion  etched  into  parallel  stripes  having  stripe 
widths  from  0.5um  to  200yn.  Due  to  the  ion 
bombardment  and  reactions  between  reactive  ions 
and  Al/Hf/Al  stripes  on  the  sidewalls  of  the 
stripe,  there  will  be  defects  and  damages  near 
the  edges  of  the  stripe.  These  defects  and 
damages  will  enhance  the  interlayer  diffusion 


between  A1  and  Hf  layers.  A  2  MeV  He  beam  was 
focused  to  2um  in  diameter  and  scanned  a  few 
thousand  A  across  the  edge  of  a  stripe,  the  RBS 
from  the  edge  was  compared  with  that  from  the 
center  of  a  stripe.  Stripes  with  different 
stripe  width  were  also  compared  using  RBS.  It 
was  found  that  the  interlayer  diffusion  near 
the  edge  was  enhanced,  and  the  temperature 
where  the  edge  interlayer  diffusion  started  was 
25  degree  C  below  that  at  the  center. 

B5.22 

LASER  WRITING  Or  HIGH  PURITY  GOLD  LINES.  M  Jubber,  J  1  B 
Wilson,  J  L  Davidson,  P  A  Fernie,  P  John,  Henot-Watt 
University,  Riccarton,  Edinburgh  EH14  4AS 

Gold  tracks  have  been  deposited  on  thermally  oxidised 
silicon  wafers  by  pyrolytic  decomposition  of  gaseous  methyl 
(triethylphosphine)gold  1,  using  focussed  514mm  radiation 
from  an  argon  ion  laser.  The  precursor,  AuMe(Et,P),  is  a 
white  crystalline  solid  with  a  relatively  high  vapour 
pressure  and  is  one  of  a  series  of  compounds  being  evaluated 
for  laser  deposition.  Tracks  were  deposited  at  a  speed  of 
35^ms  with  a  spot  size  of  *  12fim.  SIMS,  EDAX  and  laser 
ionisation  microprobe  analysis  (LIMA)  were  used  to  analyse 
the  chemical  composition  of  the  tracks;  the  purity  of  better 
than  98!«  is  consistent  with  the  low  value  of  room 
temperature  resistivity  (4i.2u.flcm,  compared  with  bulk  gold 
*  2jflcm).  Stylus  profilometry  and  SEM  analysis  showed  the 
lines  to  have  an  almost  rectangular  cross-section  suggesting 
that  deposition  is  more  rapid  on  the  gold  surface  than  on 
the  SiG,  substrate. 

B5.23 

PHOTOSTIMULATED  DEFECT- IMPURITY  REACTIONS  DURING  ION 
BOMBARDMENT  OF  SI.  Alex  B.  Danilin,  Yuri  N.  Erokhin, 

Viktor  N.  Mordkovlch,  Institute  of  Microelectronics  Tech¬ 
nology  and  Superpura  Materials  USSR  Academy  of  Sciences, 
142432,  Chernogolovka,  Moscow  rgn.  USSR. 

The  Influence  of  photoexltatlon  on  the  defect-impurity 
reactions  during  ion  bombardment  (90*150  kev  0+,  P+  ions 
to  a  dose  of  3x10^  -  2x10^  cm-^)  of  Si  was  studied. 
Photoexltatlon  was  performed  by  lrradltatlon  the  sample 
with  the  light  with  the  wavelength  shorter  than  one  corres¬ 
ponding  to  the  SI  energy  bandgap. 

It  was  shown  that  photoexltatlon  makes  the  strong  Influence 
on  the  formation  of  stable  radiation  defects  (RDs)  and 
their  complexes  with  Impurities  and  causes: 
a)  considerable  reduction  of  the  RDs  accumulation  In 
ion  implanted  layer;  b)  Che  Increase  of  the  dose  of  amorphl- 
zation;  c)  non-mono tonous  change  with  the  sample  tempra- 
ture  in  the  region  500-700  K  of  the  concentration  of 
soluted  oxigen  during  ion  implantation;  d)  the  change 
of  velocity  of  oxigen  acorns  coagulaclon  on  praclpitates; 
t)  stimulates  diffusion  of  oxigen  atoms  in  SI. 

The  model,  based  on  recombination-stimulated  annealing 
of  vacancy  type  point  defects  during  Ion  Implantation, 
explaining  tht  decrease  of  RD  accumulation  during  tha 
early  stages  of  ion  implantation  and  lncreass  of  that 
on  lace  ones  Is  proposed. 

On  the  correlation  of  profile  of  the  deformation  peak 
and  spatial  distribution  of  implanted  species  tha  Influence 
of  elastic  force  field  on  che  kinttlc  of  deface  formation 
Is  discussed. 

B6 . 1 

GENERATION  OF  BLIND  VIA-HOLES  FOR  A  HIGH  DENSITY 
MULIT-CHIP-MODULE  USING  EXCIMER  LASERS. 

Friedrich  G.  Bachroann.  Siemens  AG,  Corp. 

Production  and  Logistics  Dept.,  Munich, 

Fed .  Rep .  Germany 

In  recent  years  the  on-chip  delay  has  gone  down 
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much  more  rapidly  than  the  signal  delay  in 
packaged  circuits .  As  a  consequence  of  this  the 
packaging  delay  times  have  had  to  be  reduced 
drastically,  which  means  that  a  greater 
packaging  density  has  had  to  be  implemented. 

A  novel  planar  packaging  technique,  used  in  the 
new  SIEMENS  main  frame  computer  7500  H  90  has 
led  to  considerable  progress  in  solving  this 
problem.  An  essential  part  of  this  system  is  a 
multi-chip-module  which  can  hold  up  to  144  bare 
chips.  The  carrier  of  these  IC's  is  a  16-layer 
high  density  multilayer  printed  circuit  board, 
which  is  fabricated  in  a  sequential  process . 

Interlayer  contacts  are  formed  by  80  /um  wide 
blind  via-holes,  which  are  generated  by 'excimer - 
laser  ablation  of  the  dielectric.  The  process 
described  in  this  paper  shows  that  it  is  pos¬ 
sible  to  produce  blind  via-holes  with  an  aspect 
ratio  of  about  one  in  an  extremely  reliable  and 
reproducible  way. 

This  process  is  already  being  successfully  run 
on  a  production  line.  It  is  to  our  best  know¬ 
ledge  the  first  time  excimer-lasers  have  been 
used  on  a  large-scale  in  an  industrial  environ¬ 
ment. 

B6 . 2 

i  v  i  ASPR-iNDun  n  ri<  him;  op  first-row  transition 
\triAUS 

George  W,  Tyndall  IBM  Almadcn  Research  Center,  650  Harry  Road,  San 
Jose,  CA  95120. 

A  quartz  crystal  microbalancc  (QOM)  has  been  used  to  study  the  KrF*  (24S 
nm|  laser-induced  etching  of  Ti,  Cr.  Pc,  Ni  and  Cu  by  hromine  I  "he 
experiment  consists  of  focusing  the  pulsed  output  of  an  cxcimcr  laser  at  normal 
incidence  onto  the  surface  of  a  quartz  crystal  coated  with  the  transition  metal. 
Absolute  etch  rates  arc  determined  from  the  change  in  the  resonant  frequency 
of  the  QC\I  over  time.  P-ach  of  the  metals  studied  can  he  etched  by  bromine 
at  laser  fluenccs  significantly  below  those  required  for  ablation  of  the  pure 
metal  The  dependence  of  the  etch  rate  on  bromine  pressure  and  laser  fluence 
was  measured  to  cllucidate  the  etching  mechanisms  The  details  of  these 
etching  mechanisms  will  be  discussed. 

B6 . 3 

PHOTOCHEMICAL  AREA-SELECTIVE  ETCHING  OF  Si  AND 
Si0?  USING  SYNCHROTRON  RADIATION. 

.Inn  *  i  oh  i  Takahashi.  Yuichi  Utsuaii.  and  Tsuneo 
Urisu.  NTT  LSI  Laboratories.  Kanagawa,  Japan. 


Material  selectivity  and  the  surface  reaction 
scheee  in  the  etching  reaction  are  iaporlant 
factors  for  controllable  area-selective 
processing.  Me  have  already  reported  [1. 21  that 
photochea ica 1  etching  using  synchrotron  radiation 
(SR)  presents  unique  ealerial  selectivity.  and 
that  the  surface  reaction  can  be  expressed  as 
"photo-si iaulated  reactive  desorption.’  This 
report  discusses  in  soae  detail  the  eechanisa 
involved  in  SR-st iaulated  area-selective  etching 
of  Si  and  Si02  using  SFg  gas. 

Photon  energy  dependence  of  SiOn  (theraal 
oxide)  etching  aas  studied  to  exaaine  shat  kind  of 
surface  photo-excitation  was  doajnant.  Excitation 
wavelength  range  was  selected  by  changing  SR  beaa 
incident  angles  to  Pi  plane  airrors  in  the  beaa 
line.  Expenaental  results  indicate  that  the  aost 
iaporlant  factor  is  core  electron  excitation  of 
surface  S i 0o  aoleculea.  The  influence  of  dopant 
in  Si  etching  was  also  studied  using  B-doped.  P- 
doped.  and  undoped  poly-Si  files.  The  etching 
rate  decreased  with  increasing  dopant 
concentration.  independent  of  conduction  type. 
This  characteristic  is  quite  different  froa  the 
case  for  exciaer  laser  or  plasaa  etching. 
According  to  our  reaction  aodel  this  result  can  be 


explained  as  active  species  quenching  by  aajority 
carriers. 

(1)T.  Urisu  et  al.  J.Vac.Sci.l  Technol.  B5  (1987) 
1436.  (2) J. Takahashi  et  al.  Extended  Abstracts 

1988  Int.  Conf.  Solid  State  Devices  &  Mat.  p.  73. 


B6.4 

EXCIMER  LASER -ASSISTED  ETCHING  OF  SILICON  USING  CHL0R0- 
PENTAFLUOROETHANE .  S.  D.  Russell,  and  D.  A.  Sexton, 

Solid  State  Electronics  Division.  Naval  Ocean  Systems  Center, 
San  Diego,  CA. 

Laser-assisted  photothermal  chemical  reactions  have  been 
observed  vith  silicon  in  a  chloropentafluoroethane  ambient 
using  a  KrF*  laser  at  248  nm.  Etching  occurs  only  if  the 
incident  fluence  exceeds  the  melt  threshold  (-0.75  J/cm2), 
and  is  monitored  by  the  change  in  silicon  reflectance  at  633 
nm.  Above  the  ablation  threshold  (-2.2  J/cm2)  increased 
surface  roughness  is  observed.  Etch  rates  -7  A/pulse  have 
been  measured  using  both  stylus  prof ilometer  and  SEM  cross- 
sectional  techniques.  The  etch  rate  dependence  on  incident 
fluence,  ambient  pressure,  doping  concentration,  crystal 
orientation  and  substrate  temperature  will  be  presented. 
This  process  allows  single  step  patterning  of  silicon  devices 
in  a  non-corrosive  environment. 

B6.5 

LOCALIZED  LASER-ASSISTED  ETCHING  OF  COPPER  FILMS  BY 
CHLORINE  USING  RAMAN  SPECTROSCOPY  FOR  m  iM  FILM 
ANALYSIS.  Him  Tang  and  Irving  P.  Herman.  Department  of  Applied 
Physics  and  the  Microelectronics  Sciences  Laboratories,  Columbia 
University,  New  York,  NY. 

Etching  of  copper  films  on  glass  was  studied  by  localized  laser  substrate 
heating  (4880  A)  in  the  presence  of  chlorine  gas.  The  spontaneous 
reaction  of  Cu  with  chlorine  at  room  temperature  forms  a  film  1 1],  which 
was  identified  to  be  CuCl  by  Raman  spectroscopy  at  77  K.  If  the  chlorine 
is  then  evacuated,  laser  heating  can  remove  this  CuCl  film  locally,  down  to 
the  remaining  copper  film.  If  instead  chlorine  is  present  during  laser 
heating,  a  bump  is  formed  In  producing  this  feature,  the  CuCl  layer  and 
some  of  the  underlying  Cu  film  ate  converted  to  CuCl2,  as  identified  by  in 
situ  Raman  analysis  at  room  temperature.  After  removal  of  the  chlorine, 
etched  CuCl/Cu  regions  are  formed  with  micron-dimension  patterns  after 
subsequent  in  siBi  laser  heating  of  these  features  or  ££  am  rinsing  in 
solvents. 

This  work  was  supported  by  the  Office  of  Naval  Research  and  IBM. 

[1]  W.  Sesselmann  and  T.  J.  Chuang,  Surf.  Sci.  176.  32  (1986). 


B6.6 

SELECTIVE  TUNGSTEN  CVD  ON  A-SI:H  BY  PULSED  UV 
LASER  MODIFICATION  OF  THE  NATIVE  OXIDE.  Arthur  T. 
Howe.  K.  V.  Reddy,  Darrell  L.  Wuertsch  and  Jeff  T. 
Niccum,  Technology  Division,  Amoco  Technology 
Company,  PO  Box  400,  Naperville  IL  60566;  and 
Gerry  W.  Zajac,  Analytical  Division,  Amoco 
Corporation,  PO  Box  400,  Naperville  IL  60566. 

Laser  patterning  processes  which  use  comparatively 
low  laser  intensities  are  of  interest  for 
applications  requiring  masks,  or  involving 
thermally  sensitive  devices.  We  have  studied  such 
a  process  involving  the  indirect  control  of 
tungsten  chemical  vapor  deposition  on  a-Si:H  by 
laser  modification  of  the  native  oxide.  The 
process  has  potential  for  use  in  the  fabrication 
of  active  matrix  flat  panel  displays. 

Excimer  laser  pulses,  of  wavelengths  193,  248  and 
308  nm,  and  fluences  of  approximately  100  mJ/cm2, 
were  shown  to  causs  slight  growth  of  the  native 
oxide  on  a-Si:H,  and  XPS  studies  of  the  effect 
will  be  described.  The  oxide  growth  was  sufficient 
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to  inhibit  the  reaction  of  WF6  with  the  underlying 
silicon,  thereby  inhibiting  tungsten  growth  on  the 
regions  exposed  to  the  laser.  Conditions  under 
which  patternability  was  achieved  will  be 
discussed. 

B6.7 

WAVELENGTH-DEPENDENT  AREA  SELECTIVITY  IN  PHOTO¬ 
CHEMICAL  VAPOR  DEPOSITION  OF  ALUMINUM  FILMS. 
Mitsugu  Hanabusa  and  Masashi  Ikeda,  Toyohashi 
University  of  Technology,  Tenpaku,  Toyohashi  440, 
Japan. 

We  observed  a  wavelength-dependent  thickness  pro¬ 
file  in  photodeposition  of  aluminum  thin  films 
via  photolysis  of  dimethylaluminum  hydride  by  a 
deuterium  lamp.  Under  illumination  of  the  full 
spectrum  including  the  VUV  around  160  nm  the 
deposit  was  formed  preferentially  in  illuminated 
regions,  while  such  area  selectivity  has  been 
lost  and  uniform  thickness  was  observed  even  out¬ 
side  the  illuminated  regions  when  the  VUV  was 
eliminated  by  a  proper  filter  and  the  UV  above 
about  180  nm  was  used. 

The  observed  change  in  area  selectivity  reflects 
a  shift  in  the  relative  importance  of  surface  and 
gas  phase  reactions  with  wavelengths.  With  the 
VUV,  nuclei  can  be  formed  via  surface  photolysis 
of  adsorbates  on  silicon  substrates,  while  with 
the  UV  only  such  nucleation  is  initiated  only  by 
arrival  of  photofragments  produced  in  gas  phase 
and  diffused  onto  substrate  surfaces.  Once  the 
nuclei  are  formed,  the  film  growth  continues  with 
or  without  the  VUV. 

The  observed  effect  offers  an  interesting  possi¬ 
bility  in  controlling  area  selectivity  in  various 
applications.  Also  area  selectivity  is  con¬ 
trolled  by  changing  vapor  pressures  and  substrate 
temperatures,  as  well.  In  combination  of  all 
these  we  can  take  a  full  advantage  of  photo- 
induced  processes  to  control  area  selectivity. 


B6.8 

KrF  EXCIMER  LASER  INDUCED  DEPOSITION  OF  TITANIUM 
FROM  T1CI4  R  l/uuicrdo.  M  Mcumcr  and  C.  Lavoie,  Groupc 
dcs  Couches  Minces  cl  D4partcmcni  dc  Genic  Physique,  Ecolc 
Polylechniquc,  Montreal.  Canada  H3C  3A7. 

We  have  investigated  the  deposition  of  titanium  from  T1CI4 
induced  by  KrF  excimer  ,ascr  (  X=248  nm).  Subtratcs  used  are: 
I)  glass:  2)  crystalline  silicon  for  possible  formation  of 
'.itanium  silicides  contacts;  3)  LiNb03  for  the  formation  of 

Ti:LiNb03  waveguides  (1).  When  the  laser  with  flucnccs  of  I 
mJ/pulse  is  focused,  lines  of  3  to  10  pm  with  and  1000  A  thick 
can  be  written  at  a  speed  of  3  pm/secondc  on  crystalline  silicon 
and  glass.  However,  the  low  damage  threshold  for  LiNbC>3 
requires  to  lower  the  input  energy  to  <  0,01  mJ/pulse,  thus 
reducing  the  film  thickness  to  approximately  30  Angstroms  at 

the  same  deposition  speed. 

In  order  to  understand  the  basic  mechanism  of  this  deposition 
process,  we  have  performed  a  preliminary  study  of  the  film  by 
XPS  and  SEM.  When  the  LiNbC>3  surface  is  exposed  to  10  Toit  of 
TiCU  and  then  evacuated.  XPS  shows  that  the  adsorbed  layer 
has  [Ti)/!Ct|>3  and  this  ratio  is  not  greatly  affected  when 
exposed  to  the  unfocused  laser  in  an  evacuated  cell.  This 
suggests  the  importance  of  the  gas  phase  chemistry.  Moreover, 
at  pressures  higher  than  3  Torr  of  TiCl4,  gas  phase  absorption 
leads  to  powder  formation  of  1  pm  diameter  deposited  on  the 

surface;  XPS  analysis  shows  that  their  composition  is 

f  T  i  }/I  Cl )  =  1 0.  Possible  deposition  models  based  on  this 
information  will  be  presented. 

(1)  J.Y.  Tsao  et  al.  Appl.  Phys.  Lett.  41,  359  0983). 


B6.9 

SELECTIVE  RAPID  THERMAL  CVD  OF  GERMANIUM 
D.T.  Grider.  M.C.  Ozturk,  JJ.  Wortman,  Y.  Zhong*,  North 
Carolina  State  University,  Department  of  Electrical  and  Computer 
Engineering,  Raleigh,  NC  27695-7911,  D.  Batchelor,  P.  Russell, 
Department  of  Materials  Science  and  Engineering,  Raleigh,  NC 
27695-7907. 

Selective  depositions  of  germanium  thin  films  have  been 
investigated  in  a  cold-wall  rapid  thermal  processor  using  3.0  -  8.0% 
GeH*  diluted  in  a  hydrogen  carrier  gas  at  pressures  between  1.0  to 
7.0  Torr  and  at  temperatures  up  to  575°C.  Deposition  rates 
exceeding  3500  A/min  were  obtained,  making  germanium 
compatible  with  the  throughput  requirements  placed  on  single  wafer 
manufacturing.  Germanium  growth  progresses  by  the  formation  of 
germanium  islands,  which  then  grow  both  vertically  and  laterally, 
resulting  in  a  rough  surface.  This  roughness  is  deposition 
temperature  dependent  with  smoother  films  being  deposited  at  lower 
temperatures.  Methods  of  improving  the  roughness  of  these  films 
have  been  investigated. 

Current  silicided  contacts  to  ultra  shallow  source/drain  junctions  are 
limited  by  the  ability  to  controllably  deposit  thin  metal  layers  to 
minimize  silicon  consumption.  Selectively  deposited  germanium 
films  can  be  used  in  current  MOSFET  technologies  as  a  buffer  layer 
between  refractory  metals  and  the  underlying  source/drain  regions. 
With  this  goal,  selective  tungsten  deposition  on  selective  germanium 
has  also  been  investigated. 

*  On  leave  from  Liaoning  University,  Physics  Department,  China 
B6.10 

LASER-INDUCED  LOCAL  DECOMPOSITION  OF  ADSORBED 
TUNGSTEN  FLUORINE  MOLECULES  FOR  METAL 
DEPOSITION  ON  SILICON. 

G.  Auvert,  D.  Tonneau,  Y.  Pauleau,  C.N.E.T. 
BP98, 38243, Meylan,  France. 

Decomposition  of  tungsten  hexafluoride  on  silicon 
substrates  under  cw  argon  laser  irradiation  in  the 
visible  domain  has  been  extensively  studied  in 
presence  of  various  buffer  or  reactive  gases. 
Decomposition  rate  is  found  to  be  limited  either  by  a 
mass  transport  phenomena  or  by  a  thermally  activated 
process.  It  has  been  found  that  no  photolytic 
decomposition  process  can  be  invoked  as  the  limiting 
step  in  the  decomposition  rate. 

Depending  on  the  partial  pressure  of  added  hydrogen, 
irradiation  proceeds  either  in  a  local  etching  of  the 
silicon  surface  even  through  the  native  oxide  or  in  a 
local  deposition  of  tungsten  lines  with  good  electrical 
properties.  In  the  high  pressure  domain,  deposition 
kinetics  are  consistent  with  mechanisms  invoked  in 
conventional  chemical  vapor  deposition  reactors.  A 
different  mechanism  which  appears  in  a  lower 
pressure  domain  will  be  tentatively  interpreted  in 
correlation  with  the  laser-induced  temperature. 

B6.11 

EXCIMER  LASER  INDUCED  DEPOSITION  OF  TUNGSTEN 
FROM  W I  CO) t  AND  WFh  .  B ■  RAGER  und  F.  Bachmann 
Siemens  AG,  Corp.  Production  and  Logistics  Dept. 
Otto-Hahn-Ring  6,  8000  Munich  83,  FRG . 

The  ArF  laser  induced  deposition  of  tungsten  on 
Si'surfaces  (with  native  oxide)  from  W(CO)»  and 
WF*  was  investigated  under  various  experimen¬ 
tal  deposition  conditions.  The  dependence  of 
the  deposition  rate  on  laserenergy  fluence  was 
studied.  With  en  in-situ  reflectivity  measure- 
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ment  the  growth  of  the  metallic  layer  could  be 
monitored  during  the  deposition  process.  We  find 
that  the  initial  stage  of  layer  growth  as  well 
as  the  relative  reflectivity  as  a  function  of 
deposition  time  critically  depends  on  the  laser 
fluence. 

Model  calculations  have  been  performed  to  com¬ 
pare  the  measured  reflectivity  curves  with  the 
calculated  curves . 

The  deposited  tungsten  layers  have  been  analyzed 
by  X-Ray-Photoelectron  Spectroscopy  and  Auger- 
Electron  Spectroscopy.  The  optical  constants 
have  been  determined  by  ellipsometry . 
Resistivity  values  of  about  ten  times  of  the 
bulk  value  have  been  measured  by  a  four  point 
probe . 

In  addition,  experiments  of  direct  pattern 
transfer  deposition  have  also  been  carried  out. 
The  spatial  resolution  capability  of  the  deposi¬ 
tion  process  will  be  illustrated  and  discussed. 


B6.12 

DIRECT  WRITING  OF  COPPER  LINES  USING  ND : YAG 
LASER  AND  COPPER  FORMATE  PRECURSORS .  Heinrich 
G.  Muller  and  Siegfried  Schuler,  TU  Berlin, 
Forschungsschwerpunkt  Mikroper ipherik ,  Berlin, 

FRG . 

Laser  direct  writing  techniques  have  bei  a  used 
for  depositing  copper  lines  from  water  soluble 
precursor  films  of  copper  formate.  The  deposi¬ 
tion  area  is  scanned  with  a  cw  Nd : YAG  laser 
spot.  By  this  method  writing  speeds  of  up  to  50 
mm/s  and  very  good  adhesion  on  alumina 
substrates  could  be  reached. 

The  thin  copper  lines  deposited  using  the  above 
technique  serve  as  seeds  for  further  chemical 
copper  deposition.  The  process  offers  great 
potential  for  thin  film  hybrid  interconnects. 

The  details  of  the  technique  are  discussed, 
including  the  formation  of  the  precursor  films, 
effects  of  the  substrate  surface,  influence  of 
the  precursor  film  thickness  on  seed  formation, 
and  giving  an  analysis  of  the  copper  films 
obtained. 

B7.1 

LASEF- INDUCED  FORMATION  AND  SURFACE  PROCESSING 
OF  HIGH-TEMPERATURE  SUPERCONDUCTORS.  Dieter  W, 
Paugrle ,  Angewandte  Physik,  Johannes-Ker’er- 
Ur.iversitat ,  A-4040  Linz,  Austria 

RtCcnt  results  on  the  in-si tu  deposition  of  thin 
extended  films  of  Y-Ba-Cu-0  and  Bi-Sr-Ca-Cu-0 
using  laser  sputtering  technique  are  presented. 
Surface  patterning  of  these  materials  by 
laser-induced  reduction,  metallization, 

oxidation  and  ablation  has  been  performed  with 
both  ceramic  samples  and  thin  films. 

B7 . 2 

LASER  PATTERNING  AND  ELECTRICAL  PROPERTIES  OF 
SUBMICROMETER  LINES  OF  Y-Ba-Cu-O.  .1  P  ZHeny  Q.Y. 
Ying,  H.S.  Kim,  D.T.  Shaw  and  H.S.  Kwok,  Institute  on  Superconduc¬ 
tivity.  State  University  of  New  York  at  Buffalo,  Bonner  Hall,  Buffalo, 
NY  14260 

0.6  (im-wide  lines  of  high  Tc  Y-Ba-Cu-O  have  been  fabricated  by 
direct  laser  writing  on  mirror-like  thin  films  which  were  grown  by  laser 


deposition  without  post  annealing.  The  apparatus  used  in  this  study 
consisted  of  a  single  mode  Q-switched  N'diYAG  laser.  The  laser  beam 
was  focused  to  a  diameter  of  1  iun  by  a  optical  micro-objective  lens. 
The  film  was  translated  by  two  computer-controlled  stepper  motors. 
The  laser  fluence  was  adjusted  to  slightly  above  the  ablation  threshold 
of  2  J/cm2.  The  maximum  scanning  rate  of  the  system  was  0.5  mm/sec 
and  was  limited  by  the  laser  repetition  rate  of  1  kHz. 

To  characterize  the  patterning  system,  as  well  as  the  superconducting 
film,  superconducting  microstrips  in  the  range  of  0.6-85  (jn  wide  were 
produced  with  a  length  of  100  ^m.  After  patterning,  the  Tc(R  =0) 
decrease  by  less  than  4  K  from  81  K  of  original  film  for  the  85-1.6  pm 
lines.  However,  for  the  0.6  >un  line,  Tc(R  =  0)  decrease  to  69  K.  It  is 
believed  to  be  due  to  the  finite  grain  size  of  the  Y-Ba-Cu-O  film.  All 
the  patterned  lines  showed  Jc  of  4xl06  A/cm2  at  20  K.  This  value  com¬ 
pares  favorably  with  results  using  other  patterning  techniques.  These 
patterned  lines  have  been  successfully  applied  to  the  study  of  optical 
detectors  using  Y-Ba-Cu-O  films. 

B7.3 

PULSED  EXCIMER  LASER  ABLATION  FOR  THE  DEPOSITION 
OF  YBaCuO  AND  BiSrCaCuO  COMPOUNDS  :  MATERIALS 
DISTRIBUTION  AND  STOICHIOMETRY.  C.  Fuchs  and  E. 
Fogarassy,  CRN  (IN2P3),  Laboratoire  PHASE  (UPR  n°292  du 
CNRS),  B.P.  20,  67037  Strasbourg  Cedex,  France 

Pulsed  laser  ablation  from  solid  targets  appears  to  be  a  very  convenient 
means  to  deposite  thin  films  of  a  wide  variety  of  materials  including 
recently  the  new  high  Tc  superconductor  compounds  (1). 

The  nature  and  the  relative  concentradons  of  atomic  species  and 
macroscopic  size  particles  leaving  the  irradiated  target  surface  and  their 
spatial  distribution,  which  are  at  the  origin  of  the  properties  and  quality 
of  the  deposit,  depend  on  the  various  parameters  involved  in  the  laser- 
solid  interaction. 

We  investigate,  in  this  study  the  laser  ablation  processes  for  YBaCuO 
and  BiSrCaCuO  thin  film  deposition,  using  a  pulsed  ArF  (193nm) 
excimer  laser.  The  deposition  parameters,  especially  those  which  are 
relevant  to  the  geometrical  configuration  of  the  experimental  set-up  and 
laser  irradiation  conditions  are  examined  in  details.  At  low  energy 
density  (<  0.5  J/cm*),  the  evaporation  process  appears  to  be  close  to 
thennal  equilibrium  and  characterized  by  a  broad  angular  distribution 
(-cos  8)  of  the  vaporized  target  material.  At  high  energy  density,  a 
ionized  plasma  of  elemental  species  is  generated  in  front  of  the  target 
surface  and  the  ablated  materials  are  ejected  in  a  distribution  which  is 

strongly  peaked  (~cosn  9,  n  »  1)  in  the  direction  normal  to  the  target 
surface.  The  angular  variation  of  the  stoichiometry  in  the  thin  films  are 
also  measured  and  correlated  both  on  the  thermal  emission  law  and 
plasma  expansion  dynamics.  Finally  the  origin  of  the  macroscopic 
spherical  particles  (-l^un  diameter)  which  are  ejected  with  the  atomic 
species  from  the  irradiated  target  are  discussed  on  the  basis  of  our 
experimental  results. 

(1)  See  for  example  D.  BSuerle,  Appl.  Phys.  A  48, 527,  (1989). 

B7 . 4 

laser  patternig  of  high  tc  superconducting  thin 

FILMS.  G  ,  G  .  Be  n  t  1  n  1  ,  M.  Bianco  r»l,  L.  Co  ire  r  a, 

S.  Nicol e  1 1 1 (  0 )  ,  S.  Naldinl(a),  CNR-Istituto 
LAMEL,  Via  CastagnolJ,  1,  J-4CM26  flologn^, 
Italy;  ( *)  AUR.El  S.p.A,  Via  Ca&adei,  7,  I-47U15 

Modi g 1 i ana  ,  Italy 

High  superconducting  thin  films  were  prepared 
by  laser  ablation  of  bulk  material  on  MgO  and 
SrTiO^  substrates  After  the  laser  deposition 
the  films  were  annealed  in  0-,  atmosphere  to  get 
a  sharp  resistivity  vs.  temperature  transition 
and  an  high  current  density. 

In  order  to  obtain  narrow  lines  of 


79 


superconducting  material,  the  films  were  mounted 
onto  an  X-Y  computer  controlled  stepping  stage 

and  Irradiated  with  a  pulsed  laser  beam 

focalized  on  the  sample  surface.  The 

irradiations  were  performed  under  vacuum,  inert 

or  reactive  atmosphere. 

The  patterning  efficiency  was  measured  as  a 

function  of  the  irradiation  conditions  (i.e.  the 
number  of  pulses  per  frame,  the  laser  fluence 
and  the  ambient  atmosphere)  . 

The  electrical  behaviour  of  the  patterned  film 

was  studied  as  a  function  of  line  width  for 

different  film  thicknesses  and  morphologies. 

B7 . 5 

TUNABLE  UV  LASER  DECOMPOSITION  OF  CAS  PHASE  AND 
SURFACE  ADSORBED  ORGANOMETALL1CS 
Thomas  Beuermann,  Yanping  Zhang,  Michael  Stuke 
Max-Planck-Institut  fur  biophysikalische  Chemie,  P.0.  2841, 

D-3400  Gottingen,  F.R.  Germany 

The  metal  alkyls  trimethylaluminum  (TMA),  trimethylgallium  (TMG)  and 
trimethylindium  (TMI)  are  decomposed  by  tunable  UV  laser  light  in  the 
range  200  -  320  nm  with  collision-free  product  detection  by  laser  mass 
spectroscopy  using  short  and  ultrashon  laser  pulses.  In  the  gas  phase,  these 
compounds  decompose  via  a  one-photon  process  in  the  wavelength  region 
studied.  Using  ultrashon  laser  pulses  of  1  ps  duration,  unstable 
photoproducts  like  A1(CH3>2,  Ga(CH3)2  and  In(CH3>2  are  detected  with 
good  signal  to  noise  ratio,  whereas  they  are  not  seen  with  ns  laser  sources. 
The  photolysis  laser  wavelength  dependence  of  the  yields  of  atomic  and 
molecular  photofragments  will  be  given.  As  a  surprising  result  metal  atoms 
Al,  Ga  and  In  are  formed  already  at  lower  photon  energies  than  the  metal- 
monomethyl  radicals  AICH3,  GaCH3  and  InCH3.  A  mechanism, 
explaining  the  photolysis  of  trimethyl  compounds  of  group  III  elements,  is 
presented.  Results  on  the  tunable  UV  laser  photoproduct  distribution  from 
surface  adsorbed  organometallics  indicate,  that  some  photoproducts  are 
formed  at  lower  threshold  photon  energy  compared  to  the  gas  phase.  A 
comparison  between  decomposition  pathways  of  gas  phase  and  surface 
adsorbed  organometallics  will  be  attempted. 

B7.6 

LOU  TEMPERATURE  INTERLEVEL  SiOj-LAYERS  BY  PH0T0INDUCED  PRO¬ 
CESSING.  H-  Siqaund,  A.  Kluipp  and  G.  Springholz.  Fraunhofer- 
Institute  for  Solid  State  Technology,  Paul-Gerhardt-Al lee  42, 
8000  MUnchen  60 


Deposition  of  S102  frot  tetraethoxysi lane  (TE0S)  by  LPCVD  and 
recently  also  by  PECVD  has  becoae  very  conveniently  as 
interlevel  dielectric  because  of  better  step  coverage 
properties  of  the  files  than  corresponding  files  deposited  froa 
silane.  Yet  for  low  teeperature  planarizing  (<  400°C)  SlOj 
layers  eultistep  processing  scheaas  such  as  deposlt-etch- 
deposit  by  alternating  plasaa  and  theraal  CVD  (TEOS  +  O3)  are 
necessary  to  obtain  the  desired  planarized  profiles.  Process 
flows  are  then  aore  coaplax  and  throughput  is  reduced. 


We  studied  photolnduced  polyaerlzatlon  reactions  of  TEOS  In 
order  to  deposit  poly-*l loxane  layers  with  suitable  viscosity 
properties  and  layer  thicknesses.  Dependent  on  the  topological 
properties  of  the  IC  surface  the  viscosity  and  the  f  i  Is  thicknass 
can  be  controlled  by  the  deposition  paraaeters,  so  that 
dlffarant  planarizing  propertlas  (step  angla,  step  coverage) 


say  be  adjusted.  In  a  second  processing  step  the  poly-siloxane 
layers  are  then  transforaed  in  a  coabined  theraal/photolytical 
or  theraal/plasaa  treataent  to  S102.  Typical  exanples  for  the 
planarizing  properties  of  these  techniques  as  IC  interlayer 
dielectrics  are  presented.  The  physical  and  electrical  proper¬ 
ties  (stress,  etch  rate,  breakdown  voltage)  of  these  dielectric 
layers  are  given.  These  results  are  obtained  with  an  experi- 
■sntai  aultichaaber  equipment. 

B7.7 

PHOSPHORUS  DOPING  INTO  SILICON  USING  ArF 
EXCIMER  LASER  .  A.  Slaoui.  F.  Foulon,  E.  Fogarassy  and 
P,  SifTert,  Laboratoire  PHASE  (UPR  du  CNRS  n°292),  CRN, 
23  rue  du  Loess,  67037  Strasbourg  Cedex,  France. 

Chemical  doping  of  single  -  crystal  Si  in  a  PF5  atmosphere  is 
performed  by  irradiation  with  an  ArF  laser  at  193  nm.  We 
have  investigated  the  dependence  of  doping  parameters  - 
laser  fluence,  number  of  pulses  and  PF5  gas  pressure  -  on 
the  sheet  resistance  and  the  impurity  concentration  profiles. 
Two  kinds  of  doping,  the  doping  in  PF5  ambients  and  the 
doping  using  only  the  adsorbed  layer,  have  been  performed. 
From  these  results,  it  is  found  that  phosphorus  atoms  are 
produced  by  pyrolisis  of  physisorbed  layers  of  PF5  formed  on 
the  silicon  surface.  As  for  the  incorporation  mechanism,  it 
is  shown  that  the  process  in  mainly  diffusion  limiting. 
Electrical  characteristics  of  n+p  junctions  formed  by  this 
technique  seem  to  be  stronly  limited  by  the  presence  of  point 
defects  induced  by  laser  irradiation. 

B7.8 

ROLES  OF  GAS  PHASE  AND  SURFACE  PHOTOLYSIS  IN  LCVD  FROM 
FeJCO)^*.  _XuJU_n**  ana  J.I.  Steinfeld,  Department  of 
Chemistry,  Massachusetts  Institute  of  technology, 

Cambridge,  Massachusetts  02139. 

Laser-driven  deposition  of  metallic  thin  films  from 
gas-phase  precursors  involves  a  complex  interplay  of 
gas-phase  photodissociation  and  photolytic  and  thermal 
processes  in  the  deposited  films.  We  have  been 
investigating  these  processes  for  deposition  from  iron 
carbonyl  with  argon  fluoride  and  krypton  fluoride  excimer 
lasers,  using  profiling  XPS  and  profiling  auger  electron 
spectroscopy  to  determine  the  chemical  nature  of  the 
resulting  films.  The  deposition  is  initiated  by  one-  and 
two-photon  sequential  dissociation  of  Fe ( CO ) 5 ,  with  both 
iron  atoms  and  unsaturated  Fe ( CO ) x  fragments  depositing 
from  the  gas  phase.  Both  thermal  and  photolytic  processes 
take  place  in  the  growing  iron  film,  with  some  of  the 
carbon  and  oxygen  driven  off  in  molecular  form  and  some 
being  dissociated  to  form  carbide  and  oxide  moieties  in 
the  film.  Some  simple  mathematical  models  have  been 
developed  to  represent  the  dependence  of  growth  rate  and 
C/0  content  of  the  film  on  such  parameters  as  laser 
fluence,  laser  wavelength,  and  substrate  properties. 

"Supported  by  National  Science  Foundation,  Air  Force 
Office  of  Scientific  Research,  and  Digital  Equipment 
Corporation. 

**on  leave  from  Institute  for  Atomic  Energy  Research, 
Beijing,  People's  Republic  of  China 

B7 . 9 

ROOM  IEI1PERAIURE  PH010-0XIDA1  ION  OF  HVDRUGLNAUD  blL  ICON- 
CARBON  ALLOYS.  P  John,  I  M  Odeh,  A  Qayyum  and  J  1  B 
'.’/ilson,  Heriot-Watt  University,  Riccarton,  Edinburgh 
CH14  4AS 

Hydrogenated  amorphous  silicon-carbon  alloys,  e-Si:C:H, 
have  been  deposited  as  thin  films  on  crystalline  silicon 
Bubstrotes  from  e  capacitively  coupled  rf  discharge  in 
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silane-propane  mixtures.  Variations  in  the  silicon- 
carbon  ratios  in  the  films  were  achieved  by  altering  the 
SiH,  to  C,H„  flow  rates  at  a  substrate  temperature, 

I  =  250  -  z60°C,  and  total  pressure,  Pj  =  100  mtorr.  The 
stoichiometry  of  the  allows  was  established  by  XPS  and  the 
hydrogen  content  by  attenuated  total  reflectance  infrared 
spectroscopy. 

for  values  of  the  carbon  content,  x  -  0.3,  the  films 
oxidise  in  air  on  illumination  wittithe  collimated  output 
of  a  Xe-arc  lamp  at  an  irradiance  of  -  30mWcnT  .  Photo¬ 
oxidation  also  occurred  with  the  frequency  doubled  (257nm) 

Ar+  laser.  In  neither  experiment  did  the  measured  or 
calculated  surface  temperature  exceed  50°C. 

The  photostructural  changes  were  investigated  by  ATR 
infrared  spectroscopy.  Inductive  effects  on  the 
degenerate  Si-H  stretching  modes  were  observed  due  to 
contiguously  bound  oxygen  to  SiH  groupings.  In  contrast, 
the  structured  band  envelope  of  ?he  C-H  stretching  mode 
remains  unchanged  during  oxidation.  The  local  bonding 
environment  was  also  elucidated  by  measurement  of  the  C(1s), 

Si ( 2s )  and  Si ( 2p )  binding  energies. 

Contact  photolithography  demonstrated  a  spatial  resolution 
of  at  least  5^m  for  the  photo-oxidation  process. 

B7.10 

MECHANISM  OF  SELECTIVE  AREA  GROWTH  OF  ALUMINUM 
BY  ORGANOMETALLIC  CHEMICAL  VAPOR  DEPOSITION 
Krishnan  Raghavachari,  G.  S.  Higashi,  and  M.  L.  Sieigerwald,  AT&T 
Bell  Laboratories,  Murray  Hill,  NJ  07974 

The  pyrolysis  of  triisobutylaluminum  occurs  much  more  readily  on  the 
surface  of  A1  than  on  the  surface  of  an  oxide.  This  propensity  allows 
A1  to  be  grown  selectively  on  a  wafer  and  may  simplify  certain 
metallization  steps  in  integrated  circuit  manufacture.  For  example,  the 
filling  of  high-aspect  ratio  via  holes  for  applications  in  multilevel 
metallization  might  be  performed  using  such  an  A1  deposition  technique. 

In  this  study,  ab-initio  quantum  chemical  techniques  have  been  used  to 
elucidate  why  A1  deposition  is  more  facile  on  an  A1  surface  than  on  an 
oxide  surface.  Such  a  deposition  is  governed  principally  by  the 
activation  barrier  involved  in  a  beta-hydrogen  elimination  reaction  of  the 
organometallic  precursor  (e.g.,  triisobutylaluminum).  We  have  now 
calculated  the  transition  states  which  determine  this  activation  barrier 
for  A1  atoms  in  different  chemical  environments.  Efficient  gradient 
techniques  have  been  used  to  determine  the  geometries  of  the  transition 
states  and  the  barriers  have  then  been  obtained  by  accurate  calculations 
including  the  effects  of  electron  correlation.  Such  molecular  cluster 
calculations  show  that  the  transition  state  barrier  for  the  beta-  hydride 
elimination  reaction  increases  substantially  when  comparing  an  A1  atom 
bonded  to  other  A1  atoms  vs.  O  atoms,  explaining  the  observed  surface 
selectivity.  Detailed  analysis  of  our  results  reveals  that  the  the  relative 
beta-hydride  elimination  barriers  in  different  environments  are 
determined  principally  by  the  energetics  of  promoting  an  electron  to  the 
empty  pit-orbital  on  the  Al. 


B7.ll 

METAL  DEPOSITION  WITH  INCOHERENT  EXCIMER 

RADIATION.  Hllmar _ Esrom  and  Ulrich 

Kogelschatz*,  Asea-Brown-Boverl  AG,  Corporate 
Research  Heidelberg,  FRG  Germany,  ‘Corporate 
Research  Baden,  CH  Switzerland 

Resently  we  have  shown  /l/  that  the  Incoherent 
UV  radiation  of  a  silent  discharge  excimer 
source  is  well  suited  for  the  photolytlc 
decomposition  of  palladium  acetate  films.  The 
discharge  emits  the  second  continuum  of  the 
Xe2  excimer  peaking  at  172  nm.  Using  the  new 
excimer  source  in  a  reactor  flooded  with 
nitrogen  structured  and  large  area  palladium 
deposits  are  obtained.  The  palladium  layers 
were  reinforced  by  electroless  copper  plating. 
Palladium  deposition  rates  are  measured  as  a 
function  of  the  electrical  input  power  of  the 
silent  discharge.  It  will  also  be  shown  that 
higher  deposition  rates  can  be  obtained  in  the 
evacuated  reactor.  Also  higher  substrate 
temperatures  have  a  conciderable  influence  on 
the  deposition  rates.  The  gv*lity  of  these 
films  is  compared  to  films  obtained  with 
excimer  laser  irradiation.  With  incoherent  UV 
radiation  extremely  smooth  films  on  various 
substrates  were  obtained  while  laser  deposited 
films  are  discontinuous. 

/!/  H. Esrom, G. Wahl  and  U. Kogelschatz, 

Euro-Conf.  on  CVD,  Perpignan,  June  1989,  in 
print 
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SESSION  CJ. ; _ INTERFACES  AND  HETEROEPITAXY 

Chair:  J.  M.  Gibson 
Monday  Morning,  November  27 
Salon  A/B  (M) 

8:30  »C1.1 

ONSET  OF  GaAs  HOMOEPITAXY  AND  HETEROEPITAXY, 
D.K.  Bieqelsen,  Xerox  Palo  Alto  Research 
Center,  Palo  Alto,  CA. 

9:00  *C1 . 2 

HIGH  RESOLUTION  ION  SCATTERING  STUDIES  OF 
THIN  EPITAXIAL  FILMS,  Ruud  M.  Tromp.  IBM 
Research  Division,  T.J.  Watson  Research 
Center,  Yorktown  Heights,  NY. 

9:30  Cl. 3 

ATOMIC  STRUCTURE  OF  CaSi^/Si  INTERFACES, 
Chris  G.  Van  de  Walle.  Philips  Laboratories, 
Briarcliff  Manor,  NY. 

9:45  Cl.,  4 

THE  STRUCTURE  AND  CHEMISTRY  OF  THE  Ge/SAP- 
PHIRE  INTERFACE,  Geoffrey  P.  Malafsky  and 
David  J.  Godbey,  Naval  Research  Laboratory, 
Electronics  Division,  Washington,  DC. 

10:00  BREAK 

SESSION  C2 :  INITIAL  STAGES 
OF  HETEROEPITAXY 
Chair:  R.  Feenstra 
Monday  Morning,  November  27 
Salon  A/B  (M) 

10:30  »C2.1 

ENERGETICS  AND  ELECTRONIC  STRUCTURE  OF  GaAs 
ON  Si,  J.E.  Northrup.  Xerox  Palo  Alto 
Research  Center,  Palo  Alto,  CA. 

11:00  C2.2 

STRUCTURAL  ENERGIES  OF  ANTIPHASE  DOMAIN 
WALLS  IN  GaAs,  David  Vanderbilt  and  L.  Brey, 
Harvard  University,  Department  of  Physics, 
Cambridge,  MA. 

11:15  C2.3 

VERY  THIN  2D  GaAs  FILMS  ON  Si  DURING  THE 
EA$LY  STAGES  OF  GROWTH  BY  MBE,  D.B.  Fenner. 
Xerox  Palo  Alto  Research  Center,  Palo  Alto, 
CA,  and  Santa  Clara  University,  Physics 
Department,  Santa  Clara,  CA;  David  K. 
Biegelsen  and  B.S.  Krusor,  Xerox  Palo  Alto 
Research  Center,  Palo  Alto,  CA. 

•Invited  Paper 

Short  Courses  C-01,  "Modern  Materials 
Analysis  Techniques,"  C-14,  "Scanning 
Tunneling  Microscopy,"  C-19,  Practical 
Transmission  &  Analytical  Electron  Micros¬ 
copy-Theory,"  and  F-08 ,  "Ceramic  and  Metal 
Matrix  Composites,"  may  be  of  interest  to 
symposium  attendees.  Details  regarding 
course  dates  and  instructors  are  provided  in 
the  short  course  section  of  this  program. 


11:30  C2,4 

U  in -SCALE  LATERAL  GROWTH  OF  Ga-MONOLAYERS 
OBSERVED  IN-SITU  BY  ELECTRON  MICROSCOPY,  J, 
Osaka  and  N.  Inoue,  NTT,  LSI  Laboratories, 
Atsugi  City,  Japan. 

11:45  C2.5 

THE  INITIAL  STAGES  OF  GROWTH  OF  InSb  ON 
GaAs  (100)  BY  MBE  -  A  HIGHLY  LATTICE  MIS¬ 
MATCHED  HETEROINTERFACE,  C.J.  Kiely.  Univer¬ 
sity  of  Liverpool,  Department  of  Materials 
Science  and  Engineering,  Liverpool,  United 
Kingdom;  A.  Rockett,  University  of  Illinois 
at  Urbana-Champaign ,  Material  Sciences 
Department,  Urbana,  IL;  J-I.  Chyi  and  H. 
Morkoc,  University  of  Illinois  at  Urbana- 
Champaign,  Coordinated  Science  Laboratory, 
Urbana,  IL. 

SESSION  C3  ; _ SURFACE  STUDIES  UNDER 

GROWTH  CONDITIONS 
Chair:  R.  Tromp 

Monday  Afternoon,  November  27 
Salon  A/B  (M) 

1:30  *C3 . 1 

LOW  ENERGY  ELECTRON  MICROSCOPY  OF  ATOMIC 
SCALE  STRUCTURES  OF  SURFACES,  E.  Bauer.  M. 
Altman,  M.  Mundschau  and  w.  Swiech,  Tech- 
nische  Universitat  Clausthal,  Physikalisches 
Institut,  Gdttingen-Clausthal ,  West  Germany. 

2:00  C3.2 

THE  INITIAL  STAGES  OF  GROWTH  OF  SI  ON 
SI  (ill)  BY  SPA-LEED,  M,..  .Horn  von.  Hoegen , 
IBM  T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY;  M.  Henzler,  Universitaet  Han¬ 
nover,  Institut  fuer  Festkoerperphysik, 
Hannover ,  Germany . 

2:15  C3.3 

AUTOEPITAXY  ON  AU(lll)  STUDIED  BY  SCANNING 
TUNNELING  MICROSCOPY,  M.M.  Dovek .  C.A.  Lang, 
J.  Nogami  and  C.F.  Quate,  Stanford  Univer¬ 
sity,  Department  of  Applied  Physics,  Stan¬ 
ford,  CA. 

2:30  C3.4 

STM  OF  GOLD  ON  GRAPHITE,  P.A.  Thomas.  IBM 
Corporation,  East  Fishkill,  NY;  W.H.  Lee 
and  R.I.  Masel,  University  of  Illinois, 
School  of  Chemical  Sciences,  Chemical  En¬ 
gineering  Department,  Urbana,  IL. 

2:45  C3.5 

PHOTOEMISSION  CHARACTERIZATION  OF  THIN  FILM 
NUCLEATION  ON  INERT  SUBSTRATES,  G.  Hauastad . 
A.  Raisanen,  C.  Capri le,  X.  Yu,  G.  Ceccone 
and  A.  Franciosi,  University  of  Minnesota, 
Department  of  Chemical  Engineering  and 
Materials  Science,  Minneapolis,  MN. 

3:00  BREAK 


85 


SESSION  C4  :  HETEROINTERFACE  STRUCTURE 
Chair:  R.  Bringans 
Monday  Afternoon,  November  27 
Salon  A/B  (M) 

3:30  *C4 . 1 

MEASUREMENT  OF  THE  RELATIVE  POSITION  OF 
ADJACENT  CRYSTALS,  AND  THE  MODELLING  OF 
INTERFACIAL  STRUCTURE,  R.C.  Pond.  University 
of  Liverpool,  Department  of  Materials  Sci¬ 
ence  and  Engineering,  Liverpool,  United 
Kingdom. 

4:00  C4.2 

INTERFACE  STRAIN  AND  THE  VALENCE  BAND  OFFSET 
AT  THE  LATTICE  MATCHED  In0  53Ga0  47As/InP 
INTERFACE,  Mark  S.  Hvbertsen .  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ. 

4:15  C4.3 

STRUCTURAL  STUDIES  OF  EPITAXIAL  METAL  SEMI¬ 
CONDUCTOR  INTERFACES  USING  TRANSMISSION 
ELECTRON  SCATTERING,  D.  Loretto ■  J.M.  Gibson 
and  N.  Chand,  AT&T  Bell  Laboratories,  Murray 
Hill,  NJ;  and  S.M.  Yalisove,  University  of 
Michigan,  Department  of  Materials  Science 
and  Engineering,  Ann  Arbor,  MI. 

4:30  C4.4 

HIGH-RESOLUTION  IMAGING  OF  THE  INTERFACES 
BETWEEN  GaAs  AND  CoGa  AND  ErAs,  Jane  G.  Zhu 
and  Stuart  McKernan,  Cornell  University, 
Department  of  Materials  Science  and  En¬ 
gineering,  Ithaca,  NY;  Chris  J.  Palmstrpm, 
Be’  .ore.  Red  Bank,  NJ;  and  C.  Barry  Carter, 
Cornell  University,  Department  of  Materials 
Science  and  Engineering,  Ithaca,  NY. 

4:45  C4 -  5 

PLAN-VIEW  CBED  STUDIES  OF  Ni0-Zr02(  CaO ) 
INTERFACES,  Vinavak  P.  Dravid.  Michael  R. 
Notis  and  Charles  E.  Lyman,  Lehigh  Univer¬ 
sity,  Department  of  Materials  Science  and 
Engineering,  Bethlehem,  PA;  A.  Revcolevschi , 
Universite  de  Paris-Sud,  Lab.  de  Chimie  des 
Solides,  Orsay,  France. 

SESSION  C5: _ ENCAPSULATED  SURFACES 

Chair:  J.  M.  Gibson 

Tuesday  Morning,  November  28 
Salon  A/B  (M) 

8:30  *C5. 1 

INTERFACIAL  SUPERSTRUCTURES  STUDIED  BY 
GRAZING  INCIDENCE  X-RAY  DIFFRACTION,  Koichi 
Akimoto.  Jun'ichiro  Mizuki,  Ichiro  Hirosawa 
and  Junji  Matsui,  NEC  Corporation,  Fundamen¬ 
tal  Research  Laboratories,  Ibaraki ,  Japan. 

9:00  C5.2 

DIRECT  OBSERVATION  OF  A  7X7  SUPERSTRUCTURE 
BURIED  AT  THE  AMORPHOUS-Si/Si  (111)  INTER¬ 
FACE,  Akira  Sakai ,  Toru  Tatsumi  and  Koichi 
Ishida,  NEC  Corporation,  Fundamental  Re¬ 
search  Laboratories,  Ibaragi ,  Japan. 


9 : 15  C5 . 3 

TOPOGRAPHY  OF  Si (111):  CLEAN  SURFACE  PREPAR¬ 
ATION  AND  SILICON  MOLECULAR  BEAM  EPITAXY, 
R.T.  Tuna.  D.J.  Eaglesham  and  F.  Schrey, 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ. 

9:30  C5..4 

STRUCTURE  AND  COMPOSITION  OF  LIQUID/SOLID 
INTERFACES  BY  ION  CHANNELING,  M.M. 
Karmarkar,  Ray  Twesten  and  K.R.  Padmanabhan . 
Wayne  State  University,  Department  of  Phys¬ 
ics  and  Astronomy,  Detroit,  MI. 

9:45  C5.5 

ELECTRONIC  AND  ATOMIC  PROPERTIES  OF  THE  a- 
C:H/Ge  INTERFACE,  M.  Wittmer.  IBM,  T.J. 
Watson  Research  Center,  Yorktown  Heights, 
NY;  D.  Ugolini  and  P.  Oelhafen,  University 
of  Basel,  Institute  of  Physics,  Basel, 
Switzerland. 

10:00  BREAK 

SESSION  C6 :  SCANNING  TUNNELING  _.MICROSC.QPY 
Chair:  R.  Feenstra 
Tuesday  Morning,  November  28 
Salon  A/B  (M) 

10:30  *C6 . 1 

SEMICONDUCTOR  INTERFACE  ELECTRONIC  STRUCTURE 
INVESTIGATION  BY  BALLISTIC-ELECTRON-EMISSION 
MICROSCOPY,  L.D.  Bell,  M.H.  Hecht ,  F.J. 
Grunthaner  and  William  J.  Kaiser,  California 
Institute  of  Technology,  Jet  Propulsion 
Laboratory,  Pasadena,  CA. 

11:00  *C6.2 

T.E.M.  IMAGING  OF  AN  OPERATING  S.T.M.  STRAIN 
EFFECTS  OF  S.T.M. ,  J.C.H.  Spence,  Arizona 
State  University,  Department  of  Physics, 
Tempe,  AZ. 

11:30  C6.3 

SLIDING  PLANES  MODEL  FOR  STM  IMAGING,  John 
D.  Todd  and  John  B.  Pethica,  University  of 
Oxford,  Department  of  Metallurgy  and  Science 
of  Materials,  Oxford,  United  Kingdom. 

11:45  C6.4 

THE  FORMATION  OF  Si ( 111 ) lxl-Cl ,  John  J. 
Boland  and  J.S.  Villarrubia.  IBM,  T.J. 
Watson  Research  Center,  Yorktown  Heights, 
NY. 

SESSION  C7 :  PROBES  OF  CHEMISORBED,? AYERS 
Chair:  W.  Kaiser 

Tuesday  Afternoon,  November  28 
Salon  A/B  (M) 

1:30  *C7 . 1 

ATOMICALLY-RESOLVED  SURFACE  PHOTOVOLTAGE 
MEASUREMENTS  BY  OPTICALLY-EXCITED  SCANNING 
TUNNELING  MICROSCOPY,  R.J.  Hamers  and  K.M. 
Markert,  IBM,  T.J.  Watson  Research  Center, 
Yorktown  Heights,  NY. 


86 


2:00  C7.2 

PHOTOREFLECTANCE  STUDIES  OF  ADSORPTION- 
INDUCED  CHANGES  IN  SURFACE  STATES  ON 
GaAs(lOO),  S.  Sheu,  K.  Schultz  and  E.G. 
Seebauer .  University  of  Illinois,  Urbana, 
Dept,  of  Chemical  Engineering,  Urbana,  IL. 

2:15  C7-3 

THE  FIRST  MONOLAYERS  OF  Sb  ON  III-V-SEMICON- 
DUCTORS  STUDIED  BY  LIGHT  SCATTERING,  Michael 
Hiinermann  and  Jean  Geurts,  RWTH  Aachen, 
Aachen,  West  Germany;  Wolfgang  Richter. 
Institut  fur  Festkorperphysik,  Berlin,  West 
Germany. 

2:30  C7.4 

STRUCTURAL  AND  ELECTRONIC  CHARACTERIZATION 
OF  METAL-ON-METAL  INTERFACES,  G.  Vidali .  P. 
Dowben  and  C.W.  Hutchings,  Syracuse  Univer¬ 
sity,  Physics  Department,  Syracuse,  NY. 

2:45  C7.5 

KINETICS  OF  BISMUTH  OVERLAYER  FORMATION  ON 
GaAs(llO)  STUDIED  USING  LOW  ENERGY  ELECTRON 
DIFFRACTION  AND  TIME  DEPENDENT  MONTE  CARLO 
SIMULATION,  S.L.  Chang.  T.  Guo,  W.K.  Ford, 
A.  Bowler  and  E.S.  Hood,  Montana  State 
University,  Advanced  Materials  Center, 
Department  of  Physics  and  the  Department  of 
Chemistry,  Bozeman,  MT. 

3:00  C7.6 

IDEALLY  HYDROGEN  TERMINATED  Si (111)  SURFACES 
PREPARED  USING  HF  ACID  SOLUTIONS:  PRODUCTION 
OF  PERFECT  CRYSTAL  TERRACES?,  G.S.  Higashi. 
Y.J.  Chabal,  G.w.  Trucks  and  Krishnan 
Raghavachari ,  AT&T  Bell  Laboratories,  Murray 
Hill,  NJ.' 

3:15  BREAK 

SESSION  C8 :  MOLECULAR  DYNAMICS 
Chair:  J.  Northrup 
Tuesday  Afternoon,  November  28 
Salon  A/B  (M) 

3:30  *C8 . 1 

MOLECULAR  DYNAMICS  STUDIES  OF  INTERFACE 
FORMATION  DURING  THIN  FILM  GROWTH,  George  H. 
Gilmer  and  Marcia  H.  Grabow,  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ;  Aloysius  F. 
Bakker,  Delft  Technical  University,  Applied 
Physics  Department,  Delft,  The  Netherlands. 

4:00  C8.2 

A  MOLECULAR  DYNAMICS  STUDY  OF  WATER-Pt 
INTERFACE,  K.  Foster,  K.  Raghavan  and  M. 
Berkowitz ,  University  of  North  Carolina, 
Department  of  Chemistry,  Chapel  Hill,  NC. 

4:15  C8.3 

NON-EQUILIBRIUM  MOLECULAR  DYNAMICS  SIMULA¬ 
TION  OF  THE  RAPID  SOLIDIFICATION  OF  METALS, 
Cliff  F.  Richardson  and  Paulette  Clancy. 
School  of  Chemical  Engineering,  Cornell 
University,  Ithaca,  NY. 


4:30  C8.4 

PROPAGATION  AND  STABILITY  OF  MONATOMIC  STEPS 
ON  THE  SI (001)  SURFACE  DURING  MOLECULAR-BEAM 
EPITAXY,  S.  Clarke.  M.R.  Wilby  and  D.D. 
Vvedensky,  Imperial  College,  The  Blackett 
Laboratory  and  Semiconductor  Materials  IRC, 
London,  United  Kingdom. 

4:45  C8.5 

A  NEW  DEFECT  ON  THE  RECONSTRUCTED  Si (100) 
SURFACE;  AN  AB  INITIO  MOLECULAR-DYNAMICS 
STUDY,  Sigeo  Ihara  and  Shi  Lun  Ho,  Hitachi 
Ltd.,  Central  Research  Laboratory,  Tokyo, 
Japan;  Tsuyoshi  Uda  and  Masahiko  Hirao, 
Hitachi  Ltd,  Advanced  Research  Laboratory, 
Tokyo,  Japan. 

SESSION  C9 ;  POSTER  SESSION 
ATOMIC  SCALE  STRUCTURE  OF  INTERFACES 
Chair:  R.  Bringans 
Tuesday  Evening,  November  28 
7:00  p.m.  -  10:00  p.m. 

America  Ballroom  (W) 

C9.1  ELECTRONIC  AND  ATOMIC  STRUCTURES  OF 
SILICIDE/Si  CONTACT  SYSTEMS  STUDIED  BY  SXS, 
H.  Watabe,  Matsuhita  Electric  Industrial 
Co.,  Ltd.,  Osaka,  Japan;  M.  Iwami .  M.  Hirai 
and  M.  Kusaka,  Okayama  University,  Faculty 
of  Science,  Research  Laboratory  for  Surface 
Science,  Okayama,  Japan;  H.  Nakamura,  Osaka 
Electro-Communication  University,  Osaka, 
Japan. 

C9.2  COMPACT  AND  HIGH-RESOLUTION  ION 
BACKSCATTERING  ANALYSIS  SYSTEM,  CHIRIBAS, 
Kido.  I.  Konomi,  A.  Kawano  and  J.  Kawamoto, 
Toyota  Central  R&D  Laboratories,  Inc., 
Aichi-ken,  Japan. 

C9.3  TEMPERATURE  DEPENDENT  CURRENT-VOL¬ 
TAGE  CHARACTERISTICS  IN  THIN  Si02  FILMS,  Jin 
Zhao  f  New  Jersey  Institute  of  Technology, 
Microelectronics  Center,  Electrical  En¬ 
gineering  Department,  Newark,  NJ;  N.M. 
Ravindra,  New  Jersey  Institute  of  Technol¬ 
ogy,  Microelectronics  Center,  Physics  De¬ 
partment,  Newark,  NJ. 

C9.4  SPECTROSCOPIC  ELLI PSOMETR Y  AS  A  NON¬ 
DESTRUCTIVE  TECHNIQUE  FOR  CHARACTERIZATION 
OF  ATOMIC-SCALE  INTERFACES  IN  MULTI-LAYER 
STACKS,  J.L.  Stehle,  J.H.  Lecat.  J.P.  Piel, 
SOPRA,  Bois-Colombes,  France;  L.C.  Hammond, 
ARIES/QEI ,  Concord,  MA. 

C9 . 5  ADSORPTION  AND  TRIBOCHEMICAL  REAC¬ 
TIONS,  W.M.  Mullins.  Purdue  University, 
School  of  Materials  Engineering,  West  Lafay¬ 
ette,  IN;  T.E.  Fischer,  Stevens  Institute  of 
Technology,  Department  of  Materials  Science 
and  Engineering,  Hoboken,  NJ. 


C9.6  DIRECT  REAL  SPACE  IDENTIFICATION  OF 
THE  PRODUCTS  OF  A  SURFACE  CHEMICAL  REACTION 
USING  SCANNING  TUNNELING  MICROSCOPY,  John  J. 
Boland  and  J.S.  villarrubia,  IBM,  T.J. 
Watson  Research  Center,  Yorktown  Heights, 
NY. 

C9.7  DISCRIMINATION  OF  ATOMS  ON  THE 
SURFACE  OF  A  TWO  DIMENSIONAL  SOLID  SOLUTION 
WITH  SCANNING  TUNNELING  MICROSCOPY,  B.A. 
Parkinson .  E.  I.  duPont  de  Nemours  &  Co., 
Inc.,  Central  Research  and  Development 
Department,  Wilmington,  DE. 

C9.8  A  RAMAN  SCATTERING  STUDY  OF  INTER¬ 
FACE  ROUGHNESS  IN  SMALL  PERIOD  GaAs/AlAs 
SUPERLATTICES,  Daniel  Gammon.  B.V. 
Shanabrook  and  W.  Tseng,  Naval  Research 
Laboratory,  Washington  DC. 

C9.9  BISMUTH/InSb( 110 )  INTERFACE  STUDIED 
USING  LOW-ENERGY  ELECTRON  DIFFRACTION,  L. 
Guo  and  W.K.  Ford,  Montana  State  University, 
Advanced  Materials  Center  and  the  Department 
of  Physics,  Bozeman,  MT. 

C9.10  UNDERSTANDING  THE  INFLUENCE  OF 
INTERFACE  PROPERTIES  AND  DEPOSITION  PARAMET¬ 
ERS  ON  THE  SELECTIVE  GROWTH  OF  (100)  AND 
(110)  CoGa  FILMS  ON  (100)GaAs,  Young  K.  Kim, 
Delrov  A.  Bauah  and  R.  Stanley  Williams, 
University  of  California,  Department  of 
Chemistry  and  Biochemistry,  Los  Angeles,  CA. 

C9.ll  OBSERVATION  OF  HETEROEPITAXIALLY 
GROWN  ORGANIC  ULTRATHIN  LAYERS  ON  INORGANIC 
SUBSTATES  BY  IN-SITU  RHEED  AND  UHV  STM, 
Masahiko  Kara.  Hiroyuki  Sasabe,  Akira  Yamada 
and  Anthony  F.  Garito,  The  Institute  of 
Physical  and  Chemical  Research,  Riken  In¬ 
stitute,  Frontier  Research  Program,  Saitama, 
Japan. 

C9.12  A  NOVEL  COMPUTATIONAL  METHOD  FOR 
EPITAXIAL  ENERGY  ON  AN  INCOMMENSURATE  AND/OR 
COMMENSURATE  INTERFACE,  Sun  M.  Paik  and  Ivan 
K.  Schuller,  University  of  California,  San 
Diego,  Physical  Department,  La  Jolla,  CA. 

C9.13  FULL  POTENTIAL,  LMTO  CALCULATION  OF 
TiC  FRACTURE,  D.L.  Price  and  B.R.  Cooper, 
West  Virginia  University,  Department  of 
Physics,  Morgantown,  WV. 

C9.14  COMPARISON  OF  SURFACE  ATOMIC  GEOME¬ 
TRIES  OF  TETRAHEDRALLY  COORDINATED  COMPOUND 
SEMICONDUCTORS  WITH  THOSE  OF  RUTILE  STRUC¬ 
TURE  OXIDES,  Charles  B.  Duke  and  Michael  R. 
Thompson .  Pacific  Northwest  Laboratory, 
Richland,  WA. 


C9.15  A  CYCLIC-CLUSTER  MINDO/3  COMPUTATION 
OF  THE  RELAXED  EQUILIBRIUM  STRUCTURE  AND 
VIBRATIONS  OF  THE  HYDROGENATED  SILICON  (111) 
SURFACE,  Peter  Deak,  Physical  Institute  of 
the  Technical  University  of  Budapest  Hun¬ 
gary,  Budapest,  Hungary;  Lawrence  C.  Snvder. 
State  University  of  New  York  at  Albany, 
Chemistry  Department,  Albany,  NY;  Carlos  0. 
Rodrigues,  State  University  of  New  York  at 
Albany,  Physics  Department,  Albany,  NY. 

C9.16  STRUCTURAL  AND  ELECTRONIC  PROPERTIES 
OF  SEMICONDUCTOR-METAL  AND  SEMI CONDUTOR- IN¬ 
SULATOR  INTERFACES  AT  MONOLAYER  COVERAGE, 
Stef ano  Ossicini .  C.  Arcangeli  and  O.  Bisi, 
University  di  Modena,  Dipartimento  di  Fisi- 
ca,  Modena,  Italy. 

C9.17  CALCULATIONS  FOR  MERCURY  ADSORPTION 
ON  COPPER,  M.  Karimi.  Utica  College,  Physics 
Department,  Utica,  NY;  G.  vidali,  Syracuse 
University,  Physics  Department,  Syracuse, 
NY. 

C9.18  DOUBLE  CRYSTAL  X-RAY  DIFFRACTION 
MEASUREMENT  OF  A  TRICLINICLY  DISTORTED  AND 
TILTED  AljjGai.jjAs  UNIT  CELL  PRODUCED  BY 
GROWTH  ON  OFFCUT  GaAs  SUBSTRATES ,  A. 
T.eiberi  ch  and  J.  Levkoff,  AT&T  Bell 
Laboratories,  Engineering  Research  Center, 
Princeton,  NJ. 

C9.19  A  MECHANISM  FOR  SOLUTE  SEGREGATION 
TO  GRAIN  BOUNDARIES,  Chu  Youvi  and  Zhang 
Sanhong,  The  Nonferrous  Metals  Society  of 
China,  Beijing,  China. 

C9.20  PHASE  DIAGRAMS  AND  PHASE  TRANSFORMA¬ 
TIONS  FOR  GRAIN  BOUNDARIES  IN  HEXAGONAL 
CLOSE  PACKED  METALS,  Kisoo  Shin  and  A.H. 
King,  State  University  of  New  York  at  Stony 
Brook,  Department  of  Materials  Science  and 
Engineering,  Stony  Brook,  NY. 

C9.21  STRUCTURE  OF  PURE  TILT  AND  TWIST 
BOUNDARIES  GENERALIZATION  AND  COMMENTS  ON 
THE  STRUCTURAL  UNIT  MODEL,  M.  Khantha  and  V. 
Vitek,  University  of  Pennsylvania,  Depart¬ 
ment  of  Materials  science  and  Engineering, 
Philadelphia,  PA. 

C9.22  HIGH-RESOLUTION  ELECTRON  MICROSCOPY 
OF  OLIVINE-MAGNETITE  INTERFACES,  Stuart 
McKernan  and  c.  Barry  Carter,  Cornell 
University,  Department  of  Materials  Science 
and  Engineering,  Ithaca,  NY;  Daniel  Ricoult, 
Corning-Europe,  Avon,  France;  A.G.  Cullis, 
Royal  Signals  and  Radar  Establishment, 
Worcs,  United  Kingdom. 

C9.23  ATOMIC  SCALE  STRUCTURE  OF  TWIN 
BOUNDARY  IN  Y-Ba-Cu-0  SUPERCONDUCTOR,  1^. 
Zhu .  M.  Suenaga  and  Youwen  Xu,  Brookhaven 
National  Laboratory,  Upton,  NY;  M.  Kawasaki, 
Jeol  USA,  Inc.,  Peabody,  MA. 


C9.24  STRUCTURAL  STUDIES  OF  A  TYPICAL 
LAYERED  SEMICONDUCTOR  (S4In2Zn)  USING  HIGH 
RESOLUTION  ELECTRON  MICROSCOPY  AND  CONVER¬ 
GENT  BEAM  ELECTRON  DIFFRACTION,  Dwight  R. 
Acosta ,  Universidad  Nacional  Autdnoma  de 
Mexico,  Instituto  de  Fisica,  Mexico,  M6xico; 
Mauro  Briceno,  Universidad  de  Los  Andes, 
Facultad  de  Ciencias,  M6rida,  Venezuela. 

C9.25  EFFECT  OF  B,  C,  P  AND  S  ON  INTER¬ 
GRANULAR  COHESION  IN  IRON,  Genrich  T,. 
Krasko.  U.S.  Army  Materials  Tech.  Lab, 
Metals  Research  Branch,  Watertown,  MA;  G.B. 
Olson,  Northwestern  University,  Department 
of  Materials  Science  and  Engineering,  Evans¬ 
ton,  IL. 

C9.26  MODELING  OF  NANOPHASE  CONNECTIVITY 
IN  SUBSTANCE-VOID  COMPOSITE  BY  OBLIQUE 
DEPOSITION,  Tomovoshi  Motohiro.  S.  Noda,  A. 
Isogai  and  0.  Kamigaito,  Toyota  Central 
Research  and  Development  Laboratories,  Inc., 
Research  Division  IV,  Materials  Science  Lab, 
Aichi-ken,  Japan. 

C9.27  DEFECT  EVOLUTION  IN  Al/Cu  AND  Al/Ni 
BILAYERS  DURING  ANNEALING,  Bent  Nielsen . 
S.M.  Heald,  K.G.  Lynn,  E.  Barrera  and  J. 
Jayanetti,  Brookhaven  National  Laboratory, 
Upton,  NY;  W.  Triftshatiser ,  universitet  der 
Bundswehr,  Neubiberg,  West  Germany. 

C9.28  NANOLAYER  REACTIONS  IN  ALUMINUM- 
METAL  INTERFACES,  E.V.  Barrera.  M.W.  Ruckman 
and  S.M.  Heald,  Brookhaven  National  Labora¬ 
tory,  Upton,  NY. 

C9.29  INTERFACIAL  STRUCTURE  OF  Er203 
PRECIPITATES  IN  TITANIUM  AND  Ti-37A1,  Daniel 
S .  Schwartz  and  Shankar  M.L.  Sastry,  McDon¬ 
nell  Douglas  Research  Laboratories,  St. 
Louis,  MO;  P.  Fraundorf,  University  of 
Missouri-St.  Louis,  Physics  Department,  St. 
Louis,  MO. 

C9.30  HIGH-RESOLUTION  ELECTRON  MICROSCOPY 
OF  INTERFACES  IN  A1N-BRAZE  METAL  ALLOY 
SYSTEMS,  A.H.  Carim.  University  of  New 
Mexico,  Center  for  Micro-Engineered  Ceramics 
and  Department  of  Chemical  and  Nuclear  En¬ 
gineering,  Albuquerque,  NM. 

C9.31  ATOMIC  STRUCTURE  OF  CRYSTALLINE 
BORON  NITRIDE  INTERFACES  WITH  CERAMIC  SUB¬ 
STRATES,  L.F.  Allard.  Oak  Ridge  National 
Laboratory,  High  Temperature  Materials 
Laboratory,  Oak  Ridge,  TN;  A.K.  Datye  and 
R.T.  Paine,  University  of  New  Mexico,  Center 
for  Micro-Engineered  Ceramics,  Albuquerque, 
NM. 


C9.32  SIMULATION  AND  QUANTIFICATION  OF 
HIGH  RESOLUTION  Z-CONTRAST  IMAGING  OF  SEMI¬ 
CONDUCTOR  INTERFACES,  David  E.  Jesson .  S.J. 
Pennycook  and  M.F.  Chisholm,  Oak  Ridge 
National  Laboratory,  Solid  State  Division, 
Oak  Ridge,  TN. 

C9.33  SIMULATED  IMAGE  MAPS  FOR  USE  IN 
EXPERIMENTAL  HIGH-RESOLUTION  MICROSCOPY, 
M.A.  O'Keefe  and  U.  Dahmen,  University  of 
California  at  Berkeley,  Lawrence  Berkeley 
Laboratory,  National  Center  for  Electron 
Microscopy,  Berkeley,  CA. 

C9.34  LAYER  CONTRAST  IN  InAs/GaAs  SUPER¬ 
LATTICES  STUDIED  BY  TEM,  C.J.  Kielv.  Univer¬ 
sity  of  Liverpool,  Department  of  Materials 
Science  and  Engineering,  Liverpool,  United 
Kingdom;  K.C.  Hseih,  University  of  Illinois 
at  Urbana-Champaign,  Department  of  Elec¬ 
trical  Engineering,  Urbana,  IL;  A.  Rockett, 
University  of  Illinois  at  Urbana-Champaign, 
Department  of  Materials  Science,  Urbana,  IL. 

C9.35  ATOMIC  STRUCTURE  OF  DISLOCATIONS  AND 
INTERFACES  IN  SEMICONDUCTOR  HETEROSTRUC¬ 
TURES,  J .  Naravan .  North  Carolina  State 
University,  Department  of  Materials  Science 
and  Engineering,  Raleigh,  NC. 

C9.36  PLATINUM  SILICIDES  FORMED  BY  RAPID 
THERMAL  PROCESSING  FOR  SCHOTTKY  BARRIERS, 
D .  I .  Zarovski .  V.E.  Borisenko,  Minsk 
Radioengineering  Institute,  Minsk,  USSR. 

C9.37  XPS  ANALYSIS  OF  THE  CHEMISTRY  OF  THE 
SAPPHIRE  SURFACE  AS  A  FUNCTION  OF  HIGH 
TEMERATURE  VACUUM  ANNEALING,  Eliezer  Dovid 
Richmond .  Naval  Research  Laboratory, 
Washington,  DC. 

C9.38  INFLUENCE  OF  PLASTICITY  IN  ADHESIVE 
BOND  STRENGTH  MEASUREMENTS  USING  SHOCK 
WAVES,  Gerald  L.  Nutt  and  William  Lai, 
Lawrence  Livermore  National  Laboratory, 
Livermore,  CA;  and  Kenneth  E.  Froschner, 
Martin,  Froschner  and  Associates,  Livermore, 
CA. 

C9.39  ORIGIN  OF  ATOMIC  RESOLUTION  IN 
SCANNING  TUNNELING  MICROSCOPY,  C.  Julian 
Chen,  IBM  T.J.  Watson  Research  Center, 
Yorktown  Heights,  NY. 

C9.40  X-RAY  REFLECTIVITY  STUDIES  OF  THE 
Si(001)/Si0x  INTERFACE,  T . A.  Rabedeau.  I.M. 
Tidswell,  P.S.  Pershan,  Harvard  University, 
Department  of  Physics  and  Division  of 
Applied  Sciences,  Cambridge,  MA;  J.  Bevk, 
B.S.  Freer,  AT&T  Bell  Laboratories,  Murray 
Hill,  NJ;  and  A.  Ourmazd,  AT&T  Bell  Labora¬ 
tories,  Holmdel,  NJ. 


SESSION  CIO!  SI LIC IDE  INTERFACE 
REACTIONS  AND  STRUCTURE 
Chair:  R.  Pond 

Wednesday  Morning,  November  29 
Salon  A/B  (M) 

8:30  *C10.1 

INTERFACE  STRUCTURES  AND  THEIR  DEFECTS  IN 
CoSi2/Si:  DISLOCATIONS,  DISCLINATIONS  AND  A 
THIN-FILM  PHASE  TRANSFORMATION,  David  J. 
Eaalesham.  R.T.  Tung,  S.M.  Yalisove,  R.L. 
Headrick  and  I.K.  Robinson,  AT&T  Bell  Labor¬ 
atories,  Murray  Hill,  NJ. 

9:00  CIO. 2 

ATOMIC  STRUCTURES  AT  CoSi  2/Si  ( 111 )  AND 
CoSi/si ( 111 )  INTERFACES,  A.  Catana  and  P.E. 
Schmid,  Swiss  Federal  Institute  of  Tech¬ 
nology,  Department  of  Applied  Physics,  Lau¬ 
sanne,  Switzerland;  P.  Stadelmann,  Swiss 
Federal  Institute  of  Technology,  Department 
of  Electron  Microscopy,  Lausanne,  Switzer¬ 
land. 

9 ; 15  CIO. 3 

MICROSTRUCTURAL  ASPECTS  OF  AMORPHOUS  NICKEL 
SILICIDE  FORMATION  IN  EVAPORATED  Ni-Si 

MULTILAYERS,  Karen _ Holloway.  IBM,  T.J. 

Watson  Research  Ctr.,  Yorktown  Heights,  NY. 

9:30  CIO. 4 

NUMERICAL  AUGER  LINESHAPE  ANALYSIS  OF  PHASE 
FORMATION  IN  NI/SI(111),  J.R.  Butler,  X. 
Tong  and  P . A .  Bennett .  Arizona  State  Univer¬ 
sity,  Department  of  Physics,  Tempe,  A2. 

9:45 

X-RAY  ABSORPTION  STUDIES  OF  TITANIUM  SILI¬ 
CIDE  FORMATION  AT  THE  INTERFACE  OF  Ti  DEPOS¬ 
ITED  ON  Si,  David  Aldrich.  Q.  Islam,  H. 
Jeon,  R.  Nemanich  and  D.E.  Sayers,  North 
Carolina  State  University,  Department  of 
Physics,  Raleigh,  NC. 

10:00  C1Q.6 

SILICIDE  FORMATION  AND  THERMAL  STABILITY  OF 
Ni/Si/GaAs  INTERFACES,  Y.  Yamamoto,  K. 
Ishibashi,  Hosei  University,  Research  Center 
of  Ion  Beam  Technology,  Tokyo,  Japan;  S. 
Suzuki .  Advanced  Materials  Laboratory,  Inc., 
Saitama,  Japan;  T.E.  Shim,  Samsung 
Electronics,  R&D  Center,  Semiconductor 
Business,  Seoul,  Korea;  and  Waseda  Univer¬ 
sity,  Tokyo,  Japan. 


SESSION  Clll _ ROUGHNESS  AND  INTERDIFFUSION 

Chair:  R.  Hull 

Wednesday  Morning,  November  29 
Salon  A/B  (M) 

10:30  Cll.l 

FRACTIONAL  ATOMIC  PLANES  IN  GaAs/Al  As 
SUPERLATTICES  AND  THEIR  RELATIONSHIP  TO 
INTERFACIAL  ROUGHNESS,  Ivan  K.  Schuller. 
University  of  California,  San  Diego,  Physics 
Department,  La  Jolla,  CA;  M.  Grimsditch, 
Argonne  National  Laboratory,  Material  Sci¬ 
ence  Division,  Argonne,  IL;  F.  Chambers  and 
G.  Devane,  Amoco  Technology  Company,  Amoco 
Research  Center,  Naperville,  IL;  H. 
Vanderstraeten,  D.  Neerinck,  J.-P.  Locguet 
and  Y.  Bruynseraede,  Katholieke  Universiteit 
Leuven,  Physics  Department,  Leuven,  Belgium. 

10:45  C11.2 

STUDY  OF  INTERFACIAL  SHARPNESS  AND  GROWTH  IN 
(AlAs)ra/(GaAs)n  SUPERLATTICES,  W.  Tseng.  S. 
Prokes ,  M.  Fatemi,  B.V.  Shanabrook,  B. 
Wilkins  and  H.  Dietrich,  Naval  Research 
Laboratory,  Washington,  DC. 

11:00  C11.3 

A  WEAK  BEAM  IMAGING  TECHNIQUE  FOR  THE  CHAR¬ 
ACTERIZATION  OF  INTERFACIAL  ROUGHNESS  IN 
( InGa ) As/GaAs  STRAINED  LAYER  STRUCTURES, 
J.Y.  Yao.  T.G.  Andersson  and  G.L.  Dunlop, 
Chalmers  University  of  Technology,  Depart¬ 
ment  of  Physics,  Gdteborg,  Sweden. 

11*15  CllxA 

THE  OBSERVATION  OF  SURFACE  ROUGHENING  ON 
ALUMINUM  USING  OPTICAL  SECOND-HARMONIC 
GENERATION,  S.  Janz .  K.  Pedersen  and  H.  van 
Driel,  University  of  Toronto,  Physics  De¬ 
partment,  Toronto,  Canada;  R.  Timsit,  Alcan 
Research  and  Development  Centre,  Kingston, 
Canada . 

11:30  CU.5 

INTERFACIAL  STABILITY  AND  INTERDIFFUSION  IN 
SEMICONDUCTOR  SYSTEMS,  Y.  Kim  and  A. 
Ourmazd,  AT&T  Bell  Laboratories,  Holmdel, 
NJ. 

11:45  C11.6 

ATOMIC  STRUCTURE  AND  CHEMISTRY  OF  INTERFACES 
DETERMINED  BY  Z-CONTRAST  STEM,  M.F. 
Chisholm.  S.J.  Pennycook  and  D.E.  Jesson, 
Oak  Ridge  National  Laboratory,  Solid  State 
Division,  Oak  Ridge,  TN. 


10:15 


BREAK 


SESSION  C12J _ OXIDE  INTERFACES 

Chair:  R.  Feenstra 

Wednesday  Afternoon,  November  29 
Salon  A/B  (M) 

1:30  C12.1 

THE  USE  OF  FRESNEL  CONTRAST  TO  STUDY  THE 
INITIAL  STAGES  OF  THE  IN-SITU  OXIDATION  OF 
SILICON,  F.M.  Ross  and  W.M.  Stobbs,  Cam¬ 
bridge  University,  Department  of  Materials 
Science  and  Metallurgy,  Cambridge,  United 
Kingdom;  J.  Gibson,  AT&T  Bell  Laboratories, 
Murray  Hill,  NJ. 

1:45  C12.2 

THE  INITIAL  STAGES  OF  FORMATION  FOR  THE 
Si/Si02  INTERFACE  ON  Si (111)  7X7,  J.M. 

Gibson .  AT&T  Bell  Laboratories,  Murray  Hill, 
NJ. 

2:00  C12 1 3 

ELECTRON  SPIN  RESONANCE  STUDIES  OF  SILICON 
DIOXIDE  FILMS  ON  SILICON  IN  INTEGRATED 
CIRCUITS  USING  SPIN  DEPENDENT  RECOMBINATION, 
Hark  A.  Jupina  and  Patrick  M.  Lenahan, 
Pennsylvania  State  University,  University 
Park ,  PA . 

2;i5  ci 2  -  4 

AN  NMR  STUDY  OF  HYDROGEN  AT  THE  Si/Si02 
INTERFACE  OF  THERMALLY  GROWN  OXIDES,  David 
H .  Lew  and  Karen  K.  Gleason,  Massachusetts 
Institute  of  Technology,  Department  of 
Chemical  Engineering,  Cambridge,  MA. 

2:30  C12. 5 

ELECTRONIC  STRUCTURE  OF  EPITAXIAL  Si02/ 

Si  (100)  INTERFACES,  T-« _ MP-’tQQJsa ,  University 

of  Tsukuba,  Institute  of  Applied  Physics, 
Ibaraki,  Japan. 

2:45  C12.S 

THE  STRUCTURE  OF  INTERFACES  IN  OXIDE  HETERO¬ 
JUNCTIONS  FORMED  BY  CVD,  L. A.  Tietz  ■  S.R. 
Summerfelt  and  C.B.  Carter,  Cornell  Univer¬ 
sity,  Department  of  Materials  Science  and 
Engineering,  Ithaca,  NY. 

3:00  BREAK 

SESSION  Cl  3; _ GRAIN  BOUNDARIES  AND 

NANOPHASE  MATERIALS 
Chair:  C.  B.  Carter 
Wednesday  Afternoon,  November  29 
Salon  A/B  (M) 


3:45  C13.2 

ON  THE  ATOMIC  STRUCTURE  OF  GRAIN  BOUNDARIES 
IN  SMALL  METALLIC  AND  BIMETALLIC  PARTICLES, 
Miguel  Avalos,  Roberto  Hernandez,  Pablo 
Schabes,  Armando  Vazquez  and  Mi quel  Jnsp 
Yacaraan .  UNAM,  Instituto  de  Fisica,  Mexico, 
Mexico. 

4:00  C13.3 

STRUCTURE  AND  PROPERTIES  OF  THE  (110)  INVER¬ 
SION  DOMAIN  BOUNDARY  IN  /3-SiC,  W.R.L. 
Lambrecht  and  B.  Segal 1,  Case  Western 
Reserve  University,  Department  of  Physics, 
Cleveland,  OH. 

4:15  C13.,  4 

MECHANICAL  RESPONSE  OF  MATERIALS  WITH  INTER¬ 
FACES,  I.  Alber ,  J.L.  Bassani  and  J.  Qu, 
University  of  Pennsylvania,  Department  of 
Mechanical  Engineering  and  Applied  Mechan¬ 
ics,  Philadelphia,  PA;  V.  Vitek  and  G.-J. 
Wang,  University  of  Pennsylvania,  Department 
of  Materials  Science  and  Engineering,  Phila¬ 
delphia,  PA. 

4:30  C13.5 

ATOMISTIC  SIMULATION  STUDIES  OF  INTERFACES 
IN  NANOPHASE  COPPER  AND  SILICON,  James  A. 

Lupo  and  Michael _ _ SafrOChick,  Air  Force 

Institute  of  Technology,  Department  of 
Engineering  Physics,  Wright  Patterson  AFB, 
OH. 

4:45  C13.6 

THE  APPLICATION  OF  GLANCING  ANGLE  EXAFS  TO 
STUDY  THE  STRUCTURE  OF  PLATINUM-NICKEL 
MULTILAYERS,  G.M.  Lamble  and  S.M.  Heald, 
Brookhaven  National  Laboratory,  Material 
Science  Department,  Upton,  NY;  B.M.  Clemens, 
University  of  Stanford,  Material  Science  and 
Engineering  Department,  Stanford,  CA. 

5:00  Q12.  .7 

THE  ELECTRONIC  STRUCTURE  OF  £5  GRAIN 
BOUNDARIS  IN  CU,  Erik  C.  Sowa  and  A.  Gonis, 
Lawrence  Livermore  National  Laboratory, 
Livermore,  CA;  X-G.  Zhang,  Northwestern 
University,  Chicago,  IL;  and  S.M.  Foiles, 
Sandia  National  Laboratories  Livermore, 
Livermore,  CA. 


3:30  C13.1 

THE  STRUCTURE  OF  GRAIN  BOUNDARIES  IN  ALUMI¬ 
NUM,  M.J.  Mills.  Sandia  National  Laborator¬ 
ies,  Materials  Department,  Livermore,  CA; 
G.J.  Thomas,  Sandia  National  Laboratories, 
Theoretical  Division,  Livermore,  CA;  F. 
Cosandey,  Rutgers  University,  Department  of 
Mechanical  and  Material  Science,  Piscataway, 
NJ. 
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ci.l 

ONSET  OF  GaAs  HOMOEPITAXY  AND  HETEROEPITAXY. 

D.  K.  Biegglsen 

Xerox  Palo  Alto  Research  Ctr,  Palo  Alto,  CA,  94304 

Scanning  tunneling  microscopy  results  are  presented  for  thin 
GaAs  films  grown  by  in  situ  molecular  beam  epitaxy  on 
GaAs(IOO)  and  Si(100)  substrates.  Atomic  arrangements  are 
directly  observed  for  the  various  surface  reconstructions 
occurring  as  a  function  of  surface  stoichiometry.  The 
homoepitaxial  results  are  compared  and  contrasted  with 
related  images  of  As  and  GaAs  deposited  on  on-axis  and 
vicinal  Si.  In  the  earliest  stages  of  heteroepitaxial  growth  a 
two  dimensional  film  grows  which  is  topographically  uniform 
but  chemically  disordered.  At  coverages  above 
approximately  six  monolayers  a  transition  occurs  to  a  three 
dimensional  regime.  We  will  try  to  delineate  equilibrium 
and  kinetic  origins  of  the  observed  phenomena. 

Cl.  2 

HIGH  RESOLUTION  ION  SCATTERING  STUDIES  OF 
THIN  EPITAXIAL  FILMS.  Ruud  M.Tromn*.  IBM  Research 
Division,  TJ.  Watson  Research  Center  YorkUtwn  Heights,  NY. 

Medium  Energy  Ion  Scattering  (MEIS),  in  combination  with 
channeling  and  blocking  is  eminently  suited  for  the  study  of  thin 
epitaxial  films,  with  a  depth  resolution  of  3-3  A.  In  this  talk  I  will 
present  results  obtained  on  the  Si(lll)-CaF2  interface,  grown  in 
situ  and  analyzed  with  MEIS  and  photocmission  techniques.  We 
have  determined  the  structure  of  this  interface  uniquely,  and  con¬ 
firmed  that  the  interface  structure  for  much  thicker  is  the  same, 
using  high  resolution  electron  microscopy.  Secondly,  I  will  discuss 
the  role  of  a  surface  active  species  (surfactant')  on  the  epitaxial 
growth  process.  In  particular,  I  will  address  the  dramatic  changes 
in  growth  mode  in  the  Si(00l)/Ge/Si  system,  resulting  from  the 
presence  of  a  segregating  As  monolayer  during  growth.  Stranski- 
Krastanov  and  Volmer- Weber  growth  modes  arc  changed  to 
layer-by-layer  growth  under  the  influence  of  the  As  monolayer. 
These  phenomena  are  interpreted  using  total  energies  calculated 
using  self-consistent  pseudopotcntial  calculations  in  the  local  den¬ 
sity  approximation. 

•  Work  performed  in  collaboration  with  M.  Copcl,  M.  Reuter,  E. 
Kaxiras  and  F.K.  LeGoues. 

Cl.  3 

ATOMIC  STRUCTURE  OF  CaSi2/Si  INTERFACES. 

Chris  Ci.  Van  de  Walle.  Philips  Laboratories,  BriarclifT  Manor,  NY 
10510. 

When  grown  epitaxially  on  Si(  1 1 1 ),  metallic  CaSij  assumes  the  trigonal 
rhombohedral  phase  (a=3.855  A,  c=30.G  A),1  which  is  closely  lattice- 
matched  to  Si  (3.855  A  X\/2  =5.45  A).  The  absence  of  d  electrons 
makes  CaSi2  qualitatively  different  from  the  traditional  transition- 
metal  silicides.  The  atomic  structure  of  the  CaSij/Si  interface  is 
studied  here  with  state-of-the-art  theoretical  techniques,  based  on 
pseudopotential-density-functional  theory  in  a  superlaltice  geometry. 
Various  models  for  the  interfacial  structure  are  examined,  in  which 
the  Ca  atoms  at  the  interface  exhibit  5-,  (>- ,  7-,  or  8-fold  coordina¬ 
tion.  The  configuration  in  which  Ca  has  7-fold  coordination  (as  in 
bulk  CaSij)  has  the  lowest  energy;  the  Si  double  layer  at  the  interface 
can  be  considered  to  be  a  continuation  of  the  CaSi2  structure,  but 
with  a  Si-Si  distance  very  close  to  its  value  in  bulk  Si.  This  struc¬ 
ture  is  consistent  with  results  obtained  from  cross-sectional  electron 
micrographs.1  However,  the  structure  in  which  interfacial  Ca  is  8-fold 


coordinated  is  only  —0.1  eV  higher  in  energy.  The  present  results  will 
be  compared  with  the  known  structures  of  other  silicides  on  Si.  V  al¬ 
ues  for  Schottky  barrier  heights,  calculated  within  the  local-density 
approximation,  will  also  be  reported. 

Cl. 4 

THE  STRUCTURE  AND  CHEMISTRY  OF  THE  Ge/SAPPHIRE 
INTERFACE,  Geoffrey  P.  Malafskv  ,ONT  Postdoctoral 
Fellow;  and  David  J.  Godbey,  Naval  Research 
Laboratory,  Code  6816,  Wash,  DC  20375 

The  molecular  beam  epitaxial  (MBE)  growth  of 
silicon  on  sapphire  (SOS)  provides  growth  control 
on  an  atomic  scale.  This  permits  the  study  of  the 
initial  stages  of  heteroepitaxy.  The  growth  of  a 
crystalline  epilayer  is  associated  with  a  three 
dimensional  growth  mechanism  and  a  large  density 
of  interfacial  defects.  Recently,  it  was  shown 
that  MBE  grown  germanium  on  sapphire  (GOS)  can 
produce  a  crystalline  epilayer  via  an  islanding 
growth  mechanism.  We  examine  the  interfacial 
reactions  of  the  new  GOS  system.  We  present  an 
in-situ  analysis  of  the  chemical  and  structural 
bonding  in  the  first  few  monolayers  of  the  Ge 
epilayer.  The  interfacial  chemistry  is  determined 
by  X-ray  photoelectron  spectroscopy  (XPS)  and 
Auger  electron  spectroscopy  (AES) .  The  growth 
mechanism  is  revealed  by  the  rate  of  attenuation 
of  the  sapphire  peak  signals. 


C2.1 

Energetics  and  Electronic  Structure  of  GaAs  on  Si. 

lohn  E.  Northrup.  Xerox  Palo  Alto  Research  Ctr,  Palo  Alto,  CA, 
94304 

Total  energy  calculations  have  been  performed  using  the 
density  functional  pseudopotentia!  method  for  various 
possible  two-dimensional  phases  of  GaAs  on  Si(IVl)  and 
Si(l00).  The  two-dimensional  phases  which  have  been 
examined  so  far  have  positive  formation  energies  with  respect 
to  bulk  GaAs  reservoirs  (large  GaAs  islands)  plus  the  As- 
terminated  Si(111)  or  Si(100)  surfaces.  On  the  basis  of  these 
results  one  can  estimate  a  critical  number  of  GaAs  pairs 
required  to  form  stable  GaAs  islands  on  the  As-terminated  Si 
surface.  The  influence  of  the  interface  electrostatic  dipole  on 
the  energetics  and  electronic  structure  of  the  overlayers  has 
been  examined. 


C2.2 

STRUCTURAL  ENERGIES  OF  ANTIPHASE  DOMAIN  WALLS  IN 

GaAs .  David  Vanderbilt  and  L.  Brey,  Department  of 
Physics,  Harvard  University,  Cambridge,  MA 
02138. 


Local-density  total-energy  calculations  of  the 
structural  properties  of  antiphase  domain  walls 
(ADW's)  are  carried  out  for  GaAs,  a  prototypical 
III-V  semiconductor.  The  ADW's,  which  are 
boundaries  at  which  the  assignment  of  species  to 
sublattice  becomes  reversed,  are  problematic 
especially  for  growth  of  GaAs  films  on  Si  or  Ge 
(100)  substrates.  We  study  a  variety  of 
superlattice  structures  containing  ADW's  oriented 
in  the  (100),  (110),  and  (111)  directions.  The 
dependence  of  the  ADW  energy  upon  orientation, 
stoichiometry,  and  atomic  structure  is 
elucidated.  Simple  Ising-like  models  for  the 
energetics  of  these  interfaces  are  discussed  and 
tested. 
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C2.3 

VERY  THIN  2D  GaAs  FILMS  on  Si  DURING  the 
EARLY  STAGES  of  GROWTH  by  MBE. 

D.B.  Fenner.*  +  D.K.  Biegelsen,  and  B.S.  Krusor;* 

* Xerox  Palo  Alto  Research  Center,  Palo  Alto,  CA  94034. 

+  Physics  Dept.,  Santa  Clara  University,  Santa  Clara,  CA  95053. 

GaAs  samples  deposited  on  Si  by  molecular  beam  epitaxy 
with  a  graded  thickness  of  0—3  nm  initially  show  the  presence  of 
a  metastable  2D  layer  containing  Ga  and  As.  In  the  thicker 
regions  of  the  wedge  samples,  islands  (3D  topography)  form  in 
the  presence  of  the  2D  sea,  i.e.,  Stranski  -  Krastanov  growth. 
Compositional  profiles  of  these  wedges  were  made  with  in  situ 
Auger  electron  spectroscopy  (AES)  which  has  allowed  the 
identification  of  at  least  four  regimes  of  growth;  i)  As 
termination  of  Si,  ii)  2D -growth  of  a  bilayer  terrace,  iii) 
followed  by  a  second  bilayer  terrace,  and  finally  iv)  the 
nucleation  of  island  growth.  Lattice  images  from  cross- 
sectional  transmission  electron  microscopy  are  consistent  with 
the  AES  profiles.  Substrate  temperature  during  deposition  of  the 
films  has  a  strong  effect  on  film  topography,  as  does  the  beam  - 
flux  ratio  on  film  stoichiometry. 

DBF  received  support  from  the  NSF  (DMR  —  8822353). 

C2.4 

jjm-SCALE  LATERAL  GROWTH  OF  Ga-MONOLAYERS  OBSERVED 
IN-SITE  BY  ELECTRON  MICROSCOPY  J .Osaka.  N.lnoue. 
NTT  LSI  Laboratories,  Atsugl  City.  Jupnn 

Terrace  sizes  on  GaAs  and  AlGaAs  surfaces  have  been 
limited  to  less  than  a  few  thousand  and  less  than  a 
few  hundred  Angstroms,  respectively,  by  the  small 
surface  migration  length  of  Ga  and  A1  on  surfaces 
covered  with  As.  In  this  paper  we  show  that  the 
lateral  growt.i  of  Ga(*Al)  monolayer  can  be  extended 
as  far  as  several  microns  by  using  Ga(*Al)  droplets. 

Growth  was  performed  In  an  MB E- S REM  (Scanning 
Reflection  Electron  Microscope)  system[l).  Surface 
atomic  structures  are  observed  ln-sltu  at  a 
resolution  of  about  1000  A.  When  Ga  Is  supplied  for 
2  layers  on  a  surface  covered  with  As.  droplets  are 
observed(2],  spaced  about  10  Jim  apart  and  sized 
about  1  _pm  at  600  'C.  When  As  is  supplied  next, 
background  areas  are  suddenly  covered  with  As. 
However.  It  is  found  that  bright  areas  appear  around 
the  droplets.  These  are  Ga  monolayers  growing  over 
the  As.  The  gallium  monolayers  extend  continuously 
until  they  finally  cover  the  entire  surface.  It  Is 
shown  that  the  size  of  the  droplets,  the  spacing, 
and  the  monolayer  extension  In  the  case  of  AlGaAs 
are  as  large  as  those  In  GaAs.  The  very  long 
diffusion  length  for  the  yim  order  Is  attributable  to 
the  fast  diffusion  of  Ga  and  A1  atoms  on  a  Ga(»Al) 
overlayer  on  an  As  layer. 

By  taking  advantage  of  this  phenomenon,  it  Is 
expected  that  terraces  as  large  as  several  microns 
will  be  realized. 

(l)K.Yamada.  N.lnoue,  J. Osaka,  and  K.Wada, 
Appl . Phys .Lett .  55  August  14  (1989) 

( 2 1 J . Osaka,  N.lnoue,  Y.M;da,  K.Yamada,  and  K.Wada, 
ICCG-9  abstract  No.FV-2.  Sendai  (1989) 


C2.5 

THE  INITIAL  STAGES  OF  GROWTH  OF  InSb  ON 
GaAs(lOO)  BY  MBE  -  A  HIGHLY  LATTICE  MISMATCHED 
HETEROINTERFACE. 

C.J.Kielv-  Department  of  Materials  Science  and  Engineering.University  of 
Liverpool;  A. Rockett,  J-l.Chyi  and  H.Morkoc,  Coordinated  Science 
Laboratory,  University  of  Illinois  at  Urbana-Champaign. 

Good  quality  epitaxial  InSb  can  be  grown  on  GaAs(lOO)  by  MBE  despite 
the  14.6%  lattice  mismatch.  We  have  previously  reported  TEM  and 
electrical  characterisation  studies  from  thick  InSb  layers,  in  which  we  found 
Quite  high  dislocation  densities  (-10^  cm‘2)  which  limit  electron  mobilities 
HI.  In  this  present  study,  the  initial  stages  of  epitaxy  have  been 
investigated  by  plan  view  and  cross-sectional  microscopy  of  very  thin  InSb 
layers.  The  results  have  led  us  to  deduce  several  key  features  related  to 
defect  formation  in  highly  mismatched  epitaxial  overlayers. 

InSb  nucleates  as  three  dimensional  islands  of  well  defined  shape  and 
grows  pseudomorphically  until  a  critical  lateral  dimension  of  ~  30A  is 
reached.  After  this,  misfit  is  mainly  accommodated  by  nucleating 
energetically  favoured  a/2[01 1]  edge-type  dislocations  at  the  periphery  of 
the  islands  at  regular  intervals  as  strain  periodically  accumulates  in  the 
islands.  Some  60°  defects  are  noted  at  the  interface  however  and  are 
associated  with  dislocations  and  loops  which  thread  through  the  epilayer. 
Evidence  will  be  presented  correlating  the  existence  of  these  threading 
defects  with  (1)  "misfit  dislocation  array  mismatch"  at  coalescing  islands, 
(2)  interfacial  steps,  (3)  residual  strains  in  the  islands  at  coalescence  and  (4) 
the  thermal  expansion  coefficient  mismatch  between  epilayer  and  substrate. 
Finally  interface  roughening  effects  which  are  seen  to  occur  in  this  system 
during  growth  will  be  discussed. 

[1]  C.J.Kiely,  M.Chyi,  A.Rockett  and  HMorkoc,  Phil.Mag.A.,(1989),  in 
press. 

C3.1 

LOW  ENERGY  ELECTRON  MICROSCOPY  OF  ATOMIC  SCALE 
STRUCTURES  OF  SURFACES.  E.  Bauer.  M.  Altman, 

M.  Mundschau  and  W.  Swiech,  Physi kal isches  In- 
stitut,  Technische  Universltat  Clausthal,  Claus- 
thal -Ze) 1  erf el d  and  SFB  126,  Gott i ngen-Cl aus- 
thal,  FRG. 

Although  low  energy  electron  microscopy  (LEEM) 
has  presently  only  a  lateral  resolution  of  about 
15  nm  It  can  image  atomic  scale  structures  such 
as  monoatomic  steps  or  glide  lines  provided  that 
their  spacing  is  larger  than  15  nm.  The  contrast 
is  caused  by  the  phase  difference  between  the 
waves  reflected  from  the  terraces  adjoining  the 
step.  Also  interfaces  are  accessible  to  LEEM 
provided  that  they  are  parallel  to  the  surface 
and  not  too  far  away  from  it.  Their  contrast  is 
due  to  the  quantum  size  effect. 

The  talk  will  be  concerned  mainly  with  the  atom¬ 
ic  step  structure  of  Si(100),  Si(lll),  Mo(110) 
and  Pb(110)  surfaces,  its  dependence  on  pre¬ 
treatment,  its  interaction  with  bulk  defects  and 
its  significance  for  nucleation  processes  in 
surface  phase  transitions,  segregation  and  film 
growth.  Particular  attention  will  be  given  to 
the  modification  of  the  atomic  step  structures 
by  impurity-induced  inhomogeneous  sublimation 
and  by  interaction  with  strongly  adsorbed  atoms 
such  as  Au  and  Cu  on  Si(lll)  and  Cu  on  Mo(110). 

The  interfacial  structure  will  be  discussed  for 
the  case  of  CoSi,  on  Si  (111).  A  video  tape  will 
Illustrate  step-related  processes. 
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C3.2 

THE  INITIAL  STAGES  OF  GROWTH  OF  SI  ON  Sl(111)  BY 
SPA-LEED.  M.  Horn  von  Hoegen,  T.  J.  Watson  Research 
Center,  Yorktown  Hgts,  NY;  M.  Henzler,  Institut  fuer 
Festkoerperphysik,  Universitaet  Hannover,  Germany. 

LEED  Is  used  to  investigate  the  initial  stages  of  the  growth 
of  silicon  on  silicon  (111)  between  5S6K  and  900K.  The 
partial  coverages  6*  of  the  growing  film  are  derived  out  of 
the  intensity  oscillation  of  the  00-  and  7x7-spot  during 
evaporation. 

We  observe  a  preferred  growth  in  the  second  layer  long 
before  the  first  layer  Is  completed.  Surface  defects  caused 
by  superstructure  disorder  on  the  grown  Islands  act  as 
nucleation  center  for  the  diffusing  adatoms.  So  at  633K  the 
grown  islands  show  no  ordered  superstructure,  although 
the  film  is  epitaxial.  The  7x7-spots  display  all  features  of 
the  diffraction  of  a  substrate  with  a  non  scattering  over- 
layer  for  coverages  below  2  monolayers. 

The  grown  films  show  below  6S0K  an  unordered  super¬ 
structure,  in  an  intermediate  tempo rture  range  a  mixture 
of  5x5-  and  7x7-doma!ns  and  finally  above  870K  the  per¬ 
fect  7x7-  superstructure.  The  average  size  of  islands  in¬ 
creases  from  30  up  to  40000  atoms. 

C3.3 

AUTOEPITAXY  ON  AU(lll)  STUDIED  BY  SCANNING 
TUNNELING  MICROSCOPY.  M.  M  Dovek.  C.  A.  Lang,  J.  Nogami, 
and  C.  E.  Quate,  Department  of  Applied  Physics,  Stanford  University, 
Stanford,  California  94305 

Using  a  scanning  tunneling  microscope  in  ultra-high  vacuum,  we  have 
studied  several  stages  of  autoepitaxy  on  Au(l  11)  from  submonolayer  up 
to  twenty  monolayer  coverage  at  room  temperature.  The  substrate, 
Au(lll)  epitaxially  grown  on  mica,  exhibits  several  hundred  A  wide 
atomically  flat  terraces  separated  by  tnonoatomic  steps. 

At  submonolaver  coverages,  the  gold  nucleates  into  single  layer  clusters 
as  small  as  25  A  aligned  preferentially  in  rows  perpendicular  to  the  <1 10s> 
terrace  edges.  These  clusters  coalesce  as  the  metal  coverage  increases. 
Higher  layers  start  forming  before  the  lower  ones  are  completely  filled 
The  number  of  incomplete  layers  increases  with  deposition  rate  and  total 
thickness  of  the  film.  Room  temperature  diffusion  smoothens  the  terrace 
structure  over  a  period  of  several  hours.  The  acceleration  of  this  process 
by  a  moderate  anneal  is  also  observed 

Preliminary  results  on  epitaxy  of  In  and  Ag  on  Au(lll)  will  also  be 
reported 

C3 .4 

STM  OF  GOLD  ON  GRAPHITE  by  P.  A.  Thomas,  W.  H.  Lee,  R. 
I.  Masel,  University  of  Illinois,  Urbana  11,  61801 

Scanning  Tunnelling  Microscopy  was  used  to  examine  how  evaporated 
gold  films  change  when  they  are  annealed  at  600  C  on  graphite 
substrates.  The  evaporated  films  started  out  relatively  smoooth. 
However,  after  1  hr  of  annealing,  a  series  of  dendrites  were  clearly 
visable  on  the  surface  of  the  films.  With  additional  annealing,  the 
dendrites  got  larger,  until  the  film  broke  into  particles.  Particles  then 
grew  by  a  sintering  process.  After  a  long  anneal,  the  surfaces  of  the 
larger  particles  became  smooth  again.  However,  the  surfaces  of  the 
particles  smaller  than  50  A  remained  rough.  We  believe  that  the 
difference  in  morphology  of  large  and  small  particles  may  have  some 
profound  implications  for  shape  selective  catalysis. 


C3.5 

PHOTOEMISSION  CHARACTERIZATION  OF  THIN  FILM 
NUCLEATION  ON  INERT  SUBSTRATES.  G.  Haupstari 

A.  Raisanen,  C.  Caprile,  X.  Yu,  G  Ceccone  and  A.  Franciosi, 
Dept,  of  Chemical  Engineering  and  Materials  Science, 
University  of  Minnesota,  Minneapolis,  MN  55455. 

We  have  performed  synchrotron  radiation  photoemission 
studies  of  the  early  stages  of  K,  Mn,  and  Sm  thin  film 
growth  on  solid  xenon  substrates.  In  the  coverage  range 
explored  (2x  1 0 1  ^  .  i X1 01 6  atoms/cm2),  film  growth  is 
well  approximated  by  a  model  in  which  the  nucleation 
site  density  remains  constant,  and  hemi-ellipsoidal 
clusters  increase  in  size  until  coalescence  is  achieved. 
Site  density  and  average  cluster  size  were  determined  by 
comparing  the  experimental  coverage-dependence  of  the 
metal  and  Xe  core  photoemission  intensities  with  the 
predictions  of  the  numerical  model.  The  coverage- 
dependence  of  the  effective  core-level  binding  energies 
provide  additional  quantitative  information  on  cluster 
size.  We  present  a  valence  band  photoemission  analysis 
of  the  metal  electronic  structure  as  a  function  of  cluster 
size  and  morphology  in  the  10-1 04  atom  cluster  size 
range.  Furthermore,  a  deconvolution  of  the  "screened"  and 
"unscreened"  contributions  to  the  Xe  core  emission 
allowed  us  to  probe  directly  the  magnitude  and  the 
spatial  extent  of  the  metal-induced  screening  of  the  Xe 
core  hole  as  a  function  of  cluster  size. 

C4.1 

MEASUREMENT  OF  THE  RELATIVE  POSITION  OF  ADJACENT 
CRYSTALS.  AND  THE  MODELLING  OF  INTERFACIAL 
STRUCTURE.  R.C.  Pond.  Department  of  Materials  Science  and 
Engineering,  University  of  Liverpool,  P.O.  Box  147,  Liverpool  L69  3BX, 
England,  U.K. 

The  relative  position  of  adjacent  crystals  can  be  measured  with  high 
precision  using  transmission  electron  microscopy.  The  technique  can  be 
used  in  the  case  of  grain  boundaries  where  the  relative  orientation  of  the  two 
crystals  corresponds  to  a  coincidence  site  lattice.  Under  these 
circumstances,  sets  of  crystal  planes  which  have  the  same  spacing  and 
orientation  in  the  two  crystals  can  be  oriented  simultaneously  for  two  beam 
or  systematic  diffraction.  The  extinction  distances  for  Bloch  waves  excited 
in  the  two  crystals  will  be  identical,  but  interference  will  occur  if  their 
phases  are  different.  When  the  relative  position  of  the  two  crystals  is 
defined  by  a  displacement  p  of  one  crystal  with  respect  to  the  other,  the 
phase  difference  will  be  equal  to  2ttg.p  for  the  reflection  g.  Providing  the 
interface  is  inclined  to  the  specimen  surface,  so  called  a-fringes  will  be 
observed  in  the  image.  By  comparing  simulated  images  with  experimental 
observations,  and  using  at  least  three  independent  reflections,  the  vector  g 
can  be  determined.  In  favourable  specimens,  values  of  g.p  as  small  as  0.02 
can  be  detected.  However,  the  technique  is  subject  to  possible  ambiguities 
and  imprecisions,  particularly  when  high  index  reflections  are  used. 

Determination  of  jj  enables  interfacial  structures  to  be  modelled,  and  the 
technique  has  been  used  successfully  to  investigate  the  interfacial  structure 
of  grain  boundaries  in  Al,  Si  and  Ge  for  example.  In  addition,  information 
concerning  the  structure  of  interfacial  dislocations,  and  the  excess  free 
volume  at  interfaces  has  been  obtained  by  these  means. 

C4.2 

INTERFACE  STRAIN  AND  THE  VALENCE  BAND  OFFSET  AT 
THE  LATTICE  MATCHED  In0  saGao  <7As/InP  INTERFACE. 
Mark  S.  Hybertsen,  AT&T  Bell  Laboratories,  Murray  Hill,  NJ, 
07074. 

High  resolution  X-ray  diffraction  experiments  on  carefully  grow  n 
Ii'o  s3Gao  flAs/lnl*  heterostruclures  have  shown  an  intrinsic 
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interface  strain  [l|.  The  growth  sequence  yields  atomically  abrupt 
interfaces  with  two  types  of  interface  layer:  PM  (where 
M—  IriQ  53  Gao  47 )  and  AsJn.  In  the  present  work,  the  interface 
energy  as  a  function  of  strain  for  a  3X3  superlattice  has  been 
calculated  using  the  local  density  functional  approach  (LDA).  The 
alloy  is  treated  within  the  virtual  crystal  approximation.  In  these 
preliminary  studies,  a  simple  one  parameter  structural  model  is 
examined:  the  PM  distance  is  contracted  by  c  while  the  InAs 
distance  is  expanded  by  e,  preserving  the  c-axis  lattice  constant. 
The  calculated  strain  which  minimizes  the  total  energy  is  similar 
to  the  strain  found  in  the  experiment.  Furthermore,  the 
calculated  valence  band  offset  (within  the  LDA)  is  found  to  be  a 
sensative  function  of  the  interface  strain,  varying  by  150  meV  for 
0.0  <£<  0.08.  More  detailed  structural  studies  are  underway  and 
the  interesting  case  where  both  interfaces  have  the  same 
composition,  e.g.  InA$  and  Asln,  will  be  discussed. 

|l]  J.M.  Vandenberg  et  a/.,  Appl.  Phys.  Lett.  53,  1920  (1988). 


C4 .3 

STRUCTURAL  STUDIES  OF  EPITAXIAL  METAL 
SEMICONDUCTOR  INTERFACES  USING  TRANSMISSION 
ELECTRON  SCATTERING.  D.  Loretto.  J.  M.  Gibson  and  N.  Chand, 
AT&T  Bell  Labs.,  600  Mountain  Ave.,  Murray  Hill,  NJ  07974  and  S. 
M.  Yalisove,  Dept,  of  Materials  Science  and  Engineering,  University  of 
Michigan,  2300  Hayward  Street,  Ann  Arbor  MI  48109. 

Epitaxial  semiconductor/metal  interfaces  are  usually  studied  in  the 
transmission  electron  microscope  (TEM)  in  two  specimen  geometries: 
planview  and  cross-section.  In  plan  view  samples  the  electron  beam 
impinges  perpendicular  to  the  plane  of  the  interface,  which  allows  for 
quantitative  diffraction  and  conventional  diffraction/imaging.  In  cross- 
section  samples  the  electron  beam  is  at  grazing  incidence  and  high 
resolution  TEM  images  can  be  recorded.  The  advantages  and  limitations 
of  each  technique  will  be  discussed  using  examples  drawn  from  our 
continuing  study  of  CoSi2/Si(001)  2xl/lx2<*>  and  from  work  on 
AI/GaAs(00I).  In  particular  we  will  discuss  the  relative  sensitivity  of 
HRTEM  and  planview  transmission  electron  diffraction  to  atomic 
displacements  at  an  epitaxial  interface. 

D.  Loretto,  J.  M.  Gibson  and  S.  M.  Yalisove,  to  appear  in  Phys.  Rev. 
Lett.  July  1989. 

C4.4 

HIGH-RESOLUTION  IMAGING  OF  THE  INTERFACES  BETWEEN 
GaAs  AND  CoGa  AND  ErAs.  Jane  G.  Zhu.  Stuart  McKeman,  Chris  J. 
Palmstrpm*  and  C.  Barry  Carter,  Department  of  Materials  Science  and 
Engineering,  Cornell  University,  Ithaca,  NY  14853;  ‘Bellcore,  Red 
Bank.  NJ  07701. 

Metallic  compounds,  including  NiAl,  NiGa,  CoGa  and  CoAl,  have 
numerous  potential  uses  such  as  the  incorporation  of  metal  layers  into 
semiconductor  structures  and  the  improvement  of  metal  contacts  for 
semiconductor  devices.  These  compounds  have  the  CsCl  (i.e.,  simple 
cubic)  structure.  The  arsenides  of  the  trivalent  rare  earths,  which  are  being 
studied  for  the  same  reasons,  occur  normally  with  the  NaCl  (f.c.c.) 
structure.  The  lattice  constants,  or  for  the  materials  with  the  CsCl 
structure,  a  sub-lattice  constant,  of  these  compounds  are  very  close  to  the 
lattice  constant  of  GaAs.  For  the  purpose  of  investigating  the  structure  and 
crystal  quality  of  epilayers  of  these  materials,  CoGa  and  ErAs  have  been 
grown  on  GaAs  (100)  substrates  by  molecular- beam  epitaxy.  The  misfit 
dislocations  at  these  interfaces  have  been  characterized  and  will  be 
discussed  in  a  companion  paper.  High-resolution  transmission  electron 
microscopy  (HRTEM)  has  been  used  to  study  the  atomic  configuration 
and  the  abruptness  of  both  the  CoGa/GaAs  and  ErAs/GaAs  interfaces. 

The  HRTEM  images  have  been  recorded  using  a  JEOL  4000 EX  which 
has  a  point-to-point  resolution  of  -0.17  nm.  Tne  interface  images  have 
been  simulated  for  a  range  of  specimen  and  image  conditions  using  the 
TEMPAS  multislice  program.  The  images  of  the  materials  on  either  side 
of  the  interface  have  also  been  simulated  and  compared  to  the 
experimentally  obtained  images.  The  position  of  the  interface  can  be 


located  uiiainbig  lously  in  both  the  real  and  simulated  images.  The 
ErAs/GaAs  interface  appears  to  be  very  smooth,  while  the  CoGa/GaAs 
interface  does  not  appear  to  be  as  flat  on  an  atomic  scale.  Interfaces  have 
also  been  analyzed,  in  both  simulated  and  experimental  case,  where  steps 
were  present  on  the  original  surface. 


C4.5 

PLAN-VIEW  CBED  STUDIES  OF  NiO-ZrO  (CaO)  INTERFACES. 
Vlnayak  P.  Dravid.  Michael  R.  Notts,  Charles  E.  Lyman , 
Dapt.  of  Matarlala  Science  &  Engineering,  Lehigh 
University,  Bethlehem,  PA  18015,  USA,  A.  Revcolevschl, 
Lab.  da  Chimle  dea  Solldes,  Universlte  de  Parla-Sud, 
Orsay,  FRANCE. 


Lamellar  Interphase  Interfaces  In  the  directionally 
solidified  eutectic  (DSE)  NiO-ZrO, (CaO)  have  been 
lnveetigated  using  conventional  TEM,  convergent  beam 
electron  diffraction  (CBED)  and  high  resolution  TEM. 
Thle  DSE  grove  along  [llO]  N10  //  [001]  ZrO,,  with 
[112]  N10  //  [0101  ZrO,  and  [HI]  N10  //  [100]  ZrO  U 
Interface  normal.  (Ilf)  N10  //  (100)  ZrO,  has  been 
Identified  aa  a  low  energy  configuration  with 
translation  periodicity  within  the  planar  Interface. 

The  symmetry  and  relaxation  mechanisms  associated 
with  this  Interface,  In  particular  the  three  components 
of  rigid  body  translation  (RBT)  have  been  Investigated. 
CTEM  and  HRTEM  Indicated  the  dense  nature  of  the  core 
of  the  Interface  with  minimum  lattice  expansion  normal 
to  the  interface.  Plan-vlev  CBED  has  besn  used  to 
identify  ln-plane  RBT  which  generally  lowers  ths 
ho lo symmetric  bicrystal  poinc  group  synsetry.  The 
detailed  methodology  of  plan-view  CBED  technique.  Its 
advantages  and  limitations  will  be  compared  with 
other  experimental  techniques. 


C5.1 

INTERRACIAL  SUPERSTRUCTURES  STUDIED  BY  GRAZING 
INCIDENCE  X-RAY  DIFFRACTION.  Koichi  AkilPOtP. 
Jun'ichiro  MizuKi,  Ichiro  Hirosawa  and  Junji 
Matsui,  NEC  Corporation,  34,  Miyukigaoka, 
Tsukuba  city.  Ibaraki  305,  Japan 


Surface  superstructures  (  reconstructed 
structures  )  have  been  observed  by  many 
authors.  However,  it  is  not  easy  to  confirm 
that  a  superstructure  does  exist  at  an  inter¬ 
face  between  two  solid  layers.  The  present 
paper  reports  a  direct  observation,  by  a  graz¬ 
ing  incidence  X-ray  diffraction  technique  with 
use  of  a  synchrotron  radiation,  of  superstruc¬ 
tures  at  the  interface  between  two  solid 
layers:  amorphous  silicon  (  a-Si  )/Sidll>- 

7x7,  a-Si/Geo.aSio. •<1111-6x5,  a-Si /B( J3x J3 ) / 
Si(lll),  epitaxial  SI  <  1 1 1  >/B(  «/ifx  J3)/Si  (111), 
SiOs/Si (100)-2xl.  In  the  case  of  B(J3xJ3),  for 
instance,  boron  atoms  are  suggested  to  occupy 
substitutional  sites,  thus  forming  the  43xJJ 
structure.  Interfacial  superstructures  between 
A 1  <  also  Sb  or  Yb  )  and  GaAs(lOO)  have  also 

been  found.  For  the  Yb/GaAsdOO)  contact  sys¬ 
tem,  different  interfacial  superstructures  have 
been  found  with  different  Yb  thickness  giving 
rise  to  different  Schot tky-barr i er  heights. 
Such  superstructures  may  be  relevant  for  under¬ 
standing  Scho t tky-barr i er  formation.  In  addi¬ 
tion,  the  interfaces  of  MOCVD-grown  AIN/ 
GaAsdOOl  have  been  found  to  have  1x4  or  1x6 
superstructures. 
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C5.2 

DIRECT  OBSERVATION  OF  A  7X7  SUPERSTRUCTURE  BURIED  AT  THE 
AMORPHOUS-SI /S  1(110  INTERFACE.  Akir.  Sakai.  Toru  T.lsu.i 
and  Koichi  Ishida,  Fundaaental  Research  Laboratories,  NEC 
Corporation,  Miyukiiaoka,  Tsukuba,  305  Japan. 

Direct  iaatint  of  a  7x7  superstructure  buried  at  the 
aaorphous-Si/Si  (111)  interface  has  been  demonstrated  by 
cross-sectional  high  resolution  transmission  electron 
microscopy  (HRTEN).  The  electron  diffraction  pattern  of  the 
interface  region  showed  diffuse  streaks  of  fractional  order 
which  suggested  the  existence  of  the  superstructure  at  the 
interface.  The  < 11 0>  cross-sectional  HRTEN  image  of  the 
buried  7x7  superstructure  in  one  domain  showed  saw-tooth 
like  contrast  which  had  a  periodicity  of  23  A.  This 
periodicity  is  7  times  the  1/3(422)  periodicity  which  is 
3.3  A  along  the  interface.  The  optical  diffraction  pattern 
of  the  image  confirmed  that  the  diffuse  streaks  of 
fractional  order  contributed  to  the  image  formation  of  the 
buried  7x7  superstructure.  The  origin  of  the  image  contrast 
will  also  be  discussed. 

C5.3 

TOPOGRAPHY  OF  Si(lll):  CLEAN  SURFACE  PREPARATION 
AND  SILICON  MOLECULAR  BEAM  EPITAXY.  R.  T.  Tung,  D.  J. 
Eaglesham  and  F.  Schrey,  AT&T  Bell  Labs.,  Murray  Hill,  N.J. 

Recently  it  was  shown  that  high  quality  single  crystal  NiSi2  and  CoSi2 
may  be  grown  at  room  temperature  on  Si(lll)  by  deposition  of  a  few 
monolayers  of  tnetal,  followed  by  co-deposition  of  silicide.  Because  of 
the  absence  of  long  range  diffusion,  imperfections  on  the  original  Si 
surface,  such  as  steps,  arc  preserved  at  the  interface  between  silicide  and 
silicon.  These  defects  may  be  imaged  by  TEM  to  display  the  topogra¬ 
phy  of  the  original  surface.  Large  areas  (>100  pm2)  of  the  surface  may 
be  examined  at  one  time.  The  sense  (up  or  down)  of  the  steps  may  also 
be  determined.  In  this  paper,  a  comparison  is  made  between  Si(lll) 
surfaces  prepared  by  various  techniques,  including  Shiraki  oxidation.  Si 
beam  cleaning,  etc.  It  is  shown  that  the  distribution  of  steps  varies 
significantly  depending  on  wafer  misorientahon,  impurity  panicles,  etc. 
Multiple  steps  and  step  bands  are  observed  on  surfaces  with  larger 
misorientation  angles  (-2-6°).  The  initial  stages  of  Si  MBE  is  studied 
in  detail.  Nucleation  of  Si  islands  on  flat  terraces  is  shown  to  depend 
on  th»  terrace  width  as  well  as  the  character  of  prevalent  steps.  Prelim¬ 
inary  result  regarding  the  role  played  by  7x7  domain  boundaries  and 
impurities  is  also  presented.  With  a  high  growth  rate  of  -  1  A/sec, 
step-flow  type  growth  is  found  for  >  700°C  and  two  dimensional 
nucleation  and  growth  of  Si  islands  on  the  terraces  is  found  at  <  600°C. 
A  discussion  of  the  growth  mode  as  a  function  of  temperature,  deposi¬ 
tion  rate,  and  step  density  is  given. 

C5.4 

STRUCTURE  AND  COMPOSITION  OF  LIQUID  /  SOLID 
INTERFACES  BY  ION  CHANNELING.  M.M.  Karmarkar .  Ray 
Twesten  and  K.R.  Padmanabhan.  Department  of  Physics  and 
Astronomy,  Wayne  State  University,  Detroit,  MI  48202. 

The  liquid  /  solid  interface  is  an  active  region  in  which  the  interaction 
between  the  liquid  and  the  solid  can  lead  to  variations  in  the 
composition  across  the  interface  and  possible  atomic  rearrangement  in 
the  underlying  substrate.  In  this  paper  the  application  of  ion  channeling 


technique  to  study  interfacial  structure  and  composition  in  situ  at  the 
liquid  /  solid  interface  is  discussed. 

Energetic  He  ions  backscatiered  from  a  thin  Si  window  cell 1 
arrangement  are  used  to  characterize  the  liquid  /  solid  interface  after  in 
situ  anisotropic  etching  of  the  oxide  layer.  Analysis  of  the  aligned  and 
random  backscatiered  energy  spectrum  of  the  ions  after  their  lnteracuon 
with  the  liquid  at  the  interface  indicates  the  growth  of  thin  epitaxial 
metal  films  on  Si  from  solutions.  Experimentally  measured  x  min 
values  of  Si  and  metal  atoms  indicate  that  the  metal  atoms  are  deposited 
along  the  same  direction  (as  the  substrate  atoms)  up  to  several  nm  from 
a  sharp  interface.  The  lattice  damage  of  the  substrate  during  film  growth 
from  the  solution  appears  significantly  lower  compared  to  that  due  to 
etching.  Examples  of  this  study  for  the  deposition  of  epitaxial  metal 
films  of  Cu,  Ni ,  Pd  and  Au  on  Si  from  solutions  of  the  metal  halides 
are  presented. 

1.  K.R.  Padmanabhan, ,  P.J.  Drallos,  R.  B.  Alexander  and  J.  C. 

Buchholz.  Appl.  Phys.  Lett.,4£,  578  (1986). 

C5.5 

ELECTRONIC  AND  ATOMIC  PROPERTIES  OF  THE  a-C:H/G* 
INTERFACE.  M.  Wittmer.  IBM  T.  J.  Watson  Research  Center, 
Yorktown  Heights,  N.Y.  10598;  D.  Ugolini  and  P.  Oelhafen,  Institute 
of  Physics,  University  of  Basel,  CH-4056  Basel,  Switzerland. 

The  performance  of  Ge  infrared  optical  components  can  be  drastically 
improved  by  the  use  of  a  protective  and  antireflection  coating  made 
of  a  hydrogenated  amorphous  carbon  (a-C:H)  film.  A  primary  concern 
in  all  applications  a-C:H  films  is  adhesion.  The  adhesion  quality  of  thin 
coatings  on  a  material  depend  to  a  large  degree  on  the  electronic  and 
atomic  properties  of  the  interface.  Since  adhesion  is  promoted  by 
chemical  bonding  and  atomic  intermixing  in  the  interfacial  layer,  the 
absence  of  a  stable  germanium  carbide  compound  surmises  a  poor  ad¬ 
hesion  of  a-C:H  films  on  Ge.  We  have  investigated  the  properties  of 
the  interface  with  photoelectron  spectroscopy,  high  resolution  trans¬ 
mission  electron  microscopy  and  ion  channeling  technique  and  found 
the  formation  of  a  metastable  phase  and  the  existence  of  atomic 
intermixing  in  the  interfacial  layer.  The  reactive  nature  of  the 
a-C:H/Ge  interface  is  consistent  with  the  good  adhesion  of  our 
a-C:H  films  on  Ge  surfaces.  The  metastable  phase  is  amorphous  and 
the  interfacial  roughness  amounts  to  less  than  2oA.  The  effect  of 
substrate  cleaning  and  deposition  parameters  on  the  interface  proper¬ 
ties  will  also  be  discussed. 

C6.1 

SEMICONDUCTOR  INTERFACE  ELECTRONIC  STRUCTURE 

INVESTIGATION  BY  BALLISTIC-ELECTRON-EMISSION 

MICROSCOPY.*  L.  D.  Bell,  M.  H.  Hecht,  F.  J. 

Grunthaner,  and  William  J.  Kaiser.  Jet  Propulsion 

Laboratory,  California  Institute  of  Technology, 
Pasadena,  California. 

Ballistic-Electron-Emission  Microscopy  (BEEM)  is 
a  three-terminal  Scanning  Tunneling  Microscopy 
technique  which  enables  imaging  of  buried  inter¬ 
faces  with  nanometer  spatial  resolution.  Local 
BEEM  spectroscopy  of  ballistic  electron  transport 
through  interfaces  allows  direct,  spatially- 
resolved  measurements  of  critical  interface 
properties  including  Schottky  barrier  height, 
semiconductor  heterostructure  band  offset,  and 
interface  band  structure. 

Recent  BEEM  investigations  of  semiconductor 
heterostructure  electronic  properties  will  be 
discussed.  Au/AlAs/GaAs  heterostructures  have 
been  prepared  by  molecular-beam  epitaxy  (MBE)  and 
in-situ  processing  techniques.  BEEM  transport 
spectroscopy  results  for  these  thin,  MBE-grown 
heterostructure  tunnel  barriers  will  be  des¬ 
cribed.  BEEM  reveals  a  dramatic  dependence  of 
the  barrier  transport  spectra  on  layer  thickness 
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for  monolayer  thickness  variation.  Finally, 
results  employing  new  BEEM  capabilities  enabled 
by  low-temperature  operation  will  be  presented. 

‘Research  supported  by  ONR  and  SDIO/IST. 

C6.2 

T.E.M.  IMAGING  OF  AN  OPERATING  S  T  M.  STRAIN  EFFECTS 
OF  S.T.M.  J.C  H.  Spence.  Arizona  State  University,  Tempe, 
Arizona  85287-1504 

An  STM  has  been  constructed  which  operates  inside  a  TEM,  during 
reflection  electron  microscope  (REM)  imaging  (1,2).  REM  and  STM 
images  of  the  same  region  have  been  obtained.  These  show  that,  at 
a  vacuum  of  about  10'7  Torr,  reversible  elastic  strain  sometimes 
accompanies  tunneling.  A  Pt  tip  was  used  on  InP.  Video  recordings 
have  also  been  made  during  tunneling,  and  RHEED  patterns  are 
obtainable  from  the  region  imaged.  We  find  that  the  strain 
decreases  with  increasing  tunneling  bias  (larger  gap).  The 
possibility  that  these  observations  result  from  tunneling  through  an 
insulating  adsorbate  layer  will  be  discussed.  The  implications  of 
these  strains  for  spectroscopy  and  work  function  measurements  will 
be  outlined. 

1.  M.  Kuwabara,  W.  Lo  and  J.C.H.  Spence.  J.Vac.  Sci.  Tech. 
(1989)  in  press. 

2.  J.C.H.  Spence.  Ultramicros.  25,  p.  165  (1988). 

C6.3 

SLIDING  PLANES  MODEL  FOR  STM  IMAGING.  John  D. 
Todd  and  John  B.  Pethica,  Department  of  Metallurgy 
and  Science  of  Materials,  University  of  Oxford,  UK. 

Scanning  Tunnelling  Microscope  Images  of  layered 
materials  in  a  non-uhv  environment  exhibit  various 
anomalous  phenomena,  including  enhanced 
corrugation  heights,  periodicity  over  large  areas  and  a 
marked  absence  of  point  defects.  The  recent  images  of 
Au(lll)  and  Al(lll)  also  show  some  of  these 
properties.  We  have  modified  a  precision  indentation 
device  to  allow  STM  rastering  of  a  tip  across  a  surface, 
while  simultaneously  monitoring  mechanical  contact. 
Images  we  have  obtained  from  this  apparatus  on  a 
HOPG  sample  exhibit  atomic  scale  resolution  with 
contact  areas  much  larger  than  a  single  atom. 

Contrast  in  the  image  results  from  periodic 
conductance  fluctuations  as  the  layers  of  the  sample 
undergo  shear  in  the  region  of  the  tip.  We  provide  a 
quantitative  model  for  this  process,  which  explains  a 
variety  of  curious,  and  otherwise  unrelated 
phenomena  occurring  during  STM  imaging  of  these 
materials. 

C6.4 

THE  FORMATION  OF  Si(lll)txl-CI,  John  .1.  Boland  and  J.S. 
VlUarnibia,  IBM  Research  Division,  Thomas  J.  Watson  Research 
Center,  Yorktown  Heights,  NY  10598 


Using  scanning  tunneling  microscopy,  we  have  studied  the  struc¬ 
tural  modifications  induced  by  Cl  upon  reaction  with  Si(!  11)7x7. 
At  low  coverages  reacted  and  unreacted  sites  are  distinguishable  in 
both  current-voltage  curves  and  topographs.  At  saturation  cover¬ 
age  annealing  produces  extensive  mass  transport  in  which  most  of 
the  adatom  layer  is  stripped  away  and  accumulated  in  pyramidal 
Si  structures,  permitting  the  complete  underlying  Si  rest  atom  layer 


to  be  imaged.  Much  of  this  layer  initially  exists  as  nearly  adatom 
free  Cl  stabilized  7x7  domains,  but  further  annealing  converts  it 
slowly  to  the  more  favorable  bulk-like  lxl  structure.  Structures 
intermediate  between  the  7x7  and  lxl  are  observed. 

C7.1 

ATOMICALLY-RESOLVED  SURFACE  PHOTOVOLTAGE  MEAS¬ 
UREMENTS  BY  OPTICALLY-EXCITED  SCANNING  TUNNELING 
MICROSCOPY.  R.J.  Hamers  and  K.M.  Markert,  IBM  T.J.  Watson 
Research  Center,  Yorktown  Heights.  N.Y. 

Tunneling  microscopy  and  tunneling  spectroscopy  have  conven¬ 
tionally  been  applied  to  study  the  equilibrium  properties  of  sur¬ 
faces.  However,  many  of  the  most  important  electronic  properties 
at  surfaces  and  interfaces  are  dynamic  phenomena  such  as  trap¬ 
ping  and  recombination.  When  a  surface  or  interface  is  illumi¬ 
nated  with  visible  light,  the  created  electron-hole  pairs  will 
separate  due  to  local  band-bending,  resulting  in  a  photovoltage 
at  the  surface.  The  spatial  dependence  of  the  surface 
photovoltage  (SPV)  and  its  dependence  on  the  illumination  in¬ 
tensity  can  provide  unique  information  about  both  the  static  and 
dynamic  electronic  properties  of  surfaces  and  interfaces. 

We  have  used  scanning  tunneling  microscopy,  spectroscopy,  and 
potentiometry  to  study  the  atomically-resolved  surface 
photovoltage  on  both  clean  and  chemically-modified  silicon  sur¬ 
faces.  At  low  illumination  intensities,  the  SPV  signals  show  a 
logarithmic  dependence  on  the  incident  power.  At  higher  inten¬ 
sities  the  SPV  effect  saturates  as  the  bands  are  flattened,  thereby 
allowing  us  to  determine  the  absolute  surface  band-bending  with 
atomic  spatial  resolution.  Finally,  at  the  highest  intensities,  par¬ 
tial  inversion  of  the  surface  is  sometimes  observed.  Large  dif¬ 
ferences  are  observed  in  the  photovoltage  response  at  detects 
md  other  surface  irregularities.  These  differences  can  be  di¬ 
rectly  related  to  spatial  variations  in  the  local  surface  recombi¬ 
nation  rate  and  the  local  band-bending.  Detailed  measurements 
allow  us  to  distinguish  between  these  two  possibilities. 

C7.2 

PHOTOREFLECTANCE  STUDIES  OF  ADSORPTION-INDUCED 
CHANGES  IN  SURFACE  STATES  ON  G«As(100),  S.  Sheu, 
K.  Schultz,  and  E.  O.  Seebauer.  Department  of  Chemical 
Engineering,  University  of  Illinois,  Urbane,  IL  61801. 

Photoreflectance  (PR)  is  a  contactless  optical  technique  that  has 
traditionally  been  used  for  studies  of  the  bulk  electronic  properties  of 
semiconductors.  Recent  efforts  in  this  laboratory  have  focused  on 
using  PR  for  adsorption  measurements.  In  PR,  the  change  in  surface 
reflectance  induced  by  a  low-intensity  laser  is  measured  as  a  function 
of  the  wavelength  of  a  tunable  light  source.  At  sufficiently  high 
carrier  concentrations  (near  10u  cm’)  spectral  features,  known  as 
Franz-Keldysh  oscillations,  appear  due  to  quantum  effects.  In 
particular,  the  period  and  decay  of  the  oscillations  varies  in  response 
to  adsorption  of  Ga  and  As,  on  GaAs(lOO)  that  can  be  interpreted 
quantitatively  in  terms  of  small  changes  in  Fermi  level  pinning  and 
changes  in  recombination  rates  mediated  by  surface  states.  The 
effects  of  surface  recombination  on  the  oscillations  has  been 
evaluated  independently  through  studies  of  ion  bombardment.  Heavy 
bombardment  with  1  keV  Ar*  ions  decreases  surface  carrier  lifetime 
by  about  20%.  On  semi-insulating  samples,  an  optical  interference 
effect  in  PR  may  be  exploited  to  obtain  estimates  of  how  quickly 
charge  in  slow  surface  states  equilibrates  with  the  bulk.  Adsorption- 
induced  changes  in  this  phenomenon  due  to  Ga  and  As,  ate 
investigated  as  well. 
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C7.3 

THE  FIRST  MONOLAYERS  OF  Sb  ON  1 1  I - V -SEM I CONDUC - 
TORS  STUDIED  BY  LIGHT  SCATTERING.  Michael  Huner- 
ntann,  Jean  Geurta,  l.Phys.Inst.  RWTH  Aachen,  FR 
Germany  and  Wo  1 f gang  Richter,  Inst.  Festkorper- 
physik,  TU  Berlin,  FR  Germany 

Sb  has  been  deposited  under  UHV  conditions  on 
cleaved  (110)  face s  of  GaAs,  InP  and  GaP.  Inela¬ 
stic  (Raman)  and  elastic  light  scattering  was 
used  to  monitor  the  structural  and  morphological 
properties  of  the  Sb  overlayers.  A  sharp  peak  is 
observed  in  the  Raman  spectra  at  frequencies  of 
163  cm-1  (GaAs),  167  cm-1  (GaP)  and  185  cm-' 
(InP)  already  at  submonolayer  coverage.  Its 
intensity  turns  out  to  be  strongly  polarisation 
dependent.  From  the  attenuation  of  this  peak 
with  increasing  Sb  coverage,  the  dependence  on 
deposition  temperature,  the  variation  with 
substrate  and  the  correlation  with  growth 
morphology  (deduced  from  elastic  light  scatter¬ 
ing)  this  peak  must  be  due  to  vibrations  of  Sb 
atoms  at  the  III-V/Sb  interface.  The  sharpness 
of  this  peak  suggests  an  ordered  arrangement  of 
Sb  atoms  at  the  III-V  interfaces  as  has  been  re¬ 
ported  for  Sb  on  GaAs  in  the  literature.  The 
appearance  of  such  peaks  on  InP  and  GaP  covered 
with  Sb  also  suggests  an  ordered  growth  of  the 
first  Sb  monolayer  for  these  systems.  However, 
the  structural  arrangement  of  this  first  Sb 
'.aver  seems  to  be  not  the  same  for  the  three  se¬ 
miconductors  studied. 

For  larger  coverages  up  to  approximately  15 
monolayers  amorphous  Sb  is  observed  for  all 
three  systems  in  the  Raman  spectra,  which  cry¬ 
stallizes  from  thereon  to  rombohedral  Sb,  as  has 
been  reported  previously. 

C7.4 

STRUCTURAL  AND  ELECTRONIC  CHARACTERIZATION  OF 
TETAL -ON -METAL  INTERFACES*. 

Cj.  Vidal  i .  P.  Dowben,  and  C.W.  Hutchings,  Syracuse 
jniversity,  Physics  Dept.,  Syracuse,  N.Y.  13244-1130. 

We  used  Atomic  Beam  Scattering  (ABS)  and  ARUPS  to  study 
the  adsorption  of  Hg  on  Cu(100)  at  submonolayer 
coverages.  ABS  has  been  used  to  obtain  structural 
information  as  well  as  to  determine  isosteric  heats  of 
adsorption  at  various  coverages.  Over  a  wide  range  of 
•.emperatures  (from  room  temperature  to  150K)  we  find  that 
rtg  forms  a  c(2x2)  and  a  high  density  c(4x4)  phase  on 
Cu(100).  The  isosteric  heat  changes  by  0.6  eV  from  a  low 
disordered  to  a  c f 4x4 J  high  density  phase.  The  energetics 
and  structural  determinations  are  related  to  charges  in 
the  electronic  structures  determined  by  angle  resolved 
onotoemission. 

‘Sponsored  by  NSF  Grant  (/DMR-8802512 ,  DMR -8820729 
C7.5 

Kinetics  of  Bismuth  Overlayer  Formation  on  GaAs(UO)  Studied  Using 
Low  Energy  Electron  Diffraction  and  Time  Dependent  Monte  Carlo 
Simulation,  S.  L.  Chang.  T.  Guo,  W.  K.  Ford,  A.  Bowler,  and  E.  S. 
Hood,  Advanced  Materials  Center,  Department  of  Physics,  and  the 
Department  of  Chemistry.  Montana  State  Universiiv.  Bozeman.  Montana 
597 1 7  Low  energy  electron  diffraction  spot  profile  analysis  has 

been  used  to  investigate  the  kinetics  of  overlayer  growth  for  bismuth  on 
GaAsd  10).  Electron  diffraction  from  films  deposited  at  low  temperature 
was  analyzed  over  the  temperature  range  -100  C  to  200  C.  Adatom 
coverages  of  0.4,  0.7,  1.0  and  1.5  monolayers  have  been  studied.  The 
experimental  results  indicate  that  sixth  order  spots  begin  to  form  at 


coverages  as  low  as  0.7  monolayers,  with  an  ordering  temperature  of 
approximately  -30  C.  The  sixth  order  diffraction  arises  due  to  the  formation 
of  24  A  adatom  chains  along  the  (1  10)  direction,  the  short  direction  in  the 
gallium  arsenide  surface  unit  cell.  Adatom  induced  substrate  reconstruction, 
which  is  indicated  by  a  loss  of  the  (10)  diffraction  beam  intensity,  and  spot 
profile  narrowing  upon  annealing  have  been  observed.  Preliminary  analysis 
of  the  spot  profile  data  suggests  that  the  dominant  ordering  mechanism  is 
provided  by  an  attractive,  interchain  interaction  directed  perpendicular  to  the 
chain  axis.  Advanced  theoretical  analysis  using  time  dependent  Monte 
Catlo  simulations  is  currently  underway  to  examine  and  to  quantify  the 
kinetics  of  overlayer  formation  and  the  development  of  ordered  structure. 

C7.6 

IDEALLY  HYDROGEN  TERMINATED  Si(Ul)  SURFACES 
PREPARED  USING  HF  ACID  SOLUTIONS:  PRODUCTION  OF 
PERFECT  CRYSTAL  TERRACES?  G.  S.  Higashi.  Y.  J.  Chabal,  G. 
W.  Trucks  and  Krishnan  Raghavachari,  AT&T  Bell  Laboratories, 
Murray  Hill,  NJ  07974 

Infrared  absorption  spectroscopy  has  been  used  to  characterize  the 
silicon  hydrogen  stretching  vibrations  due  to  H-termination  of  Si 
surfaces  produced  by  HF  acid  etching.  Normal  HF  acid  etching 
(aqueous  HF  solutions  of  varying  concentrations)  results  in  surfaces 
which  are  atomically  rough,  exhibiting  vibrational  modes  characteristic 
of  mono-,  di-,  and  tri-hydride  Si  termination.  In  contrast,  pH  modified 
HF  solutions  (pH  =  9-10)  produce  ideally  terminated  Si(lll)  surfaces 
with  silicon  monohydride  (=S i-H)  oriented  normal  to  the  surface.  The 
surface  is  found  to  be  homogeneous  with  low  defect  density  (<  0.5%) 
and  extraordinarily  narrow  SiH  vibrational  linewidth  (0.95  cm-1 ). 
These  surfaces  are  very  stable;  rinsing  in  H2Ot  HC1,  or  NFL,  OH  for 
brief  periods  has  little  effect  on  the  vibrations  observed. 

The  implication  of  this  finding  is  that  the  surfaces  are  extremely  flat  and 
have  a  high  degree  of  crystalline  perfection.  The  high  degree  of 
-hemical  and  topological  control  of  this  interface  suggest  that  this 
surface  preparation  technique  may  be  useful  for  metal-oxide- 
semiconductor  device  applications. 

C8.1 

MOLECULAR  DYNAMICS  STUDIES  OF  INTERFACE 
FORMATION  DURING  THIN  FILM  GROWTH.  George  H.  Gilmer 
and  Marcia  H.  Grabow,  AT&T  Bell  Laboratories,  Murray  Hill,  NJ 
07974,  and  Aloysius  F.  Bakker,  Applied  Physics  Department,  Delft 
Technical  University,  2600  G  A  Delft,  The  Netherlands. 

We  have  simulated  the  deposition  of  semiconductor  thin  films  onto  a 
variety  of  different  substrates.  Molecular  dynamics  techniques  give 
information  on  the  atomic-scale  structures  at  all  stages  during  the 
growth  of  the  films,  and  some  of  these  sequences  will  be  illustrated  in 
a  videotape  of  the  model.  Simulations  of  large  atomic  systems  over 
extended  periods  of  time  were  made  possible  by  the  use  of  a  special- 
purpose  computer  ATOMS  which  we  constructed.  The  shared- 
memory  architecture  of  ATOMS  permits  efficient  use  of  parallel 
processing  with  a  limited  number  of  processor  boards.  We  now  have 
two  machines  operating,  each  of  which  runs  our  molecular  dynamics 
code  faster  than  the  in-house  supercomputer.  These  simulations  reveal 
some  of  the  atomistic  mechanisms  of  crystal  growth,  impurity 
incorporation,  defect  generation  and  strain  relaxation.  Special 
emphasis  is  given  to  the  effects  of  misfit  between  substrate  and  film, 
the  strength  of  the  bonds  between  the  film  atoms  and  the  substrate, 
and  dislocations  and  monatomic  steps  at  the  substrate  surface.  The 
stability  of  uniform  films  against  islanding  is  also  considered,  and  the 
influence  of  the  deposition  conditions  on  surface  uniformity  is 
examined. 
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C8.2 

A  MOLECULAR  DYNAMICS  STUDY  OF  WAIER-Pt  INTERFACE. 

K.  Foster,  K.  Raghavan  and  M.  Berkcwitz.  Department  of 
Chemistry,  University  of  North  Carolina,  Chapel  Hill,  NC. 

An  analytical  form  of  the  interaction  potential  for 
studies  of  rigid  surface-rigid  water  interface  is 
prescribed.  Using  this  potential  the  structure  and 
dynamics  of  water  lamina  between  the  Pt(100)  surfaces  is 
investigated.  The  surface  strongly  influences  the 
properties  of  two  layers  of  water.  The  adjacent  to  the 
metal  surface  water  layer  has  a  crystal -like  structure  in 
two-dimensions  parallel  to  the  surface.  Most  of  the 
molecules  in  this  layer  remain  at  the  energetically 
favorable  on-top  sites  over  the  duration  of  the 
simulation.  The  second  layer  is  not  crystal-like, 

although  the  remnants  of  the  order  imposed  by  the  surface 
are  clearly  seen.  Sane  of  the  molecules  in  the  second 
layer  are  located  above  the  water  molecules  of  the  first 
adsorption  layer.  Beyond  the  second  layer  water  displays 
bulk-like  character. 

C8.3 

NON-EQUILIBRIUM  MOLECULAR  DYNAMICS  SIMULATION  OF 
THE  RAPID  SOLIDIFICATION  OF  METALS.  Cliff  F.  Richardson 
and  Paulette  Clancv.  School  of  Chemical  Engineering,  Cornell 
University,  Ithaca,  NY  14853. 

A  recently  developed  non-equilibrium  Molecular  Dynamics  computer 
simulation  method1  is  used  to  study  the  rapid  melting  and 
resolidification  of  metals  including  copper,  gold  and  aluminum.  The 
interatomic  forces  between  metal  atoms  are  modeled  with  the  density 
functional  theory-derived  Embedded  Atom  Method  (EAM)^.  Two 
methods  are  used  to  parameterize  the  embedding  function  and  pair 
potentials  for  the  EAM:  one  is  due  to  Foiles^  for  liquid  transition 
metals,  the  other  was  developed  by  Oh  and  Johnson4  for  fee  and  hep 
metals.  The  results  from  the  two  models  are  compared  to  establish  the 
importance  of  the  hardness  of  the  potential  function.  They  are  also 
compared  to  results  for  the  simpler  Lennard-Jones  (LJ)  model  for  the 
interatomic  forces  to  determine  the  effect  of  the  many-bodv  forces  which 
are  present  in  EAM.  but  absent  in  LJ.  A  detailed  description  of  the 
solid/liquid  interface  morphology  will  be  made  together  with  the 
calculation  of  the  interface  temperature  and  velocity  to  establish  the  rapid 
interface  kinetics  and  their  effect  on  the  post-processed  product. 
Comparison  will  be  made  with  recent  experimental  results  due  to 
MacDonald  et  al^  for  the  picosecond  laser  melting  of  copper  and  gold. 

1.  D.K.  Chokappa.  S.J.  Cook  and  P.  Clancy,  Phys.  Rev.  B.,  40. 
May  15  (1989). 

2.  M.S.  Daw  and  M.l.  Baskes,  Phys.  Rev.  B.,  22.  6443  (1984). 

3.  S.M.  Foiles.  Phys.  Rev.  B..  22.  3409  (1985). 

4.  D.J.  Oh  and  R.A.  Johnson.  J.  Mater.  Res.,  2,  471  (1988). 

5.  C.  MacDonald.  A.M.  Malvezzi  and  F.  Spaepen,  J.  Appl.  Phys., 

129  (1989). 

C8.4 

PROPAGATION  AND  STABILITY  OF  MONATOMIC  STEPS  ON 
THE  SH001)  SURFACE  DURING  MOLECULAR-BEAM  EPITAXY. 
S  Clarke.  M.R.  Wilby,  D-D.  Vvedensky,  The  Blackett  Laboratory 
and  Semiconductor  Materials  IRC,  Imperial  College,  London  SW7 
2BZ,  United  Kingdom. 


The  2x1  dimer  reconstruction  of  the  Si(001 )  surface  leads  to  the 
creation  of  two  types  of  monatomic  steps,  those  with  dimers 
orientated  normal  to  the  step-edge  (SA)  and  parallel  (S^).  We  present  a 
Monte  Carlo  simulation  of  molecular  beam  epitaxy  on  vicinal  SK001 ) 
surfaces  comprising  an  ordered  array  of  mo>vatomic  steps. 
Comparison  of  simulated  2x1  domain  coverage  with  half-order 
features  in  RHEED  allows  us  to  follow  the  propagation  of  steps  at  the 
surface.  We  observe  preferential  growth  at  S,  steps  for  high  fluxes, 
however  for  low  fluxes  this  situation  is  reversed  and  growth  is 
localizedat  r,A  steps.  Detailed  reproduction  of  the  surface 


morphology,  as  observed  by  STM,  enables  a  kinetic  moo  'j  of  this 
phenomena  to  be  proposed.  Our  study  highlights  the  sensitivity  of  the 
solid-vacuum  interface  to  the  imposition  of  non-equilibrium 
constraints  by  the  incident  Si  flux.  We  extend  this  analysis  to  bi-vianal 
surfaces,  in  which  the  surface  has  been  misorientated  in  two 
perpendicular  directions. 

C8.5 

A  NEW  DEFECT  ON  THE  RECONSTRUCTED  Si(100)  SURFACE;  An 
AB  INITIO  MOLECULAR-DYNAMICS  STUDY.  Siqeo  Ihara  and 
Shi  Lun  Ho,  Central  Research  Laboratory,  Hitachi  Ltd., 
Kokubunji,  Tokyo,  Japan;  Tsuyoshi  Uda  and  Masahiko  Hirao, 
Advanced  Research  Laboratory,  Hitachi  Ltd.,  Kokubunji,  Tokyo, 
Japan; 

The  modified  method  of  Car  and  Parrinello  [1]  has  been  used 
to  perform  molecular-dynamics  of  Si(100)  surface.  In  our 
method,  the  first  order  equation  of  motion  is  used  for  the 
ectronic  wave  functions  in  contrast  to  the  second  order  one  in 
the  original  dynamical  simulated  annealing. 

With  this  method  the  2X1  reconstructed  Si(lOO)  surface  is 
studied.  We  found  a  new  type  of  defect  on  the  surface;  atoms 
which  form  the  dimer  are  recessed  from  the  surface,  and  are 
located  at  the  interstitial  sites.  This  recessed  or  interstitial 
dimer  and  the  adjacent  on-surface  dimer  are  both  symmetric. 
The  energy  difference  per  dimer  between  the  recessed  and  the 
usual  on-surface  asymmetric  dimer  is  less  than  0.1  eV.  Finite 
temperature  simulations  indicate  that  these  interstitial  dimers 
are  stable. 

The  relationship  of  these  new  dimers  to  the  missing  dimers 
observed  by  STM  [2]  and  the  vacancy  model  proposed  by 
Pandey[3]  is  discussed. 


[HR.  Car  and  M.  Parrinello,  Phys.  Rev.  Lett.  55.  2471  (1985) 

I2J  R.  J.  Hamers,  R.J.  Tromp,  and  J.E.  Demuth,  Phys.  Rev.  B34. 
5343(1985) 

[3]  K.C.  Pandey.  in  Proc.of  the  17th  Inter.  Conf.  on  the  Physics 
of  Semiconductors.ed.  by  D.J.  Chadi  and  W.H.  Harrison 
(Springer-Verlag,  New  York  1985),  p.55 

C9.1 

ELECTRONIC  AND  ATOMIC  STRUCTURES  OF  SILICIDE/Si 
CONTACT  SYSTEMS  STUDIED  BY  SXS.  H.Watabe.  Matsu¬ 
shita  Electric  Industrial  Co.,  Ltd.,  Osaka  540, 
Japan,  M,  I  warn  i .  M.Hirai,  M.Kusaka.  Research  Labo- 
ratory  for  Surface  Science,  Faculty  of  Science, 
Okayama  University,  Okayama  700  Japan  and 
H, Nakamura,  Osaka  Electro-Communication  Universi¬ 
ty,  Neyagawa,  Osaka  572,  Japan, 

It  has  been  clarified  by  some  of  the  authors  and 
others  that  Sl-L?  3  valence  band  soft  x-ray  emis¬ 
sion  spectra(SXS)  show  a  clear  difference  between 
several  Si-compounds  and  a  Si  crystal [ 1  ].  An 
Interesting  point  of  our  new  application  of  SXS 
method  to  a  hetero-interface  system  is  that  it  is 
able  to  clarify  either  electronic  or  atomic  stru¬ 
cture  of  solid  surfaces  and  Interfaces  non-des- 
truct1vely[l  ]. 

Several  silicides/Sl  contact  systems  are  studied 
by  the  SXS,  XPS(x-ray  photoelectron  spectroscopy) 
and  several  other  methods.  S 1  —  L ^  j  SXS  spectra 
of  several  silicides  are  composed  o’F  mainly  three 
parts  including  a  peak  at  photon  energy  of  100 
•  V,  f.e.,  near  Ep.  Since  the  soft  x  ray  emission 
Is  Induced  by  an  electron  transition  from  a 
valence  band  to  a  Si(2p)  core  hole,  the  SXS 
spectra  are  expected  to  reflect  the  valence  band 
D0S(dens1ty  of  state)  with  an  s-  and  d-symmetry 
due  to  a  selection  rule.  Also,  a  d-like  DOS  of 
transition  metals  is  axpected  to  be  near  Ep.  This 
indicates  the  d - 1  Ike  DOS  near  Ep  is  not  due  to  a 
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nonbonding  d-statt  but  due  to  a  bond  formation 
between  a  transition  metal  and  a  Si  atom.  Inter¬ 
face  structures  will  be  discussed  on  this  base. 

[1]  M. I  warn  1 .  et  al..  Surf.  Sci.  199  (19881  467. 

C9.2 

COMPACT  AND  HIGH-RESOLUTION  ION  BACK SCATTERING 
ANALYSIS  SYSTEM,  CHIRIBAS 
Y . Kido,  i.Konomi,  A.Kawano,  and  J. Kawamoto 
Toyota  Central  R  &  D  Laboratories,  Inc., 
Nagakute-cho,  Aichi-gun,  Aichi-ken,  480-11,  Japan 

The  design  and  performance  of  CHIRIBAS (Compact  and 
High-Resolution  Ion  Backscattering  Analysis  Sysr 
tem)  are  presented.  The  system  consists  of  a  50 
kv  duoplasmatron  and  energy  analyzers  connected 
to  a  personal  computer.  The  5-50  keV  H°,  He0,  and 
He+  beams  are  backscattered  to  180*  and  their  en¬ 
ergies  are  analyzed  by  a  time-of-flight  technique 
or  with  an  electrostatic  deflector  combined  with 
a  position  sensitive  micro-channel  plate.  The 
probing  depth  and  depth  resolution  are  estimated 
to  be  up  to  50  and  0.5  nm,  respectively.  The 
computer-simulated  spectrum  analysis  allows  rapid 
and  accurate  determination  of  surface  and  inter¬ 
face  structures  such  as  lattice  disorder  and  mor¬ 
phology.  CHIRIBAS  also  allows  the  measurement  of 
excited  state  populations  using  Stark  ionization 
for  the  5-10  keV  H°  neutralized  at  the  exit  sur¬ 
face.  This  technique  provides  the  possibility  to 
determine  the  energy  and  spatial  distributions  of 
the  valence  electrons  extending  outward  from  the 
top  surface.  The  present  study  includes  the  dis¬ 
cussion  on  the  physical  basis  of  ion-solid  inter¬ 
actions  and  the  preliminary  data  on  surface  struc¬ 
tures  obtained  by  CHIRIBAS. 

C9.3 

TEMPERATURE  DEPENDENT  CURRENT- VOLTAGE  CHARAC¬ 
TERISTICS  IN  THIN  SiO,  FILMS.  Jin  Zhao  and  N.M.  Ravindra.  Mi¬ 
croelectronics  Center.  Ne*  Jersey  Institute  of  Technology,  Newark. 
New  Jersey  07102. 


An  analysis  of  the  Fowler-Nordheim  theory  and  its  application  to  tem¬ 
perature  dependent  current-  voltage  characteristics,  of  very  thin  films  of 
SiO.,  on  silicon,  is  presented.  The  final  results  are  believed  to  provide 
the  Tnost  complete  examination  of  Fowler-Nordheim-emission  theory 
and  predict  the  breakdown  electnc  field  in  very  thin  (2.5-20  nm)  SiO-, 
films.  The  role  of  the  roughness,  at  the  Si-SiO-,  interface,  in  determining 
the  Fowler-Nordheim  current  in  these  structured  is  also  discussed. 

C9.4 

SPECTROSCOPIC  ELLIPSOMETRY  AS  A  NON-DESTRUCTIVE 
TECHNIQUE  FOR  CHARACTERIZATION  OF  ATOMIC-SCALE  IN¬ 
TERFACES  IN  MULTI-LAYER  STACKS.  J  L  Stable,  J  H 
Lacat.  J  P  Pial,  SOPRA,  26/68  rua  Piarra  Joig- 
neaux,  92270  Boia-Coloabee,  FRANCE.  L  C  Hammond, 
ARIES/QEI,  Concord  MA  01742,  USA. 

Analyaia  of  oxida  intarfacaa  with  aamiconductor 
aubatrataa,  auch  aa  crystalline  silicon,  gallium 
araanida  or  indium  phosphide  is  critical  in 
processing  and  electrical  performance.  For 
various  layer  growth  processes,  interfaces  can  be 
characterised  by  spectroacopic  ellipsometry  (SE) . 

The  wide  spectral  range  (1.3  to  S.3  eV)  of  SE  al¬ 
lows  an  optical  penetration  depth  of  lOnm  to  a  few 
microns.  It  also  allows  coverage  of  the  critical 
range  of  crystallinity  peaks  of  silicon,  ger¬ 
manium,  gallium  arsenide  and  indium  phosphide. 

A  multilayer  stack  can  be  characterised  in  terms 
of  its  layer  thicknesses  and  mixture  compositions. 
As  SE  is  a  non-destructive  technique,  the  physical 


parameters  thickness  and  composition  must  be  cal¬ 
culated  through  a  mathematical  model.  Linear 
regression  analysis  is  used  to  minimise  the  dif¬ 
ferences  between  the  measured  spectrum  and  the 
calculated  model.  The  error  parameter  term,  , 
is  used  ae  an  indication  of  the  quality  of  the 
fit.  If  necessary,  an  interlayer  can  be  intro¬ 
duced  into  the  model  to  enhance  the  fit.  Its 
thickness  can  be  measured  with  a  sensitivity  bet¬ 
ter  than  2  Angstroms.  Examples  will  be  given. 


C9.5 

ADSORPTION  AND  TRIBOCHEMICAL  REACTIONS.  W.  M.  Mullins, 
Purdue  University,  West  Lafayette,  IN;  and  T.  E.  Fischer, 
Stevens  Institute  of  Technology,  Hoboken,  NJ. 

A  model  for  chemisorption  based  on  the  Lewis  theory  is 
proposed  and  developed.  The  model  reproduces  the  observed 
relationship  between  aqueous  solubility  and  band  gap  for 
covalent  oxides .  A  relationship  is  shown  between  the 
calculated  free -energy  of  the  surface  reactions  and  the 
observed  effect  of  water  on  the  wear  of  these  materials. 
This  relationship  is  explained  in  terms  of  surface 
reaction  rate  and  equilibrium.  Similar  calculations  for 
the  adsorption  of  -C00H  and  -CH^ -  functional  groups  are 
presented.  The  results  a.e  compared  to  water  adsorption 
calculations  and  related  to  experimental  wear  test  results 
for  model  fluids  on  covalent  oxides.  The  effect  of  water 
on  lubricant  adsorption  is  discussed. 

C9.6 

DIRECT  REAL  SPACE  IDENTIFICATION  OF  THE  PRO¬ 
DUCTS  OF  A  SURFACE  CHEMICAL  REACTION  USING 
SCANNING  TUNNELING  MICROSCOPY.  John  J.  Boland  and 
j.S.  Villarntbia,  IBM  Research  Division,  Thomas  J.  Watson  Re¬ 
search  Center.  Yorklown  Heights,  NY  10598 


In  this  talk  we  show  that  it  is  possible  to  distinguish  between  the 
various  products  from  the  reaction  of  Cl  with  the  adatom  layer  of 
the  Si(l  I  I)-7x7  surface.  Initially  the  Cl  reacts  with  the  adatom 
dangling  bond  state  but  at  higher  coverages  it  inserts  itself  in  the 
Si-Si  bonds  between  the  adatom  and  rest  atoms  layers.  As  a  result 
there  are  three  possible  products  reflecting  adatoms  which  have  re¬ 
acted  with  one,  two  or  three  Cl  atoms.  These  products,  which  cor¬ 
respond  to  three  different  Si  adatom  oxidation  states,  are 
characterized  by  different  registries  with  respect  to  the  underlying 
rest  atom  layer  and  appear  in  STM  images  as  adatoms  of  different 
sizes.  The  origin  of  these  differences  is  discussed. 


C9.7 

DISCRIMINATION  OF  ATOMS  ON  THE  SURFACE  OF  A  TWO 
DIMENSIONAL  SOLID  SOLUTION  WITH  SCANNING 
TUNNELING  MICROSCOPY.  B.  A.  Parkinson.  E.  I.  DuPont  de 
Nemours  &  Co.,  Central  Research  and  Development  Department, 
P.  O.  Box  80328,  Wilmington,  DE  19880-0328 

Atomic  resolution  STM  images  of  WS2,  WSe2  and  the  solid 
solution  WSeS  were  obtained  in  air.  The  statistical  distrubution 
of  the  peak  tunneling  currents  at  each  atom  location  was  much 
larger  for  the  solid  solution  than  for  the  pure  phases.  A  clearly 
separated  bimodal  distribribution  was  not  observed  for  WSeS 
and  so  surface  ocuppancies  could  not  be  unambiguously 
assigned.  A  model  relating  the  magnitude  of  the  tunneling 
current  of  a  given  atom  to  its  identity  and  nearest  neighbor 
environment  was  then  developed.  Computer  simulated  images 
using  this  model  were  compared  with  the  real  images.  Using  the 
model  sulfur  and  selenium  positions  for  the  imaged  surface  could 
then  be  deduced  for  >90%  of  the  surface  atoms.  The  occupancy 
appeared  to  be  random  as  was  expected  for  a  solid  solution. 
Speculative  applications  for  the  ability  to  discriminate  surface 
atoms  are  discussed. 
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C9.8 

A  Raman  Scattering  Study  of  Interface  Roughness  in  Small 
Period  GaAs/AlAs  Superlattices 

D.  Gammon,  B.  V.  Shanabrook  and  W.  Tseng 
Naval  Research  Lab,  Washington  DC  20375 


Raman  scattering  (RS)  has  been  used  extensively  to 
study  the  vibrational  modes  of  (GaAs^AlAs)™  superlattices. 
Specifically,  the  energies  of  the  confined  optical  phonons  pro¬ 
vide  information  about  the  interfacial  roughness  and  the 
energies  and  intensities  of  the  folded  acoustic  phonons  provide 
information  about  the  period  and  interfacial  roughness  of  the 
superlattice.  Because  tne  energies  of  these  modes  are  sensitive 
to  the  structural  parameters  of  the  superlattice,  RS  has  consider¬ 
able  potential  as  a  characterization  technique.  This  is  especially 
true  for  very  small  periods  where  luminescence  and  absorption 
spectra  are  difficult  to  interpret,  and  for  small  or  thin  structures 
where  x-ray  diffraction  is  less  useful. 

In  this  paper  we  review  the  properties  of  superlattice 
phonons  which  are  useful  for  the  characterization  of  super- 
lattices,  and  we  present  the  results  of  a  study  of  interfacial 
shaipness  in  a  series  of  samples  grown  by  novel  MBE  techni¬ 
ques.  A  comparison  of  the  advantages  and  disadvantages  of  RS 
relative  to  those  of  x-ray  diffraction  will  be  given. 

*  A  detailed  discussion  of  the  x-ray  results  will  also  be  given  at 
the  conference. 

C9.9 

Bismuth/InSbll  10)  Interface  Studied  Using  Low-Enerev  Electron 
Diffraction  -  T.  Guo  and  W.  K.  Ford,  Advanced  Materials  Center  and 
the  Department  of  Physics,  Montana  State  University.  Bozeman.  Montana 
*i9717 

Metals  are  not  generally  known  to  form  ordered  overiayers  on  the  (110) 
surface  of  III-V  semiconductors,  largely  because  of  the  Stability  introduced 
by  the  charge  redistribution  that  drives  the  reconstruction  of  the  clean 
surface.  Two  semimetals,  antimony  and  bismuth,  are  known  counter 
examples.  We  report  on  a  new  interface  system  Bi/lnSb(110),  studied 
using  quantitative  low  energy  electron  diffraction.  LEED  diffraction 
inn  nsity  analysis  has  been  performed  on  cleaved  samples  with  various 
coverages  of  bismuth  overlayer  deposited  at  room  temperature.  Our 
measured  LEED  intensity  profiles  show  that,  unlike  the  GaAs(l  10)  case, 
there  is  no  long-range  order  in  the  bismuth  overlayers  for  as-deposited 
samples  on  InSb(llO).  However,  following  annealing,  bismuth  forms 
ordered  overlayers  with  a  (1x3)  phase  for  one  monolayer  of  bismuth  and  a 
(1x2)  phase  for  two  monolayers  of  bismuth.  Furthermore,  for  either  as- 
deposited  or  annealed  samples,  there  is  evidence  that  the  InSb(l  10)  clean 
surface  reconstruction  is  not  removed  by  the  bismuth  overlayers.  Detailed 
experimental  procedures  and  results,  as  well  as  a  possible  growth 
mechanism  will  be  presented  and  discussed  and  compared  to  the  bismuth 
on  GaAs(llO)  system. 

C9.10 

UNDCR.1 .  ,\NDING  THE  INFLUENCE  OF  INTERFACE  PROPERTIES  AND 
DEPOSITION  PARAMETERS  ON  THE  SELECTIVE  GROWTH  OF  (100)  AND 
(110)  CoGa  FILMS  ON  (KXOGaAs.  Young  K.  Kim,  Dclrov  A  Bauch  and 
R.  Stanley  Williams.  Dcparimcm  of  Chemistry  and  Biochemistry, 

University  of  California,  Los  Angeles,  CA  90024. 

The  codeposition  of  elemental  Co  and  Ga  by  molecular  beam  epitaxy 
is  used  to  selectively  prepare  (100)  and  (110)  oriented  CoGa  films  on 


(100)  GaAs  surfaces.  The  propensity  towards  a  particular 
orientation,  (100)  or  (1 10)  CoGa,  is  investigated  as  a  function  of  the 
relative  Co  and  Ga  incident  flux  (i.e.  the  film  stoichiometry),  total 
deposition  rate,  and  the  surface  temperature.  The  effects  of 
predepositing  one  to  several  monolayers  of  Co  or  Ga  on  the  clean 
GaAs  surface  prior  to  film  growth  is  also  studied  in  detail.  The 
primary  diagnostic  techniques  utilized  in  these  experiments  arc 
Auger  electron  spectroscopy  (AES),  transmission  electron  microscopy 
(TEM),  two  theta  x-ray  diffractometry  (XRD)  and  x-ray  photoelectron 
spectroscopy  (XPS).  In  addition,  a  quadrupole  mass  spectrometer 
(QMS)  and  a  quartz  crystal  monitor  (QCM)  are  used  for  precise  on¬ 
line  calibration  of  the  relative  and  total  beam  flux. 

Preliminary  results  indicate  a  strong  depedence  of  the  observed 
orientation  specificity  on  the  film  stoichiometry  and  on  interface 
reactions  which  appear  to  be  controlled  by  the  surface  temperature. 

The  lattice  parameter  of  CoGa  (cubic  CsCI  structure)  varies  over  a 
rather  wide  range  with  the  relative  concentration  of  Co/Ga  and  is 
therefore  expected  to  affect  the  dynamics  leading  to  production  of 
preferred  orientations.  TEM  results  have  shown  that  in  some 
circumstances  interface  reactions  can  also  play  an  important  role  in 
this  process.  All  aspects  of  the  interface  chemistry  and  physics  and 
how  they  affect  the  orientation  specificity  will  be  discussed. 

C9.ll 

OBSERVATION  OF  HETEROEPITAXIALLY  CROWN  ORGANIC 
OLTRATHIN  LAYERS  ON  INORGANIC  SUBSTRATES  BY  IN 
SITU  RHEED  AND  UHV  STM.  Masahiko  HARA,  Hiroyuki 
SASABE,  Akira  YAMADA  and  Anthony  F.  GARIT0,  Fron¬ 
tier  Research  Program,  The  Institute  of  Physical 
and  Chemical  Research  (RIKEN  Institute),  Wako, 
Saitama  351-01,  JAPAN. 

Heteroepitaxial  growth  of  organic  ultrathin  layers 
on  inorganic  substrates  was  carried  out  in  a  newlv 
developed  organic  molecular  beam  epitaxy  (0MBE) 
system  under  a  base  pressure  of  ca.  2x10-10  torr. 
The  positional  and  orientational  order  of  the 
organic  layers  was  determined  during  actual  layer 
growth  by  in  situ  reflection  high-energy  electron 
diffraction  (RHEED)  from  less  than  a  monolayer. 

The  two-dimensional  diffraction  pattern  is  stored 
in  a  microcomputer  through  a  CCD  camera  for  inten¬ 
sity  analysis.  The  0MBE  system  has  also  a  portable 
vacuum  chamber  so  that  the  0MBE  films  can  be 
transferred  directly  into  a  separate  ultrahigh 
vacuum  scanning  tunneling  microscope  (UHV  STM) 
system . 

The  RHEED  pattern  revealed  that  molecularly  flat 
metallophthalocyanine  (MPc)  ultrathin  layers  have 
been  grown  heteroepitaxially  on  a  cleaved  surface 
of  a  transition  metal  dichalcogenide  (MX2)  sub¬ 
strate.  The  MPc  layer  has  its  own  lattice  con¬ 
stant,  which  is  completely  different  from  that  of 
MX,  even  at  the  initial  deposition  stage.  This 
indicates  that  very  large  lattice  mismatched 
structures  can  be  obtained  by  this  0MBE  technique. 
Further  in  situ  RHEED  and  UHV  STM  measurements  are 
now  in  progress  and  an  extended  discussion  will  be 
reported  in  the  symposium. 

C9.12 

A  NOVEL  COMPUTATIONAL  METHOD  FOR  EPITAXIAL 
ENERGY  ON  AN  INCOMMENSURATE  AND/OR 
COMMENSURATE  INTERFACE.  Sun  M.  Paik  and 
Ivan  K.  Schuller,  Physics  Department,  B-019,  University  of 
California.  San  Diego.  La  Jolla,  CA.  92093 

A  new  ‘mapping  technique’  is  introduced  which  allows  the 
study  of  epitaxy  on  sysams  which  are  commensurate,  axial 
commensurate  or  incommensurate.  This  method  applied  to 
the  fee  (Uiybcc  (110)  system  predicts  a  new  epitaxial 
orientation,  in  good  agreement  with  a  recent  experiment,  as 
well  It  the  well-known  KS  and  NW  orientations.  An 
epitaxial  orientational  shift  as  a  function  of  island  size  aid 
system  temperature  is  also  predicted  These  results  are  in 
good  agreement  with  nonerical  model  calculations.  The  study 


of  atonic  force  microscopy  (and  scanning  tunnelling  microscopy) 
using  this  technique  and  molecular  dynamics  simulation  will 
also  be  discussed. 

Wotk  supported  by  the  National  Science  Foundation 
Gram  *  DMR  87-01921. 

C9.13 

FULL  POTENTIAL,  LMTO  CALCULATION  OF  TiC 
FRACTURE  D.L.  Price  and  B.R.  Cooper,  Dept,  of  Physics,  West 
Virginia  University,  Morgantown,  WV  26506" 

Fracture  properties  of  structural  materials  such  as  the  transition- 
metal  carbides,  and  factors  controlling  such  fracture,  are  of  great  in¬ 
terest.  In  the  rocksalt  carbides,  the  cleavage  plane  is  the  (001)  plane, 
a  result  which  is  at  first  appearance  surprising  since  (001)  cleavage 
separates  the  largest  number  of  covalent  bonds  per  unit  area.  Here 
we  report  on  an  electronic  structure  calculation  of  the  cleavage  be¬ 
havior  of  stoichiometric  titanium-carbide  along  a  (001)  plane.  This  is 
accomplished  by  use  of  a  repeated  slab  supercell  calculation,  in  which 
the  separation  between  slabs  is  varied  to  allow  simulation  of  the  cleav¬ 
age  process.  At  the  the  largest  separations  we  then  have  a  repeated 
slab  calculation  of  the  Ti-C/vacuum  surface.  As  the  surface  sepa¬ 
ration  is  varied,  we  examine  both  the  cleavage  energy  and  cleavage 
forces  and  relate  these  properties  to  the  behavior  of  the  Ti  d  -  C  p 
covalent  bonds  at  the  surface. 

The  methodology  is  based  on  performing  full-potential  linear  combi¬ 
nation  of  muffin-tin  orbitals  calculations  of  total  energy  for  TiC  in  a 
superlattice  arrangement.  Our  LMTO  implementation  includes  a  true 
interstitial  region.  Besides  incorporating  a  full  potential,  we  provide 
for  increased  variational  freedom  in  the  basis  set  compared  to  standard 
LMTO  practice,  giving  the  ability  to  deal  accurately  with  both  bulk 
and  surface  atomic  arrangements  and  the  transition  between  these. 

"Supported  by  AFOSR  Grant  AFOSR-87-0251. 

C9.14 

COMPARISON  OF  SURFACE  ATOMIC  GEOMETRIES  OF  TETRAHEORALLY 
COORDINATED  COMPOUND  SEMICONDUCTORS  WITH  THOSE  OF  RUTILE 
STRUCTURE  OXIDES,  Charles  B.  Duke,  and  Michael  R. 

Thompson.  Pacific  Northwest  Laboratory,  Richland,  WA. 

The  cleavage  surfaces  of  tetrahedral ly-coordinated 
compound  semiconductors  are  known  to  undergo  extensive 
relaxations.  These  occur  because  of  the  possibility 
bond-length-conserving  top-layer  rotations  associated 
with  the  existence  of  only  three  bonds  for  each  surface 
atom  in  the  truncated  bulk  structure.  In  rutile  structure 
oxides  (e.g.,  SnO-,  GeO-,  PbO~,  TiO-),  however,  the  (110) 
and  (100)  the  cleavage  Surfaces  do  not  admit  such  bond- 
length-conserving  relaxations.  A  series  of  tight-binding 
total-energy  models  which  described  quantitatively  surface 
relaxations  on  tetrahedral ly-coordinated  ZnO  has  been 
extended  to  encompass  rutile  structure  oxides. 

Calculations  indicate  that  the  (110)  and  (100)  surfaces 
are  not  predicted  to  relax.  Detailed  analysis  reveals 
that  the  absence  of  bond-length-conserving  relaxations 
which  yield  more  stable  distorted  local  coordination  is 
the  reason  for  this  behavior.  This  finding  suggests 
fundamentally  greater  surface  stability  for  rutile  oxides 
relative  to,  e.g.  wurtzite  structure  ZnO. 

(1)  C.B.  Duke  and  Y.R.  Wang,  J.  Vac.  Sci.  Technol.  B  6, 

1440  (1988). 


*  Operated  by  Battelle  Memorial  Institute  for  the  US 
Department  of  Energy  under  Contract  DE-AC06-76RL0-1830. 


C9 . 15 

A  CYCLIC-CLUSTER  MINDO/3  COMPUTATION  OF  THE  RE¬ 
LAXED  EQUILIBRIUM  STRUCTURE  AND  VIBRTATIONS  OF 
THE  HYDROGENATED  SILICON  (111)  SURFACE.  Peter  Dedk, 
Physical  Institute  of  the  Technical  University  of  Budapest, 
Hungary  1521;  Lawrence  C.  Snvder.  Chemistry  Depart¬ 
ment,  and  Carlos  O.  Rodrigues,  Physics  Department,  State 
University  of  New  York  at  Albany,  1400  Washington  Av¬ 
enue,  Albany  NY  12222. 

We  have  employed  a  slab  shaped  cyclic-cluster  contain¬ 
ing  54  silicon  atoms  (surface  unit  cell  is  3x3,  width  is  6 
layers)  covered  by  hydrogen  atoms  on  both  sides.  We 
used  the  Modified  Intermediate  Neglect  of  Differential 
Overlap  (MINDO/3)  method  to  compute  the  relaxed  equi¬ 
librium  structure.  The  resulting  surface  electronic  struc¬ 
ture  and  vibrational  modes  are  discussed. 

C9 . 16 

STRUCTURAL  AND  ELECTRONIC  PROPERTIES 
OF  SEMICONDUCTOR-  METAL  AND  SEMICONDUCTOR- 
INSULATOR  INTERFACES  AT  MONOLAYER  COVERAGE. 
Stefano  Ossicini.  C.Arcangeli  and  O.Bisi,  Dipartimento  di  Fisica, 
Universita  di  Modena,  41100  Modena,  Italy. 

A  theoretical  study  of  the  processes  involved  in  the  formation 
of  epitaxial  interfaces  between  Si  and  metals/ insulators  has  been 
performed  by  the  LMTO-ASA  method,  in  a  version  suited  to  deal 
with  solid-  vacuum  interfaces  [lj.  The  investigated  systems  in¬ 
clude  the  interface  formed  by  1  monolayer  of  Na  or  Ca  on  Si(lll) 
and  the  adsorption  of  F  on  the  Ca-Si(lll)  interface.  The  F-Ca- 
Si(lll)  system  is  formed  at  the  initial  stages  of  the  CaFj-Si(lll) 
interface  formation. 

The  dispersion  and  the  features  of  the  metal  induced  interface 
states  at  different  adsorption  geometries  have  been  studied  and  the 
effect  of  F  interaction  has  been  calculated.  Our  results  provide  an 
explanation  for  the  existing  experimental  data  of  Na-Si(lll),  Ca- 
Si(lll)  and  CaFj-Si(lll)  interfaces.  The  comparison  with  the 
calculation  of  the  corresponding  bulk  compounds  points  out  the 
features  due  to  the  interface. 

|1]  S.Osuicini  and  O.Bisi,  Surf.  Sci.  211/212.  572,  1989 
C9.17 

CALCULATIONS  FOR  MERCURY  ADSORPTION  ON  COPPER.* 

M.  Karlml.  Utica  College,  Physics  Dept.,  Utica,  N.Y.  and 
G.  Vidali,  Syracuse  University,  Physics  Department, 

Syracuse,  N.Y. 

We  have  calculated  the  interaction  between  an  Hg  atom  and 
a  Cu(ZOO)  surface.  We  also  calculated  the  Interaction 
potential  for  He  on  a  Hg-plated  Cu  surface.  Using  recent 
Helium  beam  scattering  data  (1),  we  are  able  to  obtain 
structural  and  dynamical  information  on  a  Hg  layer  on 
Cu(lOO).  Preliminary  computer  simulations  will  also  be 
presented. 

1)  G.  Vidali,  C.W.  Hutchings,  C.  Moses,  in  preparation. 

*  Sponsored  by  NSF  Grant  #8802512  and  Sloan  Foundation 
(G.V.) 
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C9.18 

DOUBLE  CRYSTAL  X-RAY  DIFFRACTION  MEASUREMENT  OF  A 
TRICLIN1CLY  DISTORTED  AND  TILTED  Al,Ga1.,As  UNIT  mi 
PRODUCED  BY  GROWTH  ON  OFFCUT  GaAs  SUBSTRATES. 
A.  Leiberich  and  J.  Levkoff,  AT&T  Bell  Laboratories,  Engineering 
Research  Center,  Princeton,  NJ. 

Important  corrections  are  required  for  double  crystal  X-ray  diffraction 
characterization  of  epitaxial  Al,Gai.IAs  layers  grown  on  offcut  GaAs 
substrates.  These  corrections  can  have  technological  impact  for  thin  film 
fabrication  where  precise  and  reproducible  process  control  is  required. 
Double  crystal  X-ray  diffraction  measurements  of  epitaxial  Al,Ga,.,As 
grown  on  offcut  (100)  GaAs  substrates  are  interpreted  in  terms  of  a  triclinic 
distortion  of  the  film  unit  cell  with  concurrent  unit  cell  tilt.  The  results 
indicate  that  cell  distortions  and  tilt  angles  oppose  each  other,  but  remain 
approximately  col  inear  with  the  direction  of  the  offcut  angle  alignment 
Application  of  conventional  formalism  to  this  unit  cell  geometry  can  result 
in  significant  errors  for  the  measurement  of  the  film's  stoichiometry  and  can 
lead  to  wrong  assumptions  about  the  epitaxial  film's  commensuracy.  A 
formalism  is  presented  providing  the  correct  crystallographic  parameters  and 
film  stoichiometry.  The  results  of  this  analysis  provide  a  fundamental 
description  of  the  epitaxial  film/substrate  crystal  geometry  valid  for  cubic 
semiconductor  heteroepitaxy  on  offcut  substrates. 

C9.19 

A  M-LHANISM  TOR  SOLUTE  SEGREGATION  TO  CHAIN  BOLtOVRIES 

CHU  Y'ouyq  and  D-IANG  Sanhong,  Hie  Ncnferrous  Metals  Society 
of  China,  9  Xi zhang  Hutong,  Xizhimennei  Dajie,  Beijing 
100814,  China  ~  ' 

Boron  is  cne  of  typical  surface  active  solutes.  Recently 
it  has  been  found  that  there  exist  equilibrium  and  non- 
equi librium  segregations  of  boron  at  austenite  grain 
boundaries  after  quenching  from  a  high  temperature,  which 
vxxild  give  strong  effect  cn  the  structures  of  the  grain 
boundaries  and  properties  of  the  materials. 

Based  on  the  consideration  of  local  equilibrium  amcng 
vacancies,  solute  atoms  and  vacancy-solute  atcm  complexes, 
a  mechanism  for  solute  segregation  to  grain  boundaries 
has  been  suggested  for  a  alloy  system  with  binding  energy 
of  the  complex  »  kT.  By  using  Pick's  Second  Law  and 
Mass  Conservation  Law,  a  set  of  dynamic  equations  for 
grain  boundary  segregation  has  been  derived,  which  can 
generally  describe  the  dynamic  process  both  including 
equilibrium  and  nonequilibrium  segregation,  if  the  equili¬ 
brium  segregation  is  involved  in  the  boundary  condition. 

Putting  reasonable  parameters  for  boron  m  t  -Fe  and 
•*.>)  >  i  the  equations  by  computer,  the  boron  segregation 
at  austenite  grain  boundaries  has  been  caculated  as  func¬ 
tions  of  isothermal  holding  time,  cooling  rate  and  quen¬ 
ching  temperature,  which  agree  well  with  the  corresponding 
experimental  results. 

C9. 20 

PHASE  DIAGRAMS  AND  PHASE  TRANSFORMATIONS  FOR 
GRAIN  BOUNDARIES  IN  HEXAGONAL  CLOSE  PACKED 
METALS.  Kisoo  Shin  and  A.H.  King,  Department  of  Materials 
Science  k  Engineering,  State  University  of  New  York  at  Stony  Brook, 
Stony  Brook,  NY  11794-2275. 

In  HCP  materials,  three  dimensional  CSLs  are  only  possible  for 
rational  values  of  (c/a)*,  except  for  rotations  about  the  [0001]  axis. 
For  real  materials,  which  have  irrational  axial  ratios,  the  concept  of 
the  constrained  CSL  (CCSL)  is  introduced  in  order  to  describe  the 
structures  of  large  angle  grain  boundaries.  In  earlier  work,  we  have 
shown  that  dislocation  spacing  in  high  angle  grain  boundaries  should 
change  continuously  as  a  function  of  misorientation  and  temperature 
(since  the  latter  affects  c/a).  Because  CCSLs  occur  in  dense  clusters 
in  misorientation  space,  the  energy  change  associated  with  varying 
dislocation  densities  can  drive  phase  transformations  which  convert 
the  structure  from  one  CCSL  (or  E-value)  to  another. 

In  this  paper,  we  calculate  the  elastic  energies  of  dislocation  arrays  in 


large  angle  grain  boundaries  in  zinc,  using  a  Read-Shockley  approach. 
For  a  fixed  grain  boundary  plane,  energy  surfaces  are  constructed  as  a 
function  of  temperature  and  misorientation.  AH  possible  dislocation 
structures  within  a  CCSL  cluster  are  compared  with  each  other, 
eventually  leading  to  a  phase  diagram  for  the  grain  boundary,  in 
misorientation-temperature  space.  We  demonstrate  that  for  certain 

this  approach  should  be  entirely  sufficient,  because  the  grain 
boundary  "core  energy"  is  invariant  so  the  only  effect  is  that  of  the 
elastic  energy  of  the  dislocation  array. 

We  present  experimental  evidence  for  an  aUotropic  phase 
transformation  of  a  grain  boundary  at  reduced  temperature, 
corresponding  to  our  theoretical  predictions. 

Acknowledgement:  This  work  is  supported  by  the  Nation*)  Science  Foundation 
under  grant  number  DMR— 8901994. 

C9.22 

STRUCTURE  OF  PURE  TILT  AND  TWIST  BOUNDARIES  - 
GENERALIZATION  AND  COMMENTS  ON  THE 
STRUCTURAL  UNIT  MODEL.  M.Khantha  and  V.Vitek, 
Department  of  Materials  Science  and  Engineering, 
University  of  Pennsylvania,  Philadelphia,  PA  19104- 
6272. 

A  systematic  study  of  the  structure  of  pure  tilt  boundaries 
with  tilt  axis  [112]  is  carried  out  in  a  Icc,  bcc  and  simple  cubic 
crystal  structure.  A  simple  way  of  obtaining  the  delimiting  angles 
in  a  structural  unit  model  (SUM)  is  presented  and  the  results  are 
compared  with  those  of  computer  simulation. 

A  systematic  study  of  the  structure  of  twist  boundaries  is 
also  carried  out  for  a  fee  crystal  structure.  The  clusters  of 
polyhedra  that  characterize  a  certain  period  vector  are  similar  in 
both  pure  tilt  and  twist  boundaries.  This  observation  helps  to 
identify  the  structure  of  filler  units  that  are  necessary  in  addition 
to  delimiting  boundary  units  in  twist  boundaries.  A  possible  way 
of  extending  the  SUM  to  other  crystal  structures  is  outlined. 

C9.24 

HIGH-RESOLUTION  ELECTRON  MICROSCOPY  OF  OLIVINE- 
MAGNETITE  INTERFACES.  ^Stuart  McKcman.  C.  Barry  Career. 
Daniel  Ricoult*,  and  A.  G.  Cullis**;  Department  of  Materials  Science  and 
Engineering,  Cornell  University,  Ithaca,  NY  14853. “Coming-Europe, 
7bis  Avenue  de  Valvins,  AVON,  F77210,  France,  **RSRE  St.  Andrews 
Rd.  Worcs.  WR14  3PS 

The  oxidation  of  iron-rich  olivine  to  produce  magnetite  is  a  model  system 
for  the  study  of  phase  transitions  involving  mass  transport.  The  two 
structures  (olivine  and  spinel)  can  be  grown  in  orientations  such  that  the 
planar  spacing  for  certain  planes  is  nearly  the  same  in  both  phases.  The 
oxygen  sublattice  of  the  two  systems  is  continuous  across  the  phase 
boundary,  although  some  slight  displacement  of  the  atoms  occurs  in  the 
transformation  from  one  phase  to  the  other.  The  cation  sublattice  of  both 
structures  contains  many  structural  vacancies  which  facilitates  the 
movement  of  cations  to  the  transformation  fronL  The  transformation  from 
olivine  to  magnetite  proceeds  by  the  transport  of  Fe  ions  to  the  magnetite 
particles,  and  the  removal  of  Mg  and  Si  ions  away  from  the  magnetite.A 
knowledge  of  the  interface  structure  and  the  structure  of  defects,  such  as 
steps  or  ledges,  on  these  interfaces  is  essential  in  determining  the 
mechanisms  for  the  phase  transformation  in  this  model  system. 

HRTEM  images  have  been  obtained  using  a  JEOL  4000EX  from  samples 
of  internally  oxidized  iron-bearing  olivine.  Needle  shaped  magnetite 
precipitates  are  observed  when  the  electron  beam  is  oriented  parallel  to  the 
olivine  [010]  direction.  Tie  interface  is  found  to  be  extremely  sharp  and 
atomically  flat.  Steps  on  the  interface  are  frequently  observed.  Simulated 
images  of  the  interface  have  been  calculated  for  several  models  using  the 
TEMPAS  prog/ am.  these  results  will  be  presented,  and  the  comparison 
between  the  experimental  and  calculated  images  wiU  be  discussed. 
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C9.23 

ATOMIC  SCALE  STRUCTURE  OF  TWIN  BOUNDARY  IN  Y-BA-CU-0 
SUPERCONDUCTOR.  Y.  Zhu.  M.  Sue  nag  a ,  Youven  Xu,  and  M. 
Kawasaki*  Department  of  Applied  Science,  Brookhaven 
National  Laboratory,  Upton,  NY  11973 
*Jeol  USA,  Inc.  Peabody,  MA  01960 

Direct  structural  images  of  twin  boundary  have  been 
obtained  in  YBa2Cu307_g,  YBajCCu, 9gZn, 02)307.5  and 
YBaj(Cu  ggAl .02)307- (  (*“0)  superconducting  ceramics  by 
high-resolution  transmission  electron  microscopy.  It  was 
found  thst  the  trsnsition  of  the  lsttice  planes  of  a  twin 
domain  across  a  twin  boundary  involvss  a  shifting  of  the 
respective  planes  as  well  as  a  rotation  across  the  bound¬ 
ary. The  transition  takes  place  within  approximately  10  to 
30  A,  which  is  considered  as  the  twin  boundary  layer 
thickness  and  is  in  good  agreement  with  our  previous  value 
of  the  twin  boundary  thickness  estimatsd  from  measuring 
thelength  of  the  streak  in  the  selected  area  diffraction 
patterns.^  The  difference  of  the  twin  boundary  layer  in 
pure  *123*  and  Zn  and  A1  doped  *123*  will  be  reported.  A 
structure  model  of  the  twin  boundary  will  also  be 
proposed.  . 

This  research  was  performed  under  the  auspices  of  the  U.S. 
Dapnii.'.nsnt  of  Energy,  Division  of  Materials  Science, 

Office  of  Sasic  Energy  Sciences  under  Contract  No.  DE- 
AC02-76CH00016. 

1)  Y.  Zhu,  M.  Suenaga,  Y.  Xu,  R.L.  Sabatini,  and  A.R. 
Moodenbaugh,  Appl.  Phys.  Lett.  54,  374  (1989). 

C9.24 

STRUCTURAL  STUDIES  OF  A  TYPICAL  LAYERED  SEMICONDUCTOR 
(S4In2Zn)  USING  HIGH  RESOLUTION  ELECTRON  MICROSCOPY  AND 
CONVERGENT  BEAM  ELECTRON  DIFFRACTION.  Dwight  R.  Acosta. 
Instituto  de  Ffsica,  Universidad  Nacional  Aut6noma  de  Mexi- 
co,  A.  P.  20-364,  01000  Mexico,  0.  F.,  Mexico.  Mauro  Bri- 
cefio,  Universidad  de  Los  Andes,  Facultad  de  Ciencias,  Meri¬ 
da,  Venezuela. 

S^^Zn  is  a  semiconductor  material  with  a  layered  structu¬ 
re  similar  to  a  mica  obtained  after  chemical  transport  reac 
tlons  for  crystal  growing.  Its  laminar  configuration  makes 
the  S4ln2Zn  and  ideal  material  for  electron  microscopy  stu¬ 
dies:  wide  planar  zones  and  very  thin  as  required  for  con¬ 
vergent  beam  electron  diffraction  and  high  resolution  elec¬ 
tron  microscopy.  S^ngZn  crystallizes  with  an  hexagonal 
structure  (a  =  3.8fl,  C  *  37. OR)  but  some  times  presents 
rhombohedral  structure  and  transform  to  a  cubic  one  as  tem¬ 
perature  is  increased  (around  400°C).  He  report  in  this 
work  electron  microscopy  measurements:  thickness  of  layers, 
crystalline  potential  and  full  symmetry  using  convergent 
electron  beam  diffraction  methods. 

High  resolution  electron  microscopy  observations  also  were 
carried  out  from  very  thin  layers  and  a  wide  variety  of 
structural  features  were  Identified  and  characterized.  Also 
defects  like  twins  and  dislocations  were  detected  and  quan¬ 
tified  in  order  to  correlate  with  some  physical  properties 
of  SglnjZn. 

Optical  dlffractometry  and  Image  calculations  were  carried 
out  together  with  high  resolutions  imaging  in  order  to  com¬ 
plete  or  corroborate  Information  obtained  from  microscope 
observations. 

C9.25 

EFFECT  OF  B.  C,  P  AND  S  ON  INTERGRANULAR  COHESION  IN 
IRON.  Genrich  L.  Krasko.  Metals  Research  Branch,  U.S.  Army 
Materials  Technology  Laboratory,  Watertown  MA  02172  and  G.  B. 
Olson,  Denartment  of  Materials  Science  and  Engineering,  Northwestern 
University,  Evanston,  IL  60208 

LMTO-ASA  spin-polarized  calculations  were  performed  on  a  simplified 
model  of  a  (1 1 1)  incoherent  twin  13  grain  boundary  (GB)  in  3CC  iron  . 
The  GB  was  modelled  by  a  hexagonal  8-atom  supercell,  containing  an 


impurity  atom  (B,C,P  or  S)  in  the  center  of  a  capped  trigonal  prism  of  Fe 
atoms  at  the  GB  core.  Contrary  to  earlier  molecular  cluster  calculations,  a 
strong  charge  transfer  in  the  direction  of  Fe  was  discovered.  The 
Wigner-Seitz  spheres  of  B,C,  P  and  S  lose  respectively  0.47,  0.25,  1.60 
and  1.47  electrons.  The  s-electrons  of  the  impurity  atoms  form  filled 
bands  separated  from  the  valence  bands  (for  B  the  gap  is  very  small), 
while  the  p-electrons  strongly  hybridize  with  s-,  p-  and  d-  electrons  of  the 
nearest  Fe  atoms.  As  a  result  of  this  charge  redistribution,  strong  ionic 
components  are  formed  in  Fe-P  and  Fe-S  bonds.  For  B  and  C  these  are 
much  weaker,  the  main  bonding  being  covalent  and  metallic.  The  number 
of  electrons  occupying  antibonding  states  increases  steadily  on  moving 
from  B  to  S.  The  magnetic  moments  of  the  Fe  atoms  nearest  to  the 
impurity  are  decreased.  For  B,C,P  and  S  they  are  respectively  2.07, 1.88, 

1.12  and  1.09  p.B/atom  ,  while  the  magnetic  moment  of  a  bulk  Fe  atom  in 

the  BCC  lattice  is^.24  pB/aiom  This  behavior  is  being  compared  with  that 
of  the  corresponding  (111)  free  surfaces  in  order  to  deduce  the  electronic 
basis  of  the  influence  of  these  impurities  on  the  work  of  grain  boundary 
separation. 

C9.26 

MODELING  OF  NANOPHASE  CONNECTIVITY  IN  SUBSTANCE 
-VOID  COMPOSITE  BY  OBLIQUE  DEPOSITION.  Tomoyoshi 
Motoh i ro ,  S.  Noda,  A.  Isogai  and  O.  Kamigaito, 
Toyota  Central  Res.  &  Develop.  Labs.,  Inc. 
Nagakute-cho,  Aichi-gun,  Aichi-ken, 480-11 .Japan. 

Obliquely  vapor  deposited  thin  film  is  charac¬ 
terized  by  its  unique  inclined  columnar  struc¬ 
ture.  Recently  one  of  the  authors  developed 
thin  film  optical  quarter-wave  plate  by  oblique 
deposition  [1).  SEM  observation  revealed  the 
inclined  columns  of  ~10  nm  in  diameter  and  ~3 
microns  in  length.  Its  birefringence  indicates 
those  columns  are  less  closely  spaced  in  the 
plane  of  vapor  incidence  (PVI)  than  normal  to 
PVI ,  composing  alternatively  stacked  substance 
layer  (columns  laterally  connected  with  each 
other)-void  layer (residual  space)  nanophase  com¬ 
posite  with  2-2  connectivity [2] .  The  growth 
mechanism  of  the  inclined  columnar  structure  has 
been  successfully  explained  by  the  self¬ 
shadowing  effect  in  2D-space  computer  simulation 
in  PV1[3).  However,  the  connectivity  development 
perpendicular  to  PVI  is  not  self-evident.  In  the 
present  work,  we  performed  simple  3D-space  simu- 
laLitn  of  oblique  depositipon  and  observed 
substantial  feature  of  the  connectivity  develop¬ 
ment  and  related  features  on  this  nanophase 
structure. 

1. T.Motohiro  and  Y.Taga,  to  be  appeared  in 
Applied  Optics-July  1,(1989). 

2. R.E.Newnham,  D.P. Skinner  and  L.E. Cross,  Mat. 
Res.  Bull.,  1_3,  525(1978).  Pergamon  Press, USA. 

3.  D. Henderson,  M.H. Brodsky  and  P.Chaudhari, 

Appl.  Phys.  Lett.  25,  643(1974). 

C9.27 

DEFECT  EVOLUTION  IN  Al/Cu  and  Al/Ni  BILAYERS  DURING 
ANNEALING.  Bant  Nielsen.  S.  M.  Heald,  V.  Triftshallser*, 
K.  G.  Lynn,  E.  Barrtra,  and  J.  Jayanetti,  Matariala 
Scitnca  Divlaion,  Brookhaven  National  Laboratory,  Upton, 
NY  11973. 

*Unlvanit*t  dar  Bundsvehr,  Naublberg,  FRG. 

Thin  bllayara  of  Al/Cu  and  Al/Ni  vara  grown  by  avaporation 
on  SlOj  at  -300  K.  A  variabla  anargy  positron  bsam  vaa 
utilized  to  probe  the  defect  structure  in  the  as  grown 
layers  and  subaaquantly  after  heat  treatment  leading  to 
significant  interfacial  reaction.  The  results  atrongly 
indicate  that  after  the  heat  treatment  microvoids  are 
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formed  in  the  Cu  in  the  Al/Cu  system  end  in  the  Ai  in  the 
Al/Ni  system. 

This  work  vss  supported  by  the  U.S.  Department  of  Energy, 
Division  of  Materials  Sciences,  under  Contract  No.  DE- 
AC02-76CH00016. 

C9.28 

NANOLATER  REACTIONS  IN  ALUMINUM- METAL  INTERFACES. 
E.  V.  Barrera.  M.  V.  Ruckman,  and  S.  M.  Heald,  Brookhaven 
National  Laboratory,  Upton,  NT  11973. 

Surface  Extended  X-ray  Abaorption  Fine  Structure  (SEXAFS) 
aeasureaents  on  the  nanometer  level  were  made  for  Al/M 
interfaces  where  M  was  Cu,  Cr  or  Ni.  The  samples  were 
studied  immediately  after  deposition  and  measurements  were 
taken  while  varying  thickness  and  after  heat  treatments. 
Significant  differences  in  interface  reactions  wera 
observed  depending  on  deposition  direction  (Cu  on  Al  or  Al 
on  Cu)  and  the  amount  of  mixing  was  also  relatad  to 
whether  M  was  Cu,  Cr  or  Ni.  The  hast  treatments  further 
identified  which  interfaces  were  tha  mors  reactive.  The 
SEXAFS  measurements  revealed  that-  there  were  no  detectable 
C  or  0  present,  suggesting  that  the  interface  structures 
were  Al-M  reactions  and  not  associated  with  impurity 
affects.  The  results  obtained  from  the  as-deposited 
interfaces  correlated  well  with  data  obtained  from  buried 
interfaces  of  like  element  combinations. 

This  work  was  supported  by  the  U.S.  Department  of  Energy, 
Division  of  Materials  Sciences,  under  Contract  Noa. 
DE- AS05-80ER1 0742  and  DE-AC02-76CH00016. 

C9.29 

INTERFACIAL  STRUCTURE  OF  Er20j  PRECIPITATES  IN  TITANIUM 
AND  T1-37A1.*  Daniel  S.  Schwarts.  McDonnell  Douglas 
Research  Laboratories,  St.  Louis,  MO;  Shankar  M.  L. 

Sastry,  McDonnell  Douglas  Research  Laboratories,  St. 

Louis,  MO;  and  P.  Fraundorf,  University  of  Misaouri-St. 
Louis,  St.  Louis,  MO. 

Bigh-resolution  transmission  electron  microecopy  was  used 
to  study  the  structure  of  interfaces  between  ErjOj 
precipitates  and  titanium  alloy  matrices  at  different 
stages  in  the  growth  of  the  precipitates.  Rapid- 
solidification  processing  was  used  to  create  a  metastable 
solid  solution  of  2  wt.  X  Er  in  both  pure  titanium  and 
titanium  37  wt.  X  aluminum.  Subsequent  annealing  causes 
the  Er  to  scavenge  0  from  the  surrounding  matrix  and  form 
a  fine,  mechanically  beneficial  dispersion  of  spherical 
Er20j  precipitates,  evenly  distributed  throughout  the 
matrix.  In  the  early  stages  of  growth,  the  precipitates 
are  found  to  be  semi-coherent  with  the  matrix  in  both 
alloys  examined.  Growth  of  the  precipitates  was 
controlled  through  the  use  of  in  situ  heating,  and  tha 
evolution  of  Interfacial  structure  was  traced  as  a 
function  of  precipitate  alas  in  the  titanium  and  T1-37A1 
matrices.  Finally,  the  precipitate-matrix  Interfacial 
structure  in  pure  titanium  was  comparad  to  that  in  Tl- 
37A1. 

*Thls  work  was  supported  by  the  Air  Force  Office  of 
Scientific  Research  under  Contract  Ho.  F49620-86-C-0 108 . 

C9.30 

H KJH -RESOLUTION  ELECTRON  MICROSCOPY  OF 
INTERFACES  IN  AIN-BRAZE  METAL  ALLOY  SYSTEMS. 

A  H.  Carim.  Center  for  Micro-Engineered  Ceramics  &  Depanmem  of 
Chemical  and  Nuclear  Engineering,  University  of  New  Mexico, 
Albuquerque.  NM  87131. 

An  understanding  of  bonding  between  ceramics  and  metals  requires 
knowledge  of  the  interfacial  structures  that  are  present.  In  the  work 
described  here,  the  microstructural  aspects  of  active  brazing  of  AIN  with 
a  Ag-Cu-Ti  alloy  have  been  investigated.  A  series  of  reaction  product 


layers  are  formed.  TiN  is  produced  in  contact  with  the  polycrystalline, 
bulk  AIN.  High-resolution  transmission  electron  microscopy  and 
microdiffraction  demonstrate  that  some  of  the  TiN  grains  at  the  interface 
display  specific  orientation  relationships  with  respect  to  the  adjoining 
AIN  crystallites.  As  has  sometimes  been  observed  in  studies  of  epitaxy 
in  other  systems,  these  relationships  are  not  necessarily  those  that 
provide  the  minimum  geometrical  mismatch  between  one  or  more  sets  of 
lattice  planes.  Farther  from  the  substrate,  an  T\-type  nitride  phase  with 
composition  (Ti,Cu,Al)6N  occurs  as  a  reaction  product.  High-resolution 
images  confirm  the  absence  of  amorphous  or  crystalline  intervening 
phases  at  the  TiN-rj  interface  and  at  r\  grain  boundaries. 

C9.31 

ATOMIC  STRUCTURE  OF  CRYSTALLINE  BORON  NITRIDE 
INTERFACES  WITH  CERAMIC  SUBSTRATES.*  L.  F.  Allard.  High 
Temperature  Materials  Laboratory,  Oak  Ridge  National  Laboratory, 
Oak  Ridge,  TN  37831 ;  A.  K.  Datye  and  R.  T.  Paine,  Center  for 
Micro-Engineered  Ceramics,  University  of  New  Mexico, 
Albuquerque,  NM  87131. 

Recent  work  has  shown  that  BN  prepared  from  polymeric 
precursors  yields  a  pre-ceramic  phase  that  melts  below  1200°C. 
The  BN  polymeric  melt  can  be  applied  to  ceramic  substrates  to 
form  thin,  adherent,  crystalline  coatings.  The  structures  of  the  BN 
ceramic  coatings  and  BN/oxide  substrate  interfaces  (such  as 
BN/AI203,  BN/MgO  and  BN/Ti02)  have  been  investigated  using 
submicron  particles  of  simple  geometry  as  model  substrates. 
Using  these  model  systems,  all  interface  orientations  that  are 
thermodynamically  stable  cap  be  studied  using  a  single  sample  by 
high  resolution  TEM.  Preliminary  results  indicate  that  the  BN 
crystallizes  in  a  hexagonal  modification,  with  the  BN  basal  plane 
always  parallel  to  the  oxide  surface.  Comparison  of  experimental 
images  with  calculated  images  permits  determination  of  atomic 
structure  at  these  ceramic-ceramic  interfaces. 


•Research  sponsored  in  part  by  the  U.S.  DOE,  Assist.  Sec.  for 
Conservation  and  Renewable  Energy,  Office  of  Transportation 
Systems,  as  pari  of  the  High  Temperature  Materials  Laboratory 
User  Program,  under  contract  DE-AC05-840R21400  with  Marlin 
Marietta  Energy  Systems,  and  by  the  Center  for  Micro-Engineered 
Ceramics,  University  of  New  Mexico 

C9.32 

SIMULATION  AND  QUANTIFICATION  OF  HIGH  RESOLU¬ 
TION  Z-CONTRAST  IMAGING  OF  SEMICONDUCTOR  INTER¬ 
FACES.  David  E.  lesson.  S.  J.  Pennycook,  and  M.  F.  Chisholm, 
Oak  Ridge  National  Laboratory,  Oak  Ridge,  TN  37831. 

Z-contrast  STEM  is  a  new  technique  for  high-resolution  electron 
microscopy  giving  images  characterized  by  strong  chemical 
sensitivity,  high  localization,  and  an  incoherent  character. 
There  are  no  contrast  reversals  with  defocus  or  sample  thickness 
and  no  Fresnel  fringe  effects  at  interfaces,  so  that  rigid  shifts  are 
independent  of  thickness  and  defocus.  These  characteristics  arise 
from  allowing  only  highly  localized  electron  scattering  to 
contribute  to  the  image,  so  only  the  electron  intensity  close  to 
the  atom  strings  is  important.  It  becomes  very  clear  how  these 
incoherent  characteristics  arise  using  a  Bloch  wave  description 
since  the  dominant  contribution  to  the  image  comes  from  the 
thickness  integrated  Is  state  intensity.  As  a  consequence,  Z- 
contrast  images  may  be  predicted  intuitively  and  simulated  to 
high  accuracy  on  a  small  computer.  These  calculations  also 
demonstrate  the  strong  localization  of  the  image.  Each  atomic 
column  is  imaged  practically  independent  of  its  neighbors, 
allowing  "column  by  column"  compositional  mapping  of 
interfaces.  The  implications  of  higher  accelerating  voltages  for 
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improved  resolution  and  localization  are  discussed. 


C9.35  ABSTRACT  NOT  AVAILABLE 


’Research  sponsored  by  the  Division  of  Materials  Sciences,  U.S. 
Department  of  Energy  under  contract  DE-AC05-840R21400  with 
Martin  Marietta  Energy  Systems,  Inc. 

C9.33 

SIMULATED  IMAGE  MAPS  FOR  USE  IN  EXPERIMENTAL 
HIGH-RESOLUTION  MICROSCOPY.  M. A.  O'Keefe  and  U. 
Dahmen,  National  Center  for  Electron  Microscopy, 
Lawrence  Berkeley  Laboratory,  University  of  California, 
Berkeley,  CA  94720. 

The  variation  of  high  resolution  image  contrast  as  a 
function  of  thickness  and  defocus  for  a  given  material  can 
be  plotted  in  a  composite  simulated  image.  Such 
simulations  are  useful  as  guiding  maps  during 
experimental  high  resolution  microscopy.  The  use  of 
these  maps  makes  it  possible  to  locate  optimum  imaging 
conditions  even  at  foil  thicknesses  beyond  the  thin  phase 
object  limit.  For  perfect  periodic  crystals  the  contrast 
conditions  repeat  with  thickness  and  defocus.  The  Fourier 
image  distance  2d2/X  for  a  crystal  with  period  d  is  small 
enough  to  limit  the  size  of  a  useful  map  to  an  array  of 
about  ten  100A  defocus  steps  by  ten  20A  thickness  steps 
(depending  on  extinction  distance).  However,  due  to  their 
large  period,  defects  such  as  grain  boundaries  have  a 
much  larger  Fourier  image  distance.  The  image 
characteristics  of  a  through-focus  through-thickness  map 
are  thus  particularly  useful  in  optimizing  defect  contrast 
during  operation  of  the  microscope.  Typical  features  of 
these  maps  and  examples  of  recent  applications  at  the 
NCEM  will  be  discussed.  This  work  was  supported  by  the 
Director,  Office  of  Energy  Research,  Office  of  Basic  Energy 
Sciences  of  the  1J.S.  Department  of  Energy  under  contract 
#D£-AC03-76SF00098. 

C9.34 

LAYER  CONTRAST  IN  InAs  /  GaAs  SUPERLATTICES 
STUDIED  BY  TEM 

C.J.Kicly.  Department  of  Materials  Science  and  Engineering,  University  of 
Liverpool;  K.C.Hseih,  Department  of  Electrical  Engineering,  University  of 
Illinois  at  Urbana-Champaign;  A.  Rockett,  Department  of  Materials 
Science,  University  of  Illinois  at  Urbana-Champaign. 

Transmission  Electron  Microscopy  studies  have  been  carried  out  on  a  series 
of  InAs  /  GaAs  strained  layer  superlattices  and  effects  such  as  anomalous 
layer  contrast  and  assymmetries  in  interfacial  sharpnesses  have  been 
observed.  The  technique  of  using  (200)  structure  factor  contrast  for  imaging 
layers  in  this  system  has  been  considered  in  detail  since  the  layers  exhibit 
contrast  opposite  to  that  predicted  by  kinematical  theory.  Using  a  theoretical 
Bloch  wave  approach  we  have  systematically  assessed  the  relative 
contributions  to  the  layer  contrast  of  factors  such  as  (1)  structure 
amplitudes,  (2)  absorption  coefficients  and  Debye-Waller  factors,  (3) 
tetragonal  distortion,  (4)  strain  relief  by  misfit  dislocations,  (3)  slight  layer 
misorientations  and  (6)  thin  specimen  surface  relaxation  effects.  These 
results  will  be  discussed  fully  and  comparisons  will  be  drawn  from 
observations  and  calculations  on  the  closely  lattice  matched  AlAs  /  GaAs 
superlattice  system. 

The  thermal  stability  and  interfacial  abruptness  of  InAs  /  GaAs  SLS's 
grown  by  MOCVD  as  a  function  of  growth  temperature  have  been  studied. 
Abrupt,  symmetric  interfaces  are  obtained  at  low  growth  temperatures 
(625°C)  whereas  more  diffuse,  assymmetric  composition  profiles  are 
observed  for  those  grown  at  high  temperatures  (800®C).  This  assymmetry 
occurs  during  growth  and  is  not  a  result  of  bulk  interdiffusion  at  elevated 
temperatures,  as  evidenced  by  analysis  of  samples  grown  at  low 
temperatures  and  annealed  at  higher  temperatures. 


C9.36 

V.I.  Borisenko , Minsk  Radioan* Insuring  Institute, 

P . Brovka  8,220600  Minsk,  USSR. 

Platinum  ailioidss  wars  formed  bjr  rapid  tharmal 
prooaestng  of  35-45  nm  platinum  films  deposited 
onto  monocryatslllne  (111)  phosphorus  doped 
(2<10t4  at/om* )  silicon  substrates.  Incoherent 
lights  were  uaed  to  process  the  samples  for  5  - 
30  s  at  induced  temperatures  ranging  from  300 
to  1050< C  Sohottky  barriers  with  the  active 
area  of  500 j» m*  were  formed. 

Phase  composition  and  structure  siliolde  layers 
were  studied  by  BBS  and  TEM.  1-7  characteristics 
of  Behottky  barriers  were  measured.  Bilieide 
phases  appear  after  proeesaiag  at  400  -  460* C. 
The  ailioide  layer  growth  follows  parabolic  ki¬ 
netics  characterised  by  the  growth  rate 
vs0.021exp(-1.0/kT)  ami /a  at  400  -  800* C  when 
both  PtaSi  and  PtBl  were  detected  end 
v*0 ,014exp(l. 1/kT)  am* /a  at  higher  temperatures 
when  only  PtBl  waa  formed. 

The  activation  energy  of  reorystalliaation  wee 
estimated  to  be  0.75  eV.  The  meohanlsm  of  the 
reerystallisstlon  was  predominantly  ooallsoenced. 

Th-a  ’'ohottky  barriers  were  oharaoterised  by  the 
height  of  0.65  -  0.66  eV  and  Ideality  factor  of 
1.04  -  2.6. 


C9.37 

KPS  ANALYSIS  OF  THE  CHEMSUtt  OF  THE  SAP¬ 
PHIRE  SURFACE  AS  A  FUJCTICN  OF  HHH  TBOTKA- 
TtRE  VACUUM  AWEALDC.  Eliezer  David  Richmond. 

Naval  Research  Laboratory,  code  6816,  Washington  D.C. 
20375-5000. 

This  represents  the  first  XES  chemical  analysis  of  the 
effects  of  in-situ  hic^i  temperature  vaaua  annealing  of 
(1102)  sapphire  substrates.  Previously,  the  effects  of  high 
temperature  vacuum  annealing  of  a  sapphire  substrate 
in-situ  of  a  \4J80  Si  MBE  system  on  the  Si  growth  kinetics 
has  been  investigated1,  and  the  resultant  material 
characterized  far  its  crystalline  quality,  aucrcstzuctural 
defects,  and  electrical  properties*.  Three  inch  substrates 
were  chemically  cleaned  and  then  inserted  into  the  system 
load  lock.  The  wafers  were  than  amealed  in  a  high  tem¬ 
perature  heating  stage  at  1450%  and  1300%  and  analyzed 
with  an  ESCALAB  Hk  n  using  both  Mg  and  A1  excitation 
sources.  Before  chemical  cleaning  the  surface  of  the  wafer 
is  oantaminstad  with  C.  After  the  chemical  clean  the  C 
peak  disappears.  This  is  in  contrast  to  chemical  cleaning 
of  Si  vhere  a  residual  C  contamination  centimes  to  exist. 
After  the  cleaning,  a  maall  residual  F  peak  exists  cat  the 
sapphire  vafsr.  This  F  contamination  disappears  ipen 
heating.  For  the  1450°  amaaled  saeple  a  loss  of  several 
percent  of  cxygsn  is  found.  This  is  acxxepanied  by  a 
*li£it  increase  in  the  Al(2p,2s)  and  O(ls)  binding  energies, 
which  is  acnslstsnt  with  s  relaxation  of  the  surface. 
Preliminary  USD  results  will  be  presented  to  investigate 
an  aooemperying  reconstruction  of  the  surface. 

X.  J.G.  Pellegrino,  E.D.  Rictmcnd,  and  M.  TWigg, 
Materials  Research  Society  Proc. ,  vol.  1X4,  p.395,  1968; 
Eliezer  D.  Richmond,  this  oenfaranoe,  Session  D. 

2.  E.D.  Rictxacnd,  s.  Quadri,  A.  Krudacn,  m.  TWigg, 

N.  Green,  HI  International  Si  ME  Syaposiue,  30  my  -  2 
Jvrm  1969,  Strasbourg  Franca. 
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C9.38 

INFLUENCE  OF  PLASTICITY  IN  ADHESIVE  BOND  STRENGTH 
MEASUREMENTS  USING  SHOCK  WAVES.  Gerald  1.  Ni.tm.v1  William 
Lai,  Lawrence  Livermore  National  Laboratory,  P.  0.  Box  808,  Livermore, 
CA  94550;  and  Kenneth  E.  Froschner,  Martin,  Froschner,  and  Associates,  P. 
O.  Box  17,  Livermore,  CA  94550. 

We  have  developed  a  method  of  measuring  the  bond  strength  of  metal/ 
ceramic  interfaces  using  a  novel  technique  that  employs  shock  waves  to 
exfoliate  metal  films  from  ceramic  substrates.  The  shock  is  generated  by  a 
magnetically  accelerated  projectile  incident  on  a  buffer  material,  which  is 
used  to  adjust  the  amplitude  and  shape  of  the  incident  compressive  wave.  The 
buffer  is  coupled  to  the  ceramic  substrate.  The  compressive  shock  is  phase 
shifted  after  reflection  from  the  metal  surface  and  becomes  a  triangular  tensile 
pulse.  When  the  tensile  pulse  passes  through  the  metal/ceramic  interface,  and 
if  the  amplitude  is  sufficient,  the  metal  film  will  spontaneously  exfoliate  from 
the  substrate.  Experimentally,  measurements  are  taken  of  the  free  surface 
velocity  of  the  spalled  film  using  laser  interferometry.  The  bond  strength  of 
the  interface  can  be  calculated  based  on  the  measured  free  surface  velocity. 

In  this  work,  it  was  assumed  that  during  the  transit  of  the  shock  and  rarefaction 
waves  the  material  on  either  side  of  the  interface  did  not  reach  the  plastic  state. 
We  have  attempted  to  verify  this  using  transmission  electron  microscopy  to 
measure  the  dislocation  density  near  the  interface  before  and  after  the  spall 
process.  We  also  report  results  of  bond  strength  measurements  on  Ni/ 
sapphire  interfaces. 

C9.39 

ORIGIN  OF  ATOMIC  RESOLUTION  IN  SCANNING 
TUNNELING  MICROSCOPY  C.  Julian  Chen,  IBM  Research  Divi¬ 
sion.  I  I  Watson  Research  Center,  P  C)  Box  218,  Yorktown  Heights, 

NY  10598 

Scanning  tunneling  microscopy  (STM)  has  demonstrated  true 
atomic  resolution,  i.  e.,  2-4  A  lateral  resolution,  on  a  number  of 
solid  surfaces.  The  observed  resolution  is  far  beyond  the  expec¬ 
tation  of  some  well-known  theoretical  models  of  STM,  for  exam¬ 
ple.  the  s-wavc  theory  of  STM,  i.  c.,  based  on  consideration  of 
local  density  of  states  (LDOS)  of  the  sample,  and  the  single-atom 
imaging  model.  In  this  paper,  it  is  shown  that  true  atomic  resol¬ 
ution  in  STM  originates  from  localized  p,  or  dr ,  states  on  the  apex 
atom  of  the  tip.  Associated  with  these  tip  states,  the  tunneling 
matrix  elements  become  proportional  to  the  derivatives  of  sample 
wavefunction,  i.  e.,  and  Aty/dz2  etc.,  rather  than  its  am¬ 

plitude.  This  results  in  much  greater  corrugation  amplitudes 
than  those  of  LDOS.  The  new  theory  is  able  to  explain  a  large 
number  of  experimental  results  and  provides  insight  into  the  ori¬ 
gin,  meaning  and  tip  requirements  of  atomic-resolution  STM. 

C10.1 

INTERFACE  STRUCTURES  AND  THEIR  DEFECTS  IN 
CoSi2/Si:  DISLOCATIONS,  DISCLINATIONS  AND  A  THIN- 
FILM  PHASE  TRANSFORMATION. 

D.  J.  Eaglesham,  R.T.  Tung,  S.M.  Yalisove,  R.L.  Headrick,  and 
l.K.  Robinaon,  AT&T  Bell  Laboratories,  600  Mountain  Avenue, 
Murray  Hill,  NJ  07974. 

The  interface  structures  and  interfacial  defects  in  CoSi2/Si 
heteroepitaxy  have  been  the  subject  of  intensive  study  for  over 
a  decade  now,  but  the  system  continues  to  provide  us  with 
surprises.  Here  we  will  present  the  results  of  a  study  of  the 
novel  CoSi2/Si(110)  interface,  and  revisit  the  much-studied 


CoSi2/Si(ni). 

Although  a  large  number  of  different  silicide-silicon  interfaces 
have  been  studied  in  the  past,  CoSi2/Si(110)  differs 
crystallographically  from  all  previously  studied  systems. 
Whereas  for  (lll)B  interfaces  a  twinning  1/6<211>  dislocation 
is  needed  to  produce  a  step  in  the  interface,  and  (100)  interfaces 
require  a  1/4<111>  dislocation  at  a  step  on  the  Si  surface,  the 
1/4<111>  vector  lies  within  a  (110)  interface,  so  that  steps  on 
the  (110)  surface  are  related  by  1/2<110>,  but  there  are  two 
inequivalent  interfaces  on  a  given  surface.  The  consequences 
of  this  symmetry  for  the  (110)  defect  structure  are  described. 

For  CoSi2/Si(lll)B  we  describe  a  phase  transformation  into  a 
low-symmetry  structure  for  both  the  epilayer  and  the  interface. 
The  temperature  at  which  low-symmetry  films  transform  into 
the  cubic  silicide  varies  between  «400°C  and  «150K,  depending 
on  the  film  composition  and  thickness.  The  low-temperature 
form  does  not  correspond  to  any  bulk  phase  of  silicide  and 
appears  to  be  driven  by  the  strain  and  interfacial  free  energy 
present  in  the  thin  film. 

CIO. 2 

ATOMIC  STRUCTURES  AT  CoSi,/Si  (111)  AND  CoSi/Si  (111) 
INTERFACES.  A.Catana.  P.E.Schmid  and  ‘P.Stadelmann,  Insti¬ 
tute  of  Applied  Physics, ‘Institute  of  Electron  Microscopy,  Swiss 
Federal  Institute  of  Technology,  1015  Lausanne,  Switzerland. 

CoSij/Si  (ill)  interfaces  have  been  prepared  by  annealing  of  a 
UHV  evaporated,  Co  layer  at  400,  500,  and  900“C  for  a  few  sec¬ 
onds.  At  low  temperatures  (400°C),  the  silicidation  yields  CoSi 
which  is  found  to  grow  epitaxially  on  silicon.  CoSij/Si  (111)  and 
the  more  complex  CoSi/Si  (ill)  interfaces  are  therefore  well  suited 
for  the  study  of  fundamental  questions  related  to  the  interface  com¬ 
position  and  bonding  configuration.  At  the  same  time,  they  offer 
the  opportunity  of  studying  atomic  scale  changes  at  interfaces  in 
relation  to  the  CoSi-CoSij  phase  transformation. 

Results  are  presented  of  a  detailed  high  resolution  study  of  both 
interfaces.  Thin  samples  were  prepared  by  conventional  thinning 
techniques,  as  well  as  by  cleavage  of  wedges.  The  second  technique 
offers  some  advantages  over  the  classic  one  such  as  the  absence 
of  ion-induced  artefacts  and  a  straightforward  determination  of 
sample  thickness.  Investigations  were  performed  along  both  [110] 
and  [112]  silicon  axes.  The  image  contrast  at  the  interface  was 
analyzed  using  image  simulations.  Various  bonding  models  are 
discussed  and  compared  to  experimental  images.  As  a  result,  we 
show  the  occurence  of  the  sevenfold  coordination  of  Co  atoms  at 
both  A  and  B  type  interfaces.  This  is  the  first  evidence  of  this 
interface  geometry  for  CoSij,  others  reports  being  in  favor  of  Co- 
Si  bonds  and  a  5-fold  or  8-fold  Co  coordination. 

CIO. 3 

MICROS!  RUCTURAL  ASPECTS  OF  AMORPHOUS  NICKEL 
SILICIDE  FORMATION  IN  EVAPORATED  Ni-Si  MULTILAYERS. 

Karen  Holloway,  IBM  Thomas  J.  Watson  Research  Center,  Yorktown 
Heights,  nV  10598 

The  formation  of  very  thin  (1-2  nm)  amorphous  intermixed  layers  at 
melal-silicon  interfaces,  and  their  growth  at  annealing  temperatures  below 
those  at  which  crystalline  siiicides  nucleate  have  attracted  attention  in  recent 
years.  This  process  constitutes  the  earliest  stage  of  metal-silicon  reaction  in 
some  systems,  so  its  study  is  vital  to  the  understanding  of  the  formation  of 
metal  siiicides  for  application  in  integrated  circuits.  Furthermore,  as  the 
growth  of  crystalline  metal  siiicides  has  been  extensively  investigated,  a 
knowledge  of  these  systems  can  be  applied  to  understand  the  process  of 
diffusion  by  which  these  disordered  layers  expand.  For  example,  the  crys¬ 
talline  Ti  siiicides  grow  through  the  transport  of  silicon.  The  location  of 
voids  which  appear  during  amorphization  in  Ti-Si  multilayers  suggest  that 
this  probably  also  proceeds  via  Si  mobility.  As  Ni  diffuses  during  the 
growth  of  nickel  siiicides,  a  study  of  the  Ni-Si  system  complements  those 
already  performed  on  Ti-Si.  To  this  end,  the  growth  of  thin  interfacial 
amorphous  nickel  silicide  layers  in  evaporated  Ni-Si  multilayer  films  of 
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various  bilayer  thicknesses  has  been  investigated  using  cross-section  trans¬ 
mission  electron  microscopy.  This  work  focusses  on  the  microstructure 
which  evolves  on  rapid  thermal  annealing  at  temperatures  low  enough  to 
suppress  complete  crystallization  of  the  amorphous  silicide  (150-250*C). 
Civstalline  Ni:Si  nucleates  early  in  the  reaction,  forming  a  planar  layer  be¬ 
tween  the  elemental  nickel  and  the  growing  amorphous  alloy.  The  forma¬ 
tion  of  Kirkendall  voids  does  not  occur  until  the  Ni  is  consumed  by  the 
crystalline  silicide.  These  observations  will  be  compared  with  the  quite  dif¬ 
ferent  microstructure  which  evolves  during  amorphization  in  Ti-Si  multi¬ 
layers. 

CIO. 4 

NUMERICAL  AUGER  LINESHAPE  ANALYSIS  OF 
PHASE  FORMATION  IN  Nl/SKlll  1.  J.  R.  Butler, 
X.  Tong  and  P.  A.  Bennett.  Department  of  Physics, 
Arizona  State  University,  Tempe,  Arizona  85287. 

We  show  that  numerical  Auger  lineshape  analysis  can 
quantitatively  separate  coexisting  phases  occuring  in 
the  thermal  (contact)  reaction  of  0  -  30  A  nickel 
overlayers  on  Si(1 11).  Measured  Si  LVV  spectra  are  fit 
as  linear  combinations  of  measured  ’fingerprint* 
spectra  for  N^Si,  NiSi  and  NiSig  obtained  by  scraping 
bulk  alloys  in  situ.  We  find  that  nickel  reacts  at  room 
temperature  to  form  N^Si  for  all  coverages  from  0  to  - 
12  A,  at  which  point  this  reaction  saturates,  and  pure 
nickel  forms.  We  also  find  a  cap  of  silicon  on  the  A- 
type  NiSi2  structure,  but  not  on  the  B-type  when  these 
are  annealed  at  500  C.  Finally,  NiSi  forms  at  300  C  and 
coverages  above  15  A,  but  not  at  lower  coverages.  We 
present  the  data  as  a  coverage  vs.  temperature  kinetic 
phase  diagram  that  provides  a  comprehensive  view  of 
phase  formation  in  this  ultrathin  film  system,  and 
bridges  a  gap  between  monolayer  and  conventional 
(1000A)  thin  film  studies.  By  extrapolating  from 
1000A  film  results,  we  can  quantify  a  switch  from  bulk 
to  surface  diffusion  and  observe  a  variety  of  free 
energy  and  strain  contributions  to  the  nucleation  rate 
for  NISij>  formation. 

CIO.  5 

X-RAY  ABSORPTION  STUDIES  OF  TITANIUM  SILICIDE 
FORMATION  AT  THE  INTERFACE  OF  Ti  DEPOSITED  ON  Si.* 
David  Aldrich.  Q.  Islam,  H.  Jeon,  R.  Nemanich,  and  D.E.  Sayers, 
North  Carolina  State  University,  Raleigh,  NC  27595-8202 

X-ray  absorption  measurements  have  been  performed  on  the  Ti  K-edge 
for  a  series  of  titanium  silicide  samples.  The  samples  were  fabricated  by 
depositing  Ti  on  silicon  wafers  and  subsequently  annealing  them  up  to 
temperatures  from  100  to  900°C  in  UHV  and  Nitrogen.  Measurements 
were  done  in  the  fluorescence  and  total  electron  yield  modes  at  the  X-l  1A 
beam  line  at  the  National  Synchrotron  Light  Source.  Using  the  different 
data  collection  techniques  it  is  possible  to  examine  the  structure  of  the 
sample  in  different  regions.  Both  EXAFS  and  near  edge  spectra 
(XANES)  were  acquired  and  analyzed.  Comparisons  with  standard 
compounds  have  been  made  with  the  near  edge  data.  The  EXAFS  data 
were  analyzed  using  reference  compounds.  The  XANES  data  showed  a 
high  sensitivity  to  changes  in  the  film  structure.  TI  metallic  bonding  and 
Ti-Si  bonds  can  be  distinguished  and  their  evolution  traced  as  a  function 
of  annealing.  The  absorption  spectra  of  samples  annealed  under  N2  are 
significantly  different,  indicating  the  possible  presence  of  nitrides. 
Resulu  are  related  to  Raman  and  other  measurements  of  the  reaction 
process. 

*  Supported  by  the  Dividion  of  Materials  Science  of  the  Department  of 
Energy  under  contract  DE-AS05-80ER 10742 


CIO.  6 

SILICIDE  FORMATION  AND  THERMAL  STA¬ 
BILITY  OF  Ni/Si/GaAs  INTERFACES. 

Y.  Yamamoto,  K.  Ishibashi,  Res.  Cntr.  of  Ion  Beam  Tech.,  Hosei 
Univ.,  Tokyo,  Japan;  S.  Suzuki.  Adv.  Mat.  Lab.,  Sohka,  Japan; 
T.  E.  Shim  *,  Waseda  Univ.,  Tokyo,  Japan. 

Silicon  and/or  Ni  were  vacuum  evaporated  onto  (100)  GaAs,  Inter¬ 
diffusion  and  silicide  formation  processes  in  the  system  upon  annealing 
were  investigated  using  AES  and  X-ray  difractmetry. 

Thicknesses  of  Ni  and  Si  were  varied  to  examine  how  the  interface 
reaction  related  to  the  relative  amount  of  Ni  to  Si;  (1)  Si(  1000  A)/GaAs, 
(2)  Ni(  700  A)/GaAs,  (3)  Ni(700  A)/Si(1000  A)/GaAs,  (4)  Si  (1000 
A)/Ni(2000  A)/GaAs,  and  (5)  Ni(2000  A)/Si(  1000  A)/GaAs. 

AES  mesurement  revealed  that  a  Si/GaAs  interface  of  sample  (1)  was 
stable  after  annealing  at  850  C  for  30  min.  When  the  relative  amount  of 
Ni  to  Si  is  unity  as  sample  (3),  stable  NiSi  was  formed  and  no  reaction 
to  GaAs  was  observed  after  annealing  at  500  C  for  2  hour. 

When  Ni  was  directly  atatched  to  GaAs,  appreciable  interdiffusion 
of  GaAs  and  Ni  was  observed  (samples  (2),  (4)),  but  in  sample  (4)  Ga 
and  As  did  not  diffuse  into  the  NijSi  surface  layer  at  500  C. 

In  the  case  that  Ni  was  the  outermost  layer  of  which  amount  was  in 
excess  of  Si  as  sample  (5),  the  system  was  quite  unstable  at  the  same 
temperature;  no  clear  silicide  phase,  no  distinct  interface,  oxidation  of 
the  surface  Ni  layer. 


•Present  address:  Samsung  Electronics.  Seoul,  Korea 

Cll.l 

FRACTIONAL  ATOMIC  PLANES  DM  GaAs/At  As  SUPER- 
LATTICES  AND  THE®  RELATIONSHIP  TO  INTERFACIAL 
ROUGHNESS.  Ivan  K.  Schuller.  Physics  Department  B-019. 
University  of  California,  San  Diego,  La  Jolla.  CA.:  M. 
Grimsditch,  Material  Science  Division,  Argonne  National 
Labs..  Argonne,  IL.;  F.  Chambers.  G.  Devane.  Amoco 
Research  Center,  Naperville,  IL.;  H.  Vanderstraeien,  D.  Neerinck, 
J.-P.  Locquet  and  Y.  Brtiynseraede,  Physics  Department, 
Kathoiieke  Universiieil  Leuven,  B-3030  Leuven.  Belgium 


We  have  grown  high  quality  GaAs/ At  As  superlattices  with 
non-integral  number  of  auntie  planes  in  each  layer  of  a 
supertatnee.  Diffraction  studies  of  these  superianices  show 
unusual  structure,  characteristic  of  the  non-integral 
character  of  the  super  lattice,  which  may  even  be  incommensurate. 

The  results  are  in  good  agreement  with  structure  factor 
calculations  and  show  that  this  type  of  roughness  cannot  be 
determined  by  local  measurements  which  only  probe  the 
structure  of  a  single  interface. 

Wort  supported  by  the  U.S .  Department  of  Energy, 

Gram  #  DE  FG03-87ER-45332  (at  UCSD),  Contract 
4  W-31-109-ENG-38  (at  ANL),  the  Belgian  Inter-University 
Attraction  Poles  (IUAP)  and  Concerted  Action  (GOA) 
programmes.  International  travel  was  provided  by  NATO. 

C11.2 

STUDY  OP  INTERFACIAL  SHARPNESS  AND  GROWTH 
IN  (AlAs),  /  (GaAs )n  SUPERLATTICES 
W.  Tseng,  S.  Prokes ,  M.  Fatemi,  B.V.  Shanabrook, 
B.  Wilkins  and  H.  Diatrich 

Naval  Research  Laboratory,  Washington  DC,  20375 

A  detailed  investigation  of  x-ray  diffraction 
has  been  made  on  (AlAa),  /  (GaAs)„  superlattices 
grown  by  thras  MBE  techniques;  normal  growth, 
interrupted  growth  and  atomic-layer-epitaxy 
(ALE).  Theoratical  simulations  of  the  x-ray 


diffraction  scans  have  also  been  made  to 
interpret  the  experimental  data,  in  particular, 
the  interfacial  sharpness.  Results  indicate  a 
roughness  of  three  monolayers  at  the  interface 
for  normal  growth  conditions.  The  ALE  growth 
gives  improved  inter facial  sharpness,  due  to 
more  precise  control  of  shutter  at  slower  growth 
rates  and  reduction  of  substrate  temperatures 
during  growth. 

C11.3 

A  WEAK  BEAM  IMAGING  TECHNIQUE  FOR  THE 
CHARACTERISATION  OF  INTERFACIAL  ROUGHNESS  IN 
(InGa)As/GaAs  STRAINED  LAVER  STRUCTURES  Yao  I,  Y. 
Andersson  T.  G.  and  Dunlop  G.  L.  Department  of  Physics, 
Chalmers  University  of  Technology,  S-412  96  Goteborg, 
SWEDEN 

A  weak  beam  imaging  technique  in  transmission  electron 
microscopy  (TEM)  has  been  developed  for  the  characterisation  of 
interfacial  roughness  in  lattice  strained  (InGa)As/GaAs  multiple 
layered  structures.  In  this  technique,  the  heterointerfaces  of  (100) 
type  strained  layers  are  imaged  in  an  inclined  projection  with  a 
g3n  diffracted  reflection  at  off-Bragg  conditions.  It  was  found  that 
the  contrast  that  arose  from  variations  in  strained  layer 
thickness  was  significantly  increased  in  this  imaging  mode. 
Rough  interfaces  that  resulted  from  growth  in  either  a  two  or  a 
three  dimensional  growth  mode  via  island  formation  were 
observed.  The  interfacial  roughness  in  terms  of  variations  in 
strained  layer  thicknesses  on  a  monolayer  scale  was  imaged.  The 
resolution  of  contrast  in  the  plane  of  the  interface  was  better 
than  10  nm.  Such  contrast  improvement  was  attributed  mainly 
to  the  enhancement  of  the  contribution  of  diffracted  electrons 
from  the  strained  layers  to  the  image.  A  theoretical  calculation 
based  upon  kinematic  theory  was  made  in  order  to  gain  a  better 
understanding  of  the  contrast  in  this  weak  beam  imaging  mode. 
In  principle,  this  imaging  technique  can  be  applied  to  other 
strained  layer  heterostructures. 

Cll.4 

THE  OBSERVATION  OF  SURFACE  ROUGHENING  ON  ALUMINUM  USING 
OPTICAL  SECOND-HARMONIC  GENERATION.*  S.  Janz,  K.  Pedersen, 

H.  van  Driel,  University  of  Toronto,  Toronto,  Ontario; 
and  R.  Timsit,  Alcan  Research  and  Development  Centre, 
Kingston,  Ontario,  Canada. 

We  report  the  use  of  optical  second- harmonic  generation 
(SHG)  as  an  in  situ  probe  of  thermally  induced  changes  in 
surface  morphology.  An  incident  beam  from  a  synchronously 
pumped  dye  laser  operating  at  a  wavelength  of  580  nm  with 
a  3  picosecond  pulse  width  was  used  to  generate  second- 
harmonic  light  at  atomically  clean  A1  (100),  (110),  and 
(111)  surfaces.  The  SH  light  was  collected  using 
conventional  photon  counting  techniques.  As  the  temperature 
of  the  samples  was  ramped  from  room  temperature  to  620°  C, 
the  SH  intensity  increased  dramatically  at  specific 
temperatures  dependent  on  the  crystal  face.  The  SH 
intensity  jumps  occured  at  450°  C  for  the  (111)  face,  at 
560°  C  for  the  (110)  face  and  at  580°  C  for  the  (100)  face. 
After  the  samples  were  quenched  to  room  temperature,  the 
SH  signal  decayed  back  to  its  initial  value  with  a  time 
constant  of  approximately  15  minutes.  We  interpret  the 
rise  in  SH  intensity  as  being  caused  by  surface  roughening 
due  to  a  proliferation  of  steps  as  the  temperature  is 
increased  beyond  the  roughening  temperature  characteristic 
of  the  crystal  face.  The  decay  of  the  surface  roughness 
after  quenching  proceeds  via  a  relatively  slow  self¬ 
diffusion  process.  The  effect  of  surface  morphology  on 
optical  SHG  and  its  potential  applications  will  be 
discussed. 

*  This  work  supported  by  the  Natural  Science  and  Engineer¬ 
ing  Research  Council,  the  Ontario  Laser  and  Lightwave 
Research  Centre,  and  Alcan. 


C11.5 

INTERFACIAL  STABILITY  AND  INTERDIFFUSION  EXAMINED 
AT  THE  ATOMIC  LEVEL.  Y.  Kim,  A.  Ourmazd,  and  J.A. 
Rentschler,  AT&T  Bell  Labs,  HolmdeL  NJ  07733,  and  R.  J.  Malik, 
AT&T  Bell  Labs,  Murray  Hill,  NJ  07974. 

Modern  crystal  growth  produces  interfaces  across  which  only  the 
composition  changes  precipitiously.  Such  systems  are  far  from 
equilibrium  and  can  relax  by  the  introduction  of  extended  defects,  or 
by  chemical  interdiffusion.  Here  we  investigate  the  chemical 
relaxation  of  interfaces,  caused  by  interdiffusion  between  lattice- 
matched  semiconductors. 

Using  chemical  lattice  imaging  in  combination  with  vector  pattern 
recognition,  we  obtain  quantitative  profiles  of  the  chemical  change 
across  single  interfaces  with  atomic  plane  resolution.  We  thus  study 
interdiffusion  across  single  GaAs/AlGaAs  interfaces  as  a  function  of 
temperature,  depth  of  interface  beneath  the  surface,  and  doping. 
Since  our  technique  is  sensitive  to  interdiffusion  coefficients  as  small 
as  10'2°cm2/s,  we  can  study  atomic  level  changes  at  a  single  interface 
at  the  low  temperatures  used  for  many  device  processing  steps  (-700 
C).  Our  results  show  interdiffusion,  and  hence  the  layer  stability 
depend  not  only  on  temperature  and  doping,  but  also  on  the  distance 
of  the  interface  from  the  surface.  The  implications  of  these  results  for 
the  stability  of  multilayered  structures  are  discussed. 

C11.6 

ATOMIC  STRUCTURE  AND  CHEMISTRY  OF  INTERFACES 
DETERMINED  BY  Z-CONTRAST  STEM.  M.  F.  Chisholm.  S.  J. 
Pennycook,  and  D.  E.  Jesson,  Oak  Ridge  National  Laboratory,  Oak 
Ridge,  TN  37831 

The  technique  of  Z-contrast  STEM  provides  a  fundamentally 
new  and  powerful  approach  to  determining  the  atomic  scale 
structure  and  chemistry  of  interfaces.  In  this  paper  we  have 
applied  the  technique  to  a  number  of  technologically  important 
interfaces,  including  the  direct  imaging  of  interdiffusion  in 
ultrathin  (SimGen)p  superlattices,  and  the  direct  imaging  of  an 
interface  reconstruction  at  a  silicide/silicon  interface.  Since  no 
contrast  is  seen  within  an  amorphous  layer,  the  technique  is  also 
a  powerful  way  of  studying  amorphous /crystalline  interfaces. 
Examples  will  be  shown  of  Ge/Si02  interfaces  produced  by  ion 
implantation  and  oxidation,  Si/Si02  interfaces  produced  by 
oxidation,  and  the  solid  phase  epitaxial  growth  front  in  ion- 
implanted,  thermally  annealed  Si. 


•Research  sponsored  by  the  Division  of  Materials  Sciences,  U.S. 
Department  of  Energy  under  contract  DE-AC05-840R21400  with 

Muffin  Marietta  Fnergy  Tnc 

C12.1 

THE  USE  OF  FRESNEL  CONTRAST  TO  STUDY  THE  INITIAL 
STAGES  OF  THE  in  situ  OXIDATION  OF  SILICON.  F.  M  Ross  and  W. 
M.  Stobbs,  Department  of  Materials  Science  and  Metallurgy,  Pembroke 
Street,  Cambridge  CB2  3QZ,  UK;  and  J.  M.  Gibson.  AT&T  Bell 
Laboratories,  600  Mountain  Ave.,  Murray  Hill,  NJ  07974. 

The  interface  between  silicon  and  its  oxide  has  been  studied  extensively  at 
different  stages  of  growth  using  a  variety  of  powerful  analytical  techniques. 
It  has  become  clear  that  in  order  to  understand  the  kinetics  of  thin  oxide 
growth  and  the  structure  of  the  Si/SiQz  interface,  compositional  information 
is  required  at  atomic  resolution  to  complement  the  interesting  structural 
results  already  provided  by  high  resolution  electron  microscopy. 
Unfortunately  data  is  difficult  to  obtain  at  adequate  resolution  with 
techniques  requiring  a  focussed  probe  because  of  the  problems  of  beam 
broadening  and  damage  to  the  oxide.  However  past  analysis  of  oxides 
viewed  edge-on  in  a  conventional  electron  microscope  has  been 
accomplished  by  a  different  approach:  utilising  the  sensitivity  of  the  Fresnel 
contrast  seen  along  a  Si/Si02  interface  to  the  composition  change  occurring 
at  the  interface.  Information  is  extracted  by  matching  the  experimental 
fringes  in  low  resolution  defocused  images  to  simulations  from  a  simple 
computer  model.  This  method  has  been  used  to  determine  the  sharpness  of 
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the  Si/SiC>2  interface  and  to  demonstrate  changes  in  the  relationship  between 
the  compositional  and  structural  changes  which  both  occur  at  the  interface. 
The  resolution  achieved  was  sufficient  to  suggest  a  change  in  the  oxidation 
kinetics  between  the  ultra-thin  (<3nm)  and  thin  (3-30nm)  growth  regimes. 

The  weakness  of  this  past  work  has  been  the  uncertain  nature  of  the  initial 
silicon  surface  and  damage  associated  with  foil  thinning.  In  the  present 
study,  rather  than  analysing  formed  oxides  we  describe  observations  of  the 
growth  in  situ  of  oxide  on  a  clean  silicon  surface  in  a  microscope  modified 
for  ultra  high  vacuum.  By  analysing  the  Fresnel  contrast  along  the  edge  of 
faceted  regions  of  the  specimen,  compositional  changes  at  the  silicon 
surface  can  be  observed  while  controlled  amounts  of  oxide  are  grown.  This 
growth  under  low  oxygen  pressures  provides  an  interesting  contrast  to 
higher  pressure  thermal  oxidation.  We  will  discuss  the  implications  of  this 
work  for  theories  of  the  growth  of  the  first  few  monolayers  of  oxide. 

C12.2 

THE  INITIAL  STAGES  OF  FORMATION  FOR  THE  Si/Si02 
INTERFACE  ON  Si(lll)  7x7.  J.  M.  Gibson,  AT&T  Bell  Laboratories, 
Murray  Hill.  NJ  07974 

Using  a  UHV  Transmission  Electron  Microscope  we  have  studied  the 
initial  stages  of  Si  oxidation  by  high-energy  transmission  electron 
diffraction  and  imaging.  The  atomic  structure  of  the  Si(lll)  7x7 
surface  is  monitored  as  it  is  convened  to  a  lxl  buried  interface,  using 
quantitative  analysis  of  high-energy  transmission  diffraction  data. 
Structural  analysis  involved  Patterson  functions,  fourier  difference  maps 
and  least  squares  refinement  from  the  electron  data.  We  observe 
structural  changes  in  the  surface  during  O2  exposure  which  go  beyond 
simple  random  destruction  of  the  adatoms  or  dimers,  and  have 
implication  on  the  oxidation  mechanism  and  interface  structure. 

C12.3 

ELECTRON  SPIN  resonance  studies  op  silicon 
DIOXIDE  FILMS  ON  SILICON  IN  INTEGRATED  CIRCUITS 
USING  SPIN  DEPENDENT  RECOMBINATION.  Mark  A. 

Juoina  and  Patrick  M.  Ltnahan,  Pennsylvania 
State  University.  University  Park,  PA. 

Although  standard  electron  spin  resonance  (ESR) 
detection  techniques  have  been  quite  sucessful 
in  exploring  the  atonic  scale  structure  of 
inperfections  at  or  very  near  the  Si/SiOg 
interface,  these  studies  have  been  linited  to 
extrenely  large  surface  areas  (several  cm2!  with 
fairly  large  defect  densities.  The  technique  of 
spin  dependent  reconbi nat ion  (SDR)  allows  ESR 
observation  of  point  defects  in  a  single 
netal -ox i de-semi conductor  field-effect 

transisitor  (MOSFET)  with  surface  areas  of  only 
—4*  ? 
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densities  of  \-10  /cm  .  The  two  dominant 
paramagnetic  defects  found  in  the  Si/SiOg 
system  are  the  Pb  center  and  the  E'  center. 

The  Pfa  center  is  a  tri valent  silicon  bonded  to 
three  other  silicons  at  the  Si/SiOg  interfaces 
the  E'  center  is  a  trivalent  silicon  bonded  to 
three  oxygens  in  the  oxide.  With  SDR’s 
enhanced  sensitivity,  devices  with  different 
processing  details  are  explored.  Results  show 
significant  processing  induced  differences  in 
the  Pb  and  E'  SDR  spectra. 

C12.4 

AN  NHR  STUDY  OF  HYDROGEN  AT  THE  Si/Si02  INTERFACE 
OF  THERMALLY  GROWN  OXIDES.  David  H.  Imvy  and 
Karen  K.  Gleason,  Departaent  of  Cheaical  Engi¬ 
neering,  MIT,  Cambridge,  MA. 

Nuclear  magnet ic  resonance  (NMR)  spectroscopy  is 
used  to  study  the  incorporation  of  hydrogen  at 
the  silicon-silicon  dioxide  interface  of  thermal¬ 


ly  grown  wet  and  dry  oxides  of  silicon.  A  possible 
correlation  between  bonding  structure  (SiH  vs. 
SiOH)  and  film  stress  is  explored. 

Hydrogen  spatial  distributions  in  the  interfacial 
region  are  also  examined  by  NMR.  Since  hydrogen 
is  expected  to  cluster  near  defects  as  it  does  in 
the  amorphous  silicon  hydride  system,  this  may 
provide  insight  on  the  atomic  scale  structure  of 
the  Si/Si02  interface.  An  understanding  of  this 
interface  is  critical  in  explaining  the  growth 
kinetics  of  thin,  low  temperature  oxides.  Differ¬ 
ences  in  the  interfaces  of  wet  and  dry  oxides  are 
highlighted. 

C12.5 

ELECTRONIC  STRUCTURE  OF  EPITAXIAL  S i 0 2 /S i ( 1 00 ) 
INTERFACES.  T.  Motooka.  Institute  of  Applied 
Physics,  University  of  Tsukuba.  Tsukuba, 

I ba ra k i  305,  Japan 

The  local  densities  of  states(LDOS)  of  epitaxial 
S i 0 2  layers  on  Si(100)  surfaces  have  been 
calculated  using  the  recursion  nethod  combined 
»ith  the  Harrison’s  universal  t i gh t- b i nd i ng 
aodel.  Clusters  comprising  *10*  atoms  were 
generated  to  describe  possible  crystalline  Si02 
layers  on  Si(100)  substrates.  In  an  epitaxial 
(/2x/2)R45*  structure  of  0  - cr istoba 1 i te,  only 
half  of  the  surface  Si  atoms  are  connected  to 
oxygen  in  S i 0 2 .  The  calculated  LD0S  associated 
with  the  remaining  surface  Si  atoms  shoved  that 
localized  states  due  to  the  dangling  bonds  (P. 
centers)  appeared  in  the  middle  of  the  Si  gap. 
These  gap  states  were  eliminated  by  terminating 
the  dangling  bonds  with  hydrogen  consistent  with 
the  results  of  photoelectron  spectroscopy 
measurements  for  H2  annealed  Si02/Si(100) 
interfaces.  On  the  other  hand,  all  the  surface 
Si  atoms  are  connected  to  the  0  atoms  in  a 
strained  tridymite  structure  with  an  epitaxial 
relationship  ( 001 )  [  00 1  ]  t  r  i  dym  i  te  ||  ( 1  00 )  [  1 1 0  ]  S  i . 

The  interface  states  appeared  near  the  Si 
conduction  band  edge  and  were  primarily 
composed  of  the  interface  0  2p  and  surface  Si  3s 
and  3p  orbi tals. 

C12.6 

THE  STRUCTURE  OF  INTERFACES  IN  OXIDE 
HETEROJUNCTIONS  FORMED  BY  CVD.  L.A.  Tielz.  S.R. 
Summerfelt,  and  C.B.  Carter,  Department  of  Materials  Science  and 
Engineering,  Cornell  University,  Ithaca,  NY  14853. 

The  development  of  a  network  of  misfit  dislocations  is  an  essential  process 
in  the  formation  of  many  types  of  phase  boundaries  during  epitactic 
growth.  The  introduction  of  misfit  dislocations  has  been  shown  to  affect 
not  only  the  elastic  energy  of  the  interface  but  also  the  orientation 
relationship  between  the  two  phases.  In  this  study,  a-Fe203  /  a-Al2C>3 
heterojunctions  are  used  as  model  interfaces  for  the  study  of  misfit 
dislocation  structures  in  oxides.  a-Fe2C>3  (hematite)  and  a-Al2C>3 
(sapphire)  have  the  same  crystal  structure  (S.G.  »  R3c;  c/a  =  2.73)  but 
with  a  5.5%  lattice  misfit. 

A  new,  non-destructive  method  of  preparing  oxide  heterojunctions  for 
examination  in  the  transmission  electron  microscope  has  been  used  to 
prepare  the  interfaces  for  this  work.  The  technique  involves  deposition  of 
thin  oxide  islands  directly  onto  a  TEM  foil  using  CVD;  in  this  case, 
hematite  was  deposited  on  (OOOl)-oriented  sapphire.  The  hematite  grew 
epitactically  with  nearly  exact  alignment  of  the  crystal  axes.  Island  sizes 
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were  predominantly  in  the  range  of  50  -  300  nm  in  diameter  by  <10  nm 
thick.  In  addition,  all  of  the  islands  were  attached  to  surface  steps  on  the 
substrate.  Weak-beam  imaging  has  been  used  to  characterize  the 
dislocation  structure  parallel  to  both  the  (0001)  terraces  and  the  step  faces. 
The  influence  of  the  dislocation  structure  on  island  orientation  and 
morphology  will  be  discussed. 

C13.1 

THE  STRUCTURE  OF  GRAIN  BOUNDARIES  IN  ALUMINUM* 

M.  J.  Mills  and  G.  J.  Thomas,  Sandia  National  Laboratories,  Livermore, 
CA  94551-0969;  and  F.  Cosandey,  Rutgers  University,  Piscataway,  NJ 
08854. 

A  systematic  study  of  the  structure  of  tilt  grain  boundaries  in  aluminum 
has  been  initiated.  High  resolution  transmission  electron  microscopy  is 
being  used  to  examine  the  interface  structure  of  several  bicrystals  with 
<110>  tilt  axes.  Specifically,  the  structure  of  a  19  [liO]  38.2° 
symmetric  tilt  boundary  has  been  determined.  The  grain  boundary  plane, 
which  appears  wavy  at  lower  magnification,  is  actually  composed  of 
atomically  flat  microfacets.  Several  different  structures  have  been 
identified  within  individual  microfacets:  two  distinct,  symmetric 
structures  with  (221 )  boundary  planes  and  an  asymmetric  structure  in 
which  the  interface  lies  on  a  (111)  of  one  of  the  crystals.  These 
observations  are  being  compared  with  calculated  structures  using  the 
Embedded  Atom  Method.  The  quantitative  comparison  between  the 
observed  and  predicted  grain  boundary  structures  is  accomplished  using 
multislice  image  simulations  based  on  the  calculated  structures.  The 
results  of  these  comparisons  and  the  evaluation  of  the  relative  energies  of 
the  microfacets  will  be  discussed. 

•This  work  is  supported  by  the  U.  S.  Department  of  Energy,  BES- 
Materials  Sciences,  under  contract  number  DE-AC04-76DP00789. 

C13.2 

ON  THE  ATONIC  STRUCTURE  OF  GRAIN  B0UNVAR1ES 
IN  SHALL  METALLIC  A NV  BIMETALLIC  PARTICLES. 

Mig till  Avaloi,  Robixto  Hixn&ndiz,  Pablo  Saha- 
bit ,  Axmando  V&zquiz  and  Miqu.il  Jo&l  Vacamin  , 
tnitituto  dl  Fiiica,  A pdo .  Postal  20364 ,  UNAU . 


The  itxu ctuxi  of  tmall  mitalli c  and  bimitalli c 
paxtichi  of  Pd,  lx.  Rh,  Ru,  Pt  and  it*  alloy i 
an  itxudild  uiing  H REM.  In  paxtiiulax  thi  in 
tixnal  boundaxin  that  axi  pxmnt  in  diffi-- 
x ant  itxuctuxn  axi  c omidixid  fox  a  numbix  of 
mitali  .  In  thi  c ail  of  bimitallic.  paxticlii  it 
ii  found  that  long  pixiod  itxuctuxn  axi  pxodu- 
cid  in  4 omi  xigiom  of  thi  paxtiili.  Viffixint 
michaniimi  thi  foxmation  of  twin  boundaxin 
in  thixi  itxuctuxn  axi  dinumd . 

C13.3 

STRUCTURE  AND  PROPERTIES  OF  THE  (110)  INVERSION 
DOMAIN  BOUNDARY  IN  0-SiC.  W.  R.  L.  Lambrecht  and  B. 
Segall,  Department  of  Physics,  Case  Western  Reserve  University, 
Cleveland,  OH  44106. 

The  interface  betwaen  two  domains  of  0-SiC  with  inverted  C  and 
Si  positions  is  called  an  Inversion  Domain  Boundary.  It  is  one  of  the 
most  frequently  occuring  planar  defects  in  cubic  SiC  heteroepitax- 
ially  grown  on  a  Si(001)  substrate  as  a  result  of  monos tomic  steps. 
Results  of  density  functional  electronic  structure  and  total  energy  cal¬ 
culations  using  the  linear  muffin-tin  orbital  method  are  presented  for 
the  (110)  interface.  The  latter  is  a  symmetry  plane  of  the  structure. 
This  circumstance  allows  us  to  obtain  the  energy  of  formation  of  the 


interface  by  subtracting  the  total  energies  of  superiattices  containing 
two  equivalent  interfaces  and  the  corresponding  perfect  crystal.  A 
simple  model  involving  C-C  and  Si-Si  bondlength  relaxation  by  neig- 
boring  Si-C  bond  rotations  is  proposed.  The  calculations  show  that 
this  lowers  the  total  energy  of  formation  of  the  defect  from  ~  6  eV 
for  the  ideal  structure  to  —  3  eV/interface  unit  cell  area.  Alterna¬ 
tive  structures  are  currently  investigated  by  means  of  a  valence  force 
field  approach.  The  interface  is  characterized  by  several  occupied 
interface  localized  states  in  the  bandgaps  (both  the  semiconducting 
bandgap  and  the  gap  between  the  lower  s-like  and  higher  p-like  va¬ 
lence  bands).  These  are  present  even  after  relaxation  of  the  structure. 
Layer  projected  densities  of  states  and  supercell  band-structures  will 
be  presented.  These  states  as  well  as  the  charge  accumulation  near 
the  interface  which  leads  to  a  potential  barrier  should  have  significant 
effects  on  the  electronic  transport.  The  high  interface  total  energy 
also  implies  a  weak  bonding  at  this  interface. 

C13.4 

MECHANICAL  RESPONSE  OF  MATERIALS  WITH  INTERFACES 
I.  Alber,  J.  L.  Bassani.  and  J.Qu,  Department  of  Mechanical 
Engineering  and  Applied  Mechanics,  University  of  Pennsylvania; 
V.  Vitek  and  G.-J.  Wang  Department  of  Materials  Science  and 
Engineering,  University  of  Pennsylvania,  Philadelphia,  PA  19104. 

Interfaces  are  regions  of  distinct  atomic  structure  and,  possibly, 
composition.  They  possess,  therefore,  properties  which  are 
different  from  those  in  the  bulk.  In  continuum  mechanics  studies, 
the  influence  of  an  interface  can  be  accounted  for  through 
displacement  discontinuities,  the  magnitude  of  which  depends 
both  on  tractions  along  the  interlace  and  the  interfacial  properties. 
The  latter  are  controlled  by  the  atomic  structure  of  the  interface 
and  a  relationship  between  the  atomic  scale  properties  and 
macroscopic  mechanical  response  can  thus  be  established. 

In  this  paper  we  consider  interfaces  between  misoriented  crystals, 
i.e.  grain  boundaries.  Their  atomic  structure  is  calculated  using 
established  methods  of  molecular  statics  with  interatomic  forces 
described  by  many-body  potentials.  The  atomic  level  stresses 
and  elastic  constants  are  then  calculated  and  on  their  basis  the 
interfacial  residual  stresses  and  elastic  moduli  evaluated.  These 
quantities  are  the  interfacial  properties  needed  when  considering 
the  mechanical  response,  and  they  are  an  input  into  the 
formulation  of  the  boundary  conditions  for  the  corresponding 
continuum  calculations. 

Using  the  results  of  these  studies  effective  elastic  properties  of  bi¬ 
crystals  are  deduced.  The  results  are  then  generalized  to 
properties  of  bimaterials  and  composite  materials. 

This  research  was  supported  by  the  NSF  Grant,  no.  88-06966  and 
the  MRL  Program  Grant  DMR85-19059. 

C13.5 

atomistic  simulation  studies  of  interfaces  in  nanophase 

COPPER  .AND  SILICON.  Janies  A  Lupo  and  Michael  J.  Sahochick  Dept.  of 
Engineering  Physics,  Air  Force  Institute  of  Technology,  Wright  Patterson 
AFB,  OH  45433. 

Nanophase  copper  and  silicon  were  investigated  using  atomistic  simulation 
Nanophase  materials  have  very  small  grains,  and  thus  a  significant  fraction  of 
the  atoms  are  surrounded  by  an  interface  instead  of  a  crystalline  environment. 

The  simulations  employed  an  embedded-atom  method  potential  Tor  copper, 
and  a  modified  Stiliinger-Weber  potential  appropriate  for  crystalline  and 
amorphous  silicon.  Computer  "samples"  of  nanophaae  material  were  formed 
by  compressing  together  three  grains  of  several  hundred  atoms  each,  using 
Flelcher-Powell  minimisation  and  external  pressures  of  0.5,  1.5,  and  4.5  GPa. 

All  copper  systems  compressed  to  nearly  the  density  of  the  perfect  crystal, 
even  with  8000-atom  (50.0A)  grains.  Silicon  systems  containing  105-atom 
(7.8A)  grains  compressed  to  relative  densities  of  6895,  8695  and  0795  at  the 
above  pressures,  as  compared  to  the  perfect  crystal.  Systems  with  305-alom 
(11. 3A)  grains  compressed  to  relative  densities  of  7095,  72%  and  7595-  Large 
voids  were  observed  in  each  case  Plots  of  atomic  positions  showed  that  cry¬ 
stalline  order  was  maintained  within  the  grains  up  to  the  interfaces.  In  other 
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words,  no  highly  disordered  interfaces  were  observed. 

Bulk  moduli  and  thermal  expansion  coefficients  were  calculated  using  molecu¬ 
lar  dynamics.  Nanophase  samples  with  relative  densities  near  unity  had  bulk 
moduli  close  to  that  of  the  perfect  lattice.  Samples  with  relative  densities  less 
than  unity  showed  correspondingly  lower  bulk  moduli.  For  example,  a  silicon 
sample  at  86%  relative  density  had  a  bulk  modulus  30%  lower  than  the  per¬ 
fect  lattice  bulk  modulus.  In  general,  the  bulk  moduli  seemed  to  be  more 
affected  by  voids  than  by  interfaces,  even  though  all  atoms  are  within  a 
second-nearest  neighbor  distance  of  an  interface  in  the  105-atom  grain  system. 
The  thermal  expansion  coefficients  of  the  nanophase  silicon  samples  were  gen¬ 
erally  larger  than  the  perfect  lattice  expansion  coefficient,  by  as  much  as  a  fac¬ 
tor  of  two  in  some  cases.  Above  600K,  the  silicon  samples  showed  evidence  of 
annealing,  and  started  to  densify.  The  implications  of  these  results  and  other 
calculations  regarding  the  structure  of  interfaces  and  their  effects  on  bulk  pro¬ 
perties  will  be  discussed. 

C13.6 

THE  APPLICATION  OF  GLANCING  ANGLE  EXAFS  TO  STUDY  THE 
STRUCTURE  OF  PLATINUM-NICKEL  MULTILAYERS.  G.  M.  Lamble. 
North  Carolina  State  University,  Raleigh,  NC  27695-8202, 
S.  M.  Heald,  Brookhaven  National  Laboratory,  Upton,  NY 
11973,  and  B.  M.  Clemens,  University  of  Stanford, 
Stanford,  CA  94305-2205 

Recent  reports  have  correlated  the  mechanical  properties 
of  multilayers  with  a  structural  expansion  of  the  con¬ 
stituents.  The  nature  of  this  expansion  is  under  dispute, 
with  conflicting  theories  by  Clemens  and  Easley  [1],  who 
attribute  the  expansion  to  an  interface  effect,  and 
Huberman  and  Grimsditch  [2],  who  regard  the  expansion  as  a 
bulk  effect.  We  apply  the  technique  of  glancing  angle 
EXAFS  to  obtain  detailed  structural  information,  to 
appraise  the  ability  of  this  technique  to  shed  light  on 
this  controversy.  We  perform  glancing  angle  EXAFS  on 
platinum-nickel  multilayers  of  varying  bilayer  thickness. 
Measurements  are  made  by  fluorescence  detection  of  EXAFS 
beyond  both  the  PtLm  and  the  N1  K  edges.  Considerable 
interlayer  mixing  is  evident,  along  with  the  retention  of 
the  bulk  metallic  character  within  the  layers. 

This  work  was  supported  by  the  U.S.  Department  of  Energy, 
Division  of  Materials  Sciences,  under  Contract  Nos. 
DE-AS05-80ER10742  and  DE-AC02-76CH00016 . 

(1)  Bruce  M.  Clemens  and  Gary  L.  Eesley,  Phys.  Rev.  Lett. 
M,  2356  (1988). 

12J  M.  L.  Huberman  and  M.  Grimsditch,  Phys.  Rev.  Lett.  62, 
1403  (1989). 


Cl  3. 7 

THE  ELECTRONIC  STRUCTURE  OF  15  GRAIN 
BOUNDARIES  IN  CU.  Erik  C.  Sowa  and  A.  Gonis,  Lawrence 
Livermore  National  Laboratory,  Livermore,  CA;*  X.-G. 
Zhang,  Northwestern  U.,  Chicago,  IL;  and  S.  M.  Foiles, 
Sandia  National  Laboratories  Livermore,  Livermore,  CA.+ 

We  present  first-principles  calculations  of  the  densities-of- 
states  (DOS’s)  of  unrelaxed  and  relaxed  twist  and  tilt  grain 
boundaries  (GB’s)  in  Cu.  The  relaxed  configurations  were 
obtained  through  the  use  of  the  Embedded  Atom  Method 
(EAM)1,  while  the  DOS’s  were  calculated  using  the  real-space 
multiple  scattering  theory  (RS-MST)  approach  recently 
introduced2  in  the  literature.  The  DOS’s  of  GB’s  are  compared 
against  those  of  bulk  materials  as  well  as  against  one  another. 
Although  the  RS-MST  calculations  are  still  not  self-consistent, 
these  comparisons  allow  us  to  verify  certain  expected  trends  in 
the  DOS’s,  and  to  verify  the  usefulness  and  reliability  of  our 
method. 

*  Supported  by  US  DOE  under  contract  W-7405-ENG-48. 
t  Supported  by  Director,  Office  of  Energy  Research,  Office  of 
Basic  Energy  Sciences,  Materials  Science  Division  of  the  US 
DOE. 

1.  S.  M.  Foiles,  submitted  to  Acta  Met. 

2.  X.-G.  Zhang  and  A.  Gonis,  Phys.  Rev.  Lett.  62,  1161-1164 
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METAL /SEMICONDUCTORS 
Chairs:  T.  L.  Cheeks  and  R.  w.  Fathauer 
Monday  Morning,  November  27 
Salon  C/D  (M) 

8:30  «P1.1 

STABILITY  OF  METAL  LAYERS  EMBEDDED  IN  SEMI¬ 
CONDUCTORS,  J.P.  Harbison.  T.  Sands,  C.J. 
Palmstrdm,  N.  Tabatabaie,  H.L.  Gilchrist, 
L.T.  Florez,  T.L.  Cheeks,  R.E.  Nahory,  W.K. 
Chan,  and  V.G.  Keramidas,  Bellcore,  Red 
Bank ,  NJ . 

9:00  PI. 2 

ELECTRICAL  AND  OPTICAL  CHARACTERIZATION  OF 
MBE  GROWN  BURIED  METAL  ( A1 ,  Ga )  As/NiAl/ 
(Al,Ga)As  DOUBLE  SCHOTTKY  DIODES,  T.L. 
Cheeks .  T.  Sands,  R.  Nahory,  J.  Harbison,  N. 
Tabatabaie,  H.  Gilchrist,  and  B.  Wilkens, 
Bellcore,  Red  Bank,  NJ. 

9:15  Dl ■ 3 

GROWTH  AND  CHARACTERIZATION  OF  GaAs/RARE- 
EARTH  MONOARSENIDE/GaAs  HETEROSTRUCTURES, 
C.J.  Palmstrdm.  S.  Mounier,  T.G.  Finstad,  N. 
Tabatabaie,  S.J.  Allen,  Jr.,  T.  Sands,  T.L. 
Cheeks,  P.F.  Miceli,  Bellcore,  Red  Bank,  NJ; 
J.G.  Zhu,  and  C.B.  Carter,  Cornell  Univer¬ 
sity,  Department  of  Materials  Science  and 
Engineering,  Ithaca,  NY. 

9:30  PI. 4 

EPITAXIAL  GROWTH  OF  MATCHED  METALLIC 
ErP0  6As0  4  LAYERS  ON  GaAs  AND  ErP0  5Sb0  5 
ON  InP  IN*  A  MBE  SYSTEM,  A.  Guivarc'h!  A.  Le 
Corre,  J.  Caulet,  B.  Guenais,  M.  Minier,  G. 
Ropars,  Centre  National  d 'Etudes  des  Tele¬ 
communications,  Lannion,  France. 

9:45  BREAK 

10:15  Dl . 5 

ANISOTROPIC  STRAIN  IN  THIN  EPITAXIAL 
CoSi2(110)  FILMS  GROWN  ON  Si (110),  S.M. 
Yalisove .  University  of  Michigan,  Department 
of  Materials  Science  and  Engineering,  Ann 
Arbor,  MI;  D.J.  Eaglesham,  and  R.T.  Tung, 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ. 

•Invited  Paper 

Short  Course  M-04,  "Optoelectronic 
Materials,  Processes,  and  Devices,"  c-20, 
"Optical  Characterization  of  III-V  Semicon¬ 
ductor  Epitaxial  Layers,"  and  P-16, 
"Epitaxial  Growth  of  Compound  Semicon¬ 
ductors,"  may  be  of  interest  to  symposium 
attendees.  Details  regarding  course  dates 
and  instructors  are  provided  in  the  short 
course  section  of  this  program. 


10:30  Dl . 6 

GROWTH  OF  EPITAXIAL  CoSi 2  AND  NiSi2  ON 
(111),  (100),  AND  (110)  Si  AT  ROOM  TEMPERA¬ 
TURE,  R.T.  Tuna,  and  F.  Schrey,  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ. 

10:45  ELI 

FORMATION  OF  ULTRATHIN  NICKEL  AND  COBALT 
SILICIDES  ON  Si  (111)  73X  JT-B  AT  ROOM 
TEMPERATURE,  L .  Luo .  State  University  of  New 
York  at  Albany,  Department  of  Physics, 
Albany,  NY;  G.A.  Smith,  State  University  of 
New  York  at  Albany,  Department  of  Physics, 
Albany,  NY  and  GE  Corporate  Research  and 
Development  Center,  Schenectady,  NY;  Shin 
Hashimoto  and  W.M.  Gibson,  State  University 
of  New  York  at  Albany,  Department  of 
Physics,  Albany,  NY. 

11:00  Dl . 8 

FORMATION  OF  HIGH  QUALITY  Si/CoSi 2/Si  DOUBLE 
HETERO-STRUCTURES  BY  SELF-ALIGNED  AND  TWO 
STEP  MOLECULAR  BEAM  EPITAXY,  M.  MiyaO .  T. 
Ohshima,  N.  Nakamura  and  K.  Nakagawa,  Hita¬ 
chi  Ltd.,  Central  Research  Laboratory, 
Tokyo,  Japan. 

11:15  D1.9 

GROWTH  AND  CHARACTERIZATION  OF  EPITAXIAL 
CoSi2  ON  Si ( 100 ) ,  Jorae  R-  Jimenez.  L. 
Hsiung,  K.v.  Ramanathan,  K.  Rajan,  L.J. 
Schowalter,  Rensselaer  Polytechnic  Insti¬ 
tute,  Center  for  Integrated  Electronics, 
Troy,  NY;  Shin  Hashimoto,  State  University 
of  New  York,  Physics  Department,  Albany,  NY; 
R.D.  Thompson,  B.A.  Ek,  and  S.S.  Iyer,  IBM 
T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY. 

11:30 

EVOLUTION  OF  STRESS  DURING  HETEROEPITAXIAL 
GROWTH  OF  NiSi2  ON  (001)  AND  (111)  SILICON 
SUBSTRATES,  H . L .  Ho .  C.L.  Bauer,  S.  Mahajan, 
Carnegie  Mellon  University,  Department  of 
Metallurgical  Engineering  and  Materials 
Science,  Pittsburgh,  PA;  A.G.  Milnes,  Car¬ 
negie  Mellon  University,  Department  of 
Electrical  and  Computer  Engineering,  Pitts¬ 
burgh,  PA. 

11:45  PI. 11 

COLUMNAR  EPITAXY  OF  CoSi2  ON  Si (111),  (100), 
and  (110),  R.W.  Fathauer.  California  In¬ 
stitute  of  Technology,  Jet  Propulsion  Labor¬ 
atory,  Pasedena,  CA;  C.W.  Nieh,  California 
Institute  of  Technology,  Materials  Science 
Department,  Pasadena,  CA;  Q.F.  Xiao  and  Shin 
Hashimoto,  State  University  of  New  York  at 
Albany,  Physics  Department,  Albany,  NY. 


SESSION  D2; _ HETEROEPITAXY :  METALS ■ 

SEMICONDUCTORS.  AND  INSULATORS 
Chairs:  R.  T.  Tung  and  R.  F.  C.  Farrow 

Monday  Afternoon,  November  27 
Salon  C/D  (M) 

1:30  D2.1 

HIGH  RESOLUTION  X-RAY  SCATTERING  STUDIES  OF 
STRAIN  IN  EPITAXIAL  THIN  FILMS  OF  YTTRIUM 
SILICIDE  GROWN  ON  SILICON ( 1 1 1 )  ,  L.  J. 
Martln.ez-Mir.anda,  University  of  Pennsyl¬ 
vania,  Laboratory  for  Research  on  the  Struc¬ 
ture  of  Matter,  Department  of  Electrical 
Engineering,  Philadelphia,  PA;  M.P.  Siegal, 
University  of  Pennsylvania,  Laboratory  for 
Research  on  the  Structure  of  Matter,  Depart¬ 
ment  of  Materials  Science  and  Engineering, 
Philadelphia,  PA;  P.A.  Heiney,  University  of 
Pennsylvania,  Laboratory  for  Research  on  the 
Structure  of  Matter,  Department  of  Physics, 
Philadelphia,  PA;  J.J.  Santiago-Aviles , 
University  of  Pennsylvania,  Laboratory  for 
Research  on  the  Structure  of  Matter,  Depart¬ 
ment  of  Electrical  Engineering,  Philadel¬ 
phia,  PA;  and  W.R.  Graham,  University  of 
Pennsylvania,  Laboratory  for  Research  on  the 
Structure  of  Matter,  Department  of  Materials 
Science  and  Engineering,  Philadelphia,  PA. 

1:45  D2.2 

SURFACE  MORPHOLOGY  OF  TiSi2  FORMED  FROM  UHV 
DEPOSITED  Ti  ON  Si,  Hyeongtag  Jeon.  North 
Carolina  State  University,  Department  of 
Materials  Science  and  Engineering,  Raleigh, 
NC;  R.J.  Nemanich,  J.W.  Honeycutt  and  G.A. 
Rozgonyi,  North  Carolina  State  University, 
Department  of  Physics  and  Department  of 
Materials  Science  and  Engineering,  Raleigh, 
NC. 

2:00  D2.3 

EPITAXIAL  GROWTH  OF  TbSi2  ON  Si(lll),  F.H. 
Kaatz .  Laboratory  for  Research  on  the  Struc¬ 
ture  of  Matter  and  the  University  of 
Pennsylvania,  Department  of  Materials 
Science,  Philadelphia,  PA;  J.  Van  der 
Spiegel ,  Laboratory  for  Research  on  the 
Structure  of  Matter  and  the  University  of 
Pennsylvania,  Department  of  Electrical 
Engineering,  Philadelphia,  PA;  and  W.R. 
Graham,  Laboratory  for  Research  on  the 
Structure  of  Matter  and  the  University  of 
Pennsylvania,  Department  of  Materials 
Science,  Philadelphia,  PA. 

2:15  D2.4 

GROWTH  KINETICS  OF  Si  ON  SAPPHIRE  BY  MBE  AS 
A  FUNCTION  OF  SUBSTRATE  IN-SITU  HIGH  TEMPER¬ 
ATURE  SUBSTRATE  ANNEAL,  Eliezer  Dovid 
Richmond .  Naval  Research  Laboratory,  Wash¬ 
ington,  DC;  Joseph  G.  Pellegrino,  National 
Institute  of  Standards  and  Technology, 
Gaithersburg,  MD;  and  Mark  E.  Twigg,  GEO- 
Centers  Inc.,  Fort  Washington,  MD. 


2:30  D2.5 

A  HREM  STUDY  OF  EPITAXIAL  FLUORIDE  /  RARE 
EARTH  /  FLUORIDE  /  GaAs  INTERFACES,  C.J. 
Chien,  Stanford  University,  Department  of 
Materials  Science  and  Engineering,  Stanford, 
CA;  R.F.C.  Farrow.  IBM  Almaden  Research 
Center,  San  Jose,  CA;  and  J.C.  Bravman, 
Stanford  University,  Department  of  Materials 
Science  and  Engineering,  Stanford,  CA. 

2:45  D2.6 

INFLUENCE  OF  OFF-ORIENTED  SUBSTRATES  ON 
HETEROEPITAXIAL  GROWTH  OF  (Ca,  Sr)F2  LAYERS 
ON  Si (100),  Tetsuroh  Minemura  and  Junko 
Asano,  Hitachi,  Ltd.,  Hitachi  Research 
Laboratory,  Ibaraki,  Japan;  Kazuo  Tsutsui 
and  Seijiro  Furukawa,  Tokyo  Institute  of 
Technology,  Department  of  Applied  Electron¬ 
ics,  Yokohama,  Japan. 

3:00  BREAK 

3:30  D2.7 

STRAIN  IN  EPITAXIAL  GaAs  ON  CaF2/Si ( 111 ) , 
L.J.  Schowalter.  J.E.  Ayers  and  S.K. 
Ghandhi,  Rensselaer  Polytechnic  Institute, 
Center  for  Integrated  Electronics,  Troy,  NY; 
Shin  Hashimoto,  W.M.  Gibson,  State  Uni¬ 
versity  of  New  York  at  Albany,  Physics 
Department,  Albany,  NY;  F.K.  LeGoues,  IBM 
T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY;  and  P.A.  Claxton,  University  of 
Sheffield,  Dept,  of  Electronic  and  Electri¬ 
cal  Engineering,  Sheffield,  United  Kingdom. 

3:45  D2.8 

EPITAXIAL  GROWTH  OF  (100)  GaAs  ON  SOS  USING 
A  SPECIFICALLY  DESIGNED  MOCVD  SYSTEM,  T. 
Nishimura,  K.  Kadoiwa,  K.  Mitsui  and  T. 
Murotani,  Mitsubishi  Electric  Corp. ,  Op¬ 
toelectronic  and  Microwave  Devices  R&D  Lab., 
Hyogo,  Japan. 

4 : 00  D2.9 

EFFECT  OF  STOICHIOMETRY  ON  THE  ACTIVATION  OF 
IMPLANTED  Si  IN  MBE-GROWN  GaAs  ON  Si,  T.S. 
Kim  and  Y.C.  Kao,  Texas  Instruments,  Inc., 
Central  Research  Laboratories,  Dallas,  TX. 

4:15  QZjJLO 

SELECTIVE  AREA  GROWTH  OF  GaAs  ON  Si  BY 
ELECTRON-CYCLOTRON-RESONANCE  PLASMA-EXCITED 
MOLECULAR-BEAM-EPITAXY  (ECR-MBE),  Tomohiro 
Shibata .  Naoto  Kondo,  Yasushi  Nanishi  and 
Masatomo  Fujimoto,  NTT  Opto-electronics 
Laboratories,  Kanagawa,  Japan. 

4:30  D2.ll 

ELECTRICAL  PROPERTIES  OF  MESA  DIODES  ON 
EPITAXIAL  GaAs/Si,  K.L.  Jiao,  A.J.  Soltyka, 
w . A .  Anderson.  State  University  of  New  York 
at  Buffalo,  Center  for  Electronic  and 
Electro-optic  Materials,  Department  of 
Electrical  and  Computer  Engineering, 
Amherst,  NY;  and  S.M.  Vernon,  Spire  Corpora¬ 
tion,  Bedford,  MA. 
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4:45  D2.12 

HIGH  QUALITY  GaAs  ON  SOI  BY  MOCVD,  N.H. 
Karam ,  V.E.  Haven,  S.M.  Vernon,  Spire 
Corporation,  Bedford,  MA;  N.A.  El-Masry, 
North  Carolina  State  University,  Raleigh, 
NC;  and  N.  Haegel,  University  of  California, 
Los  Angeles,  CA. 

SESSION  P3  • _ FUTURE  DEVELOPMENTS  IN 

EPITAXIAL  TECHNIQUES  AND  EQUIPMENT 
Chairs:  L.J.  Schowalter  and  J.E.  Cunningham 
Monday  Evening,  November  27 
8:00  p.m.  -  10:00  p.m. 

Salon  C/D  (M) 

SESSION-PA; _ GENERAL  TOPICS  IN  STRAINED- 

LAYER  EPITAXY 

Chairs:  C.  P.  Flynn  and  L.  B.  Freund 
Tuesday  Morning,  November  28 
Salon  C/D  (M) 


8:30  *04,1 

FUNDAMENTAL  ISSUES  IN  HETEROEPITAXY:  A  DOE 
COUNCIL  OF  MATERIALS  SCIENCE  PANEL  REPORT, 
Paul  S.  Peercy.  Sandia  National  Labora¬ 
tories,  Albuquerque,  NM. 

9:00  D4.2 

THE  ROLE  OF  AN  INTERFACE  MISFIT  DISLOCATION 
IN  BLOCKING  THE  GLIDE  OF  A  THREADING  DIS¬ 
LOCATION  IN  A  STRAINED  EPITAXIAL  LAYER,  L.B. 
Freund .  J.C.  Ramirez  and  A.  Bower,  Brown 
University,  Division  of  Engineering,  Provi¬ 
dence,  RI. 

9:15 

SURFACE  STRESS  EFFECTS  ON  EPITAXY, 
Sieradzki  and  R.C.  Cammarata,  The  Johns 
Hopkins  University,  Department  of  Materials 
Science  and  Engineering,  Baltimore,  MD. 

9:30  D4.4 

MICRODIFFRACTION  FROM  CLEAVED  Si-Si  i^Ge* 
MULTILAYERS,  W.T.  Pike.  Cambridge  Univer¬ 
sity,  Department  of  Physics,  Cavendish 
Laboratory,  Cambridge,  United  Kingdom. 

9:45  04^5 

ELECTRON  CHANNELING  ANALYSIS  OF  ELASTIC 
STRAINS  IN  InGaAs  THIN  FILMS,  R.  Keller.  W. 
Zielinski,  w.w.  Gerberich,  and  J. 
Kozubowski,  University  of  Minnesota,  Depart¬ 
ment  of  Chemical  Engineering  and  Materials 
Science,  Minneapolis,  MN. 

10:00  BREAK 

10:30  »D4.6 

GROWTH  AND  RELAXATION  OF  STRAINED  HETERO¬ 
STRUCTURES,  J .  Y  .  Tsao  .  Sandia  National 
Laboratories,  Albuquerque,  NM. 


11:00  D4.7 

ALTERNATE  ROUTES  TOWARD  MISMATCH  ACCOMODA¬ 
TION  IN  STRAINED- LAYER  STRUCTURES,  Brian  W. 
Dodson .  Sandia  National  Laboratories,  Albu¬ 
querque  ,  NM . 

11:15  D4.8 

A  STUDY  OF  DISLOCATION  BENDING  PROCESSES  AT 
STRAINED  LAYER  INTERFACES,  S.A.  Hussien, 
N.A.  El-Masrv.  J.C.L.  Tarn,  J.-R.  Gong,  and 
S.M.  Bedair,  North  Carolina  State  Univer¬ 
sity,  Electrical  and  Computer  Engineering 
Department,  Raleigh,  NC. 

11:30  P4.9 

DISLOCATION  DENSITY  REDUCTION  IN  GaAs  EPI- 
LAYERS  ON  SILICON  USING  STRAINED  LAYER 
SUPERLATTICES,  S.  Sharan,  M.  Sanganeria,  K. 
Jagannadham,  and  J.  Narayan,  North  Carolina 
State  University,  Department  of  Materials 
Science  and  Engineering,  Raleigh,  NC. 

11:45  D4.10 

THE  KINETICS  OF  STRAIN  RELAXATION  IN  In- 
GaAs/GaAs  STRAINED  MULTILAYERS,  David  C . 
Paine  and  Morgan  Kurk,  Brown  University, 
Engineering  Department,  Providence,  RI; 
Robert  N.  Sacks,  Timothy  C.  Eschrich  and 
William  J.  Tanski ,  United  Technologies 
Research  Center,  Electronic  Material  Depart¬ 
ment,  East  Hartford,  CT. 

SESSION  D5 : _ SiGe  EPITAXY 

Chairs:  D.  J.  Eaglesham  and  S.  M.  Prokes 

Tuesday  Afternoon,  November  28 
Salon  C/D  (M) 


1:30  *P5tl 

PROPERTIES  AND  DEVICE  APPLICATIONS  OF  Sia_x- 

Gex  alloys,  Subraroanian  S, _ Ixsx.,  ibm  t.j. 

Watson  Research  Center,  Research  Division, 
Yorktown  Heights,  NY. 

2:00  D5.2 

THE  GROWTH  MECHANISM  OF  EPITAXIAL  SiGe 
HETEROSTRUCTURES  PRODUCED  BY  WET  OXIDATION 
OF  AMORPHOUS  SiGe  THIN  FILMS,  S.M.  Prokes. 
U.S.  Naval  Research  Laboratory,  Washington, 
DC;  and  A.K.  Rai,  Universal  Energy  Systems, 
Inc.,  Dayton,  OH. 

2:15  D5.3 

SOLID  PHASE  EPITAXIAL  REGROWTH  OF  Ge^i^x 
ON  [100]  Si,  0 . Z .  Hona .  A. J.  Yu,  J.w.  Mayer, 
Cornell  University,  Department  of  Materials 
Science  and  Engineering,  Ithaca,  NY;  J.M. 
Poate,  J.C.  Bean,  and  D.J.  Eaglesham,  AT&T 
Bell  Laboratories,  Murray  Hill,  NJ. 

2:30  D5.4 

SOLID  PHASE  EPITAXIAL  REGROWTH  OF  SiGe 
STRAINED  LAYERS  AMORPHIZED  BY  ION  IMPLANTA¬ 
TION,  B.J.  Robinson.  B.T.  Chilton,  and  D . A. 
Thompson,  McMaster  University,  Centre  for 
Electrophotonic  Materials  and  Devices, 
Hamilton,  Canada. 
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D6.2 


2:45  Q5 . 5 

REDUCTION  OF  DEFECT  DENSITY  IN  HETEROEPITAX- 
IAL  GexSi1_x  GROWN  ON  PATTERNED  Si  SUB¬ 
STRATES,  E.A.  Fitzgerald.  P.E.  Freeland, 
Y.-H.  Xie,  AT&T  Bell  Laboratories,  Murray 
Hill,  NJ. 

3:00  BREAK 

3:30  »D5.6 

EXPERIMENTAL  STUDIES  OF  KINETIC  EFFECTS  IN 
STRAINED  LAYER  EPITAXY,  R.  Hull,  and  J.C. 
Bean,  AT&T  Bell  Laboratories,  Murray  Hill, 
NJ . 

4:00  B5,.Z 

THE  2D-3D  TRANSITION  IN  THE  MBE  GROWTH  OF 
Ge/Si,  D.J.  Eaalesham,  and  M.  Cerullo,  AT&T 
Bell  Laboratories,  Murray  Hill,  NJ. 

4:15  05.8 

MORPHOLOGY  OF  GE  FILMS  GROWN  LAYER  BY  LAYER 
ON  SI (001),  F.K.  LeGoues.  M.  Copel  and  R.M. 
Tromp,  IBM  T.J.  Watson  Research  Center, 
Yorktown  Heights ,  NY . 

4:30  D5.9 

MISFIT  DISLOCATION  NUCLEATION  AND  MULTI¬ 
PLICATION  AT  GexSi1_x/Si  INTERFACES,  D.D. 
Perovic,  G.C.  Weatherly,  University  of 
Toronto,  Department  of  Metallurgy  and  Mate¬ 
rials  Science,  Toronto,  Canada;  and  D.  C , 
Houghton.  National  Research  Council,  Di¬ 
vision  of  Physics,  Ottawa,  Canada. 

4:45  D5.10 

DISLOCATION  BEHAVIOUR  IN  GexSi1_x  EPXLAYERS 
ON  (001) Si;  E.P.  Kvam.  The  University  of 
Liverpool,  Department  of  Materials  Science 

and  Engineering,  Liverpool,  United  Kingdom; 
and  Lawrence  Berkeley  Laboratory,  Berkeley, 
CA;  D.M.  Maher,  The  University  of  Liverpool, 
Department  of  Materials  Science  and  En¬ 
gineering,  Liverpool,  United  Kingdom;  and 

AT&T  Bell  Laboratories,  Murray  Hill,  NJ;  and 
C.J.  Humphreys,  The  University  of  Liverpool, 
Department  of  Materials  Science  and  En¬ 

gineering,  Liverpool,  United  Kingdom. 

SESSION  D.j?.: _ METALLIC  SUPERLATTICES 

Chairs:  R.  C.  Cammarata  and  A.  F.  Jankowski 

Wednesday  Morning,  November  29 
Salon  C/D  (M) 

8:30  *m,l 

METASTABILITY  IN  SINGLE  CRYSTAL  EPILAYERS 
AND  SUPERLATTICES  GROWN  BY  MBE,  R.  Du  and 
C.P.  Flvnn.  University  of  Illinois  at 
Urbana-Champaign,  Materials  Research  Labora¬ 
tory  and  Department  of  Physics,  Urbana,  IL. 


9:00 

MICROSTRUCTURE  OF  FCC/BCC  METAL  MULTILAYERS, 
Niael  M.  Jennett.  D.J.  Dingley,  Bristol 
University,  Department  of  Physics,  Bristol, 
United  Kingdom;  and  Y.  Ando,  Nagoya  Univer¬ 
sity,  Department  of  Applied  Physics,  Nagoya, 
Japan. 

9:15  P6.3 

AN  INVESTIGATION  OF  THE  DISLOCATION  STRUC¬ 
TURE  OF  THE  NI/AG  PHASE  BOUNDARY,  Thomas  A. 
Bamf ord .  Wilkes  College,  School  of  Engineer¬ 
ing  and  Applied  Science,  Wilkes-Barre,  PA. 

9:30  D6.4 

EPITAXIAL  GROWTH  OF  Cu-Ni  SINGLE  CRYSTAL 
ALLOYS  AND  SUPERLATTICES  BY  MOLECULAR  BEAM 
EPITAXY,  R.P.  Burns.  Research  Triangle 
Institute,  Research  Triangle  Park,  NC,  and 
North  Carolina  State  University,  Department 
of  Physics,  Raleigh,  NC;  Y.H.  Lee,  North 
Carolina  State  University,  Department  of 
Materials  Science  and  Engineering,  Raleigh, 
NC;  N.R.  Parikh,  University  of  North 
Carolina,  Department  of  Physics  and  Astrono¬ 
my,  Chapel  Hill,  NC;  and  J.B.  Posthill,  M.J. 
Mantini,  and  R.J.  Markunas,  Research 
Triangle  Institute,  Research  Triangle  Park, 
NC. 

9:45  D6.5 

STRUCTURAL  AND  ELECTRONIC  PROPERTIES  OF 
Pb/Cu  MULTILAYERS,  Dominique  Neerinck, 
Kristiaan  Temst,  Hans  Vanderstraeten ,  and 
Yvan  Bruvnseraede .  Katholieke  Universiteit 
Leuven,  Laboratorium  voor  Vaste  Stof-Fysika 
en  Magnetisme,  Leuven,  Belgium;  and  Ivan  K. 
Schuller,  University  of  calif ornia-San 
Diego,  Physics  Department,  La  Jolla,  CA. 

10:00  BREAK 

10:30  D6.6 

SURFACE  STRESS  EFFECTS  ON  THE  ELASTIC  MODULI 
OF  SUPERLATTICE  THIN  FILMS,  R.C.  Cammarata. 
K.  Sieradzki,  The  Johns  Hopkins  University, 
Department  of  Materials  Science  and  En¬ 
gineering,  Baltimore,  MD;  and  F.  Streitz, 
The  Johns  Hopkins  University,  Department  of 
Physics  and  Astronomy,  Baltimore,  MD. 

10:45  B6 J 

ANALYSIS  OF  Au/Ni  MULTILAYERS  BY  X-RAY 
DIFFRACTION,  J.  Chaudhuri .  S.  Shah,  V. 
Gondhalekar,  Wichita  State  University,  The 
Institute  for  Aviation  Research,  Mechanical 
Engineering  Department,  Wichita,  KS;  and 
A.F.  Jankowski,  University  of  California, 
Lawrence  Livermore  National  Laboratory, 
Livermore,  CA. 
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11:00  D6.8 

ELASTIC  PROPERTIES  OF  FCC-FCC  METALLIC 
MULTILAYERS,  John  R.  Dutcher.  Sukmock  Lee, 
Jeha  Kim,  Craig  D.  England,  George  I, 
Stegeman  and  Charles  M.  Falco,  University  of 
Arizona,  Optical  Sciences  Center  and  Depart¬ 
ment  of  Physics,  Tucson,  AZ. 

11:15  D6.9 

EPITAXIAL  Fe/Ag  AND  Mn/Ag  SUPERLATTICES, 
Nahm.  and  L.  Salamanca-Young,  University  of 
Maryland,  Department  of  Chemical  and  Nuclear 
Engineering,  College  Park,  MD;  and  B.T. 
Jonker,  J.J.  Krebs,  and  G.A.  Prinz,  Naval 
Resarch  Laboratory,  Washington,  DC. 

11:30  06. IQ 

GROWTH  AND  CHARACTERIZATION  OF  (Mn/Ag)  (001) 
SUPERLATTICES,  B.T.  Jonker.  Y.U.  Idzerda, 
J.J.  Krebs,  and  G.A.  Prinz,  Naval  Research 
Laboratory,  Washington,  DC. 

11:45  P&.A1 

FORMATION  AND  STRUCTURE  OF  Mo  THIN  LAYERS  ON 
Ni(001)  AND  Mo-Ni  SUPERLATTICES ,  Y .  H .  Lee . 
North  Carolina  State  University,  Department 
of  Materials  Science  and  Engineering, 
Raleigh,  NC;  R.P.  Burns,  Research  Triangle 
Institute,  Research  Triangle  Park,  NC,  and 
North  Carolina  State  University,  Department 
of  Materials  Science  and  Engineering, 
Raleigh,  NC;  J.B.  Posthill,  M.J.  Mantini, 
R.J.  Markunas,  Research  Triangle  Institute, 
Research  Triangle  Park,  NC;  and  K.J. 
Bachmann,  North  Carolina  State  University, 
Department  of  Materials  Science  and  En¬ 
gineering,  Raleigh,  NC. 

SESSION.  B7; _ UlrV  -IA1 

Chairs:  C.  Tu  and  W.  Wang 

Wednesday  Afternoon,  November  29 
Salon  C/D  (M) 

1:30  *P7.1 

MATERIALS  AND  DEVICE  PROPERTIES  OF  LATTICE- 
MATCHED  AND  PSEUDOMORPHIC  InP  BASED  HETERO¬ 
STRUCTURES,  Umesh  K.  Mishra.  North  Carolina 
State  University,  Department  of  Electrical 
and  Computer  Engineering,  Raleigh,  NC;  and 
April  S.  Brown,  Cornell  University,  Ithaca, 
NY. 

2:00  D7 ■ 2 

MATERIALS  AND  DEVICE  CHARACTERISTICS  OF 
PSEUDOMORPHIC  AlGaAs-InGaAs-GaAs  AND  AllnAs- 
InGaAs-InP  HIGH  ELECTRON  MOBILITY  TRANSIS¬ 
TORS,  J.M.  Ballinaall,  Pin  Ho,  G.J.  Tessmer, 
P. A .  Martin,  T.  H.  Yu,  P.C.  Chao,  P.M.  Smith 
and  K.G.H.  Duh,  General  Electric  Company, 
Electronics  Laboratory,  Syracuse,  NY. 


2:30  D7 . 3 

X-RAY  DIFFRACTION  STUDY  OF  InAlAs-InGaAs  ON 
InP  HIGH  ELECTRON  MOBILITY  TRANSISTOR  STRUC¬ 
TURE  PREPARED  BY  MOLECULAR-BEAM  EPITAXY , 
H. V .  Liu.  Y.C.  Kao  and  T.S.  Kim,  Texas 
Instruments,  Inc.,  Central  Research  Labora¬ 
tories,  Dallas,  TX. 

2:45  D7.4 

STRUCTURAL  AND  ELECTRONIC  PROPERTIES  OF 
GaAs/InGaAs/GaAs  HETEROSTRUCTURES,  J.M. 
Bonar .  R.  Hull,  R.J.  Malik,  and  R.W.  Ryan, 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ ;  and 

J. F.  Walker,  Laboratorio  TASC,  Trieste, 
Italy. 

3:00  BREAK 

3:30  D7.5 

FIELD  EFFECT  TRANSISTOR  STRUCTURE  BASED  ON 
STRAIN  INDUCED  POLARIZATION  CHARGES,  D.L. 
Smith .  Los  Alamos  National  Laboratory,  Los 
Alamos,  NM;  R.T.  Collins,  T.F.  Kuech,  IBM 
T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY;  C.  Mailhiot,  Xerox  Webster 
Research  Center,  Webster,  NY. 

3:45  D7.6 

THE  EFFECT  OF  INDIUM  DEPLETION  ON  THE  COM¬ 
POSITION  OF  OMVPE  GROWN  GaAs ,  P.D.  Aqnello. 
IBM  T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY;  P.B.  Chinoy  and  S.K.  Ghandhi, 
Rensselaer  Polytechnic  Institute,  Troy,  NY. 

4:00  D7 . 7 

HETEROJUNCTION  STUDY  OF  Ga0  9In0  !As(p+)/ 
GaAs(n)  DIODES:  CORRELATION  OF  ELECTRICAL 
AND  STRUCTURAL  CHARACTERISTICS,  Y.W.  Choi. 
C.R.  Wie,  State  University  of  New  York  at 
Buffalo,  Department  of  Electrical  and  Com¬ 
puter  Engineering  and  Center  for  Electronic 
and  Electrooptic  Materials,  Amherst,  NY; 

K. R.  Evans  and  C.E.  Stutz,  Wright-Peterson 
Air  Force  Base,  OH. 

4:15  D7.8 

SURFACE  CROSS-HATCHED  MORPHOLOGY  ON  STRAINED 
III-V  SEMICONDUCTOR  HETEROSTRUCTURES,  K.H. 
Chang .  D.  Srolovitz,  R.  Gibala,  University 
of  Michigan,  Department  of  Materials  Science 
and  Engineering,  Ann  Arbor,  MI;  P.K.  Bhat- 
tacharya,  University  of  Michigan,  Department 
of  Electrical  Engineering  and  Computer 
Science,  Ann  Arbor,  MI;  and  J.F.  Mansfield, 
University  of  Michigan,  Electron  Microbeam 
Analysis  Laboratory,  Ann  Arbor,  MI. 

4:30  D7j-9 

THERMAL  STABILITY  OF  STRAINED  InGaAs/GaAs 
SINGLE  QUANTUM  WELLS,  B.  Elman.  Emil  S. 
Koteles,  P.  Melman,  C.A.  Armiento  and  C. 
Jagannath,  GTE  Laboratories,  Inc.,  Waltham, 
MA. 
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4:45  D7.10 

APPLICATION  OF  GaAs-AlGaAs  SUPERLATTICE 
STRUCTURE  FOR  FABRICATING  HIGH  BREAKDOWN 
VOLTAGE  POWER  MISFET,  W.C.  Liu.  W.S.  Lour, 
R.L.  Wang  and  W.C.  Hsu,  National  Cheng  Kung 
University,  Department  of  Electrical  En¬ 
gineering,  Tainan,  Taiwan,  China. 

SESSION  D8 :  III-V 

Chairs:  A.  C.  Gossard  and  c.  Fonstead 
Thursday  Morning,  November  30 
Salon  C/D  (M) 

8:30  »D8.1 

RESONANT  TUNNELING  TRANSISTORS  AND  QUANTUM 
EFFECT  DEVICES,  Fe_derico  Capasso.  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ. 

9:00  ?B8.t2 

DIFFRACTION  STUDIES  OF  THE  GROWTH  OF 
STRAINED  EPITAXIAL  FILMS,  G.J.  Whaley  and 
P.I.  Cohen.  University  of  Minnesota,  Depart¬ 
ment  of  Electrical  Engineering,  Minneapolis, 
MN . 

9:30  D8.3 

EFFECTS  OF  SUBSTRATE  MISORIENTATION  AND  THE 
GROWTH  MECHANISM  OF  Si  DOPED  GaAs  GROWN  ON 
(111)  A  SUBSTRATE  BY  MBE ,  Y.  Okano ■  H.  Seto, 

M.  Shigeta,  S.  Nishine,  I.  Fujimoto,  ATR 
Optical  and  Radio  Communications  Research 
Laboratories,  Kyoto,  Japan;  and  T.  Su2uki, 
Science  and  Technical  Research  Laboratories 
of  NHK,  Tokyo,  Japan. 

9:45  D8.4 

ORDERED  TERNARY  ALLOYS  BY  ATOMIC  LAYER 
EPITAXY,  B.T.  McDermott.  K.G.  Reid,  A.  Dip, 

N. A.  El-Masry,  S.M.  Bedair,  North  Carolina 
State  University,  Electrical  and  Computer 
Engineering  Department,  Raleigh,  NC;  W. 
Duncan,  Texas  Instruments,  Dallas,  TX;  X. 
Yin  and  F.H.  Poliak,  Brooklyn  College  of 
CUNY,  Department  of  Physics,  Brooklyn,  NY. 

10:00  BREAK 

10:30  D8.5 

InAS  AND  InGaAs  GROWTH  BY  CHLORIDE  ATOMIC 
LAYER  EPITAXY,  H.  Shimawaki .  NEC  Corp. , 
Microelectronics  Research  Laboratories, 
Kawasaki,  Japan;  Y.  Kato  and  A.  Usui,  NEC 
Corporation,  Fundamental  Research  Labora¬ 
tories,  Ibaraki,  Japan. 

10:45  D8.6 

ELECTRICAL  AND  MATERIAL  CHARACTERIZATION  OF 
THE  STABILITY  OF  ALGAAS  AND  INGAAS  PLANAR 
DOPED  STRUCTURES,  Larry  P.  Sadwick.  Univer¬ 
sity  of  Utah,  Department  of  Electrical 
Engineering,  Salt  Lake  City,  UT;  and  Dwight 
C.  Streit,  TRW  Electronic  Systems  Group, 
Redondo  Beach,  CA. 


11:00  D8.7 

KINETICS  OF  QUANTUM  WIRE  GROWTH  ON  VICINAL 
SURFACES,  K.J.  Hugill,  S.  Clarke,  p.p. 
Vvedensky .  and  B . A.  Joyce,  Imperial  College, 
The  Blackett  Laboratory  and  Semiconductor 
Materials  IRC,  London,  United  Kingdom. 

11:15  D8.8 

LIQUID  PHASE  ELECTROEPITAXIAL  ( LPEE )  GROWTH 
OF  GaSb  AND  InGaAsSb,  Shanthi  N.  Iyer.  Ali 
Abul-Fadl,  North  Carolina  A&T  State  Univer¬ 
sity,  Department  of  Electrical  Engineering, 
Greensboro,  NC;  Albert  T.  Macrander,  AT&T 
Bell  Laboratories,  Murray  Hill,  NJ;  Jonathan 
H.  Lewis  and  W.  J.  Collis,  North  Carolina 
A&T  State  University,  Department  of  Electri¬ 
cal  Engineering,  Greensboro,  NC. 

11:30  D8.9 

ENERGETICS  AND  RELAXATIONS  OF  ADATOM,  DOPANT 
AND  VACANCY  RELATED  COMPLEXES  ON  NORMAL  AND 
STRAINED  GaAs  (001)  SURFACE,  S.B.  Ogale, 
University  of  Southern  California,  Depart¬ 
ments  of  Materials  Science  and  Physics,  Los 
Angeles,  CA;  and  University  of  Poona, 
Department  of  Physics,  Pune,  India;  A. 
Madhukar .  University  of  Southern  California, 
Departments  of  Materials  Science  and  Phys¬ 
ics,  Los  Angeles,  CA;  and  R.  Vishwanathan, 
University  of  Poona,  Department  of  Physics, 
Pune,  India. 

11:45  D8.10 

PULSED  LASER  ATOM  PROBE  ANALYSIS  OF  III-V 
COMPOUND  SEMICONDUCTOR  EPILAYERS,  Ross  A.D. 
Mackenzie .  J.  Alex  Liddle,  Chris  R.M. 
Grovenor  and  Alfred  Cerezo,  Oxford  Univer¬ 
sity,  Department  of  Metallurgy  and  Science 
of  Materials,  Oxford,  United  Kingdom. 

SESSION  P8 : _ (CONT.)  III-V  fB) 

Chairs:  A.  C.  Gossard  and  C.  Fonstead 

Thursday  Afternoon,  November  30 
Salon  C/D  (M) 

1:30  D8.ll 

THE  INTERACTION  OF  TRIMETHYLG ALLIUM  WITH 
CLEAN  AND  ADSORBATE  COVERED  SI (100)  SUB¬ 
STRATES,  T.R.  Gow,  R.  Lin,  L.A.  Cadwell,  F. 
Lee,  R.  I .  Masel.  University  of  Illinois, 
Urbana,  IL. 

1:45  D8.12 

THERMAL  DISORDERING  OF  MODULATION-DOPED 
AlAs/GaAs  SUPERLATTICE,  Kunihiko  Hara, 
Hiroshi  Ito.  Shinya  Ohmi  and  Takamasa 
Suzuki,  Nippondenso  Company,  Ltd.,  Aichi- 
Ken,  Japan. 


120 


SESSION  P9; _ SMALL  ANGLE  X-RAY 

CHARACTERIZATION  AND  AMORPHOUS  LAYERS 
Chairs:  P.  Persans  and  J.  Kakalios 

Thursday  Afternoon,  November  30 
Salon  C/D  (M) 

2:00  *D9 . 1 

STRUCTURAL  STABILITY  OF  AMORPHOUS  SEMICON¬ 
DUCTOR  SUPERLATTICES,  Peter  D.  Persans. 
Rensselaer  Polytechnic  Institute,  Physics 
Department,  Troy,  NY;  A.F.  Ruppert,  B. 
Abeles,  Exxon  Research  and  Engineering 
Company,  Annandale,  NJ;  Y.-J.  Wu  and  V. 
Pantojas,  Rensselaer  Polytechnic  Institute, 
Physics  Department,  Troy,  NY. 

2:30  D9.2 

A  SYSTEMATIC  METHOD  FOR  EXTRACTING  STRUC¬ 
TURAL  PARAMETERS  FROM  LOW  ANGLE  X-RAY  RE¬ 
FLECTIVITY  MEASUREMENTS  ON  MULTILAYERS,  L.M. 
Goldman .  Harvard  University,  Division  of 
Applied  Sciences,  Cambridge,  MA;  H.A. 
Atwater,  California  Institute  of  Technology, 
Thomas  J.  Watson  Laboratory  of  Applied 
Physics,  Pasadena,  CA;  and  F.  Spaepen, 
Harvard  University,  Division  of  Applied 
Sciences,  Cambridge,  MA. 

2:45  D9.3 

DETERMINATION  OF  3-DIMENSIONAL  DEFECT  STRUC¬ 
TURES  IN  GALLIUM  ARSENIDE  EPILAYERS  ON 
SILICON  USING  WHITE  BEAM  SYNCHROTRON  RADIA¬ 
TION  TOPOGRAPHY  IN  BOTH  TRANSMISSION  GEOME¬ 
TRY  AND  GRAZING  BRAGG-LAUE  GEOMETRY,  JL. 
Dudley.  J.  Wu,  G.-D.  Yao,  State  University 
of  New  York,  Stony  Brook,  Department  of 
Materials  Science  and  Engineering,  Stony 
Brook,  NY;  H.-Y.  Liu  and  Y.C.  Kao,  Texas  In¬ 
struments,  Materials  Science  Laboratory, 
Dallas,  TX. 

3:00  D9.4 

CHARACTERIZATION  OF  METAL/SEMICONDUCTOR 
MULTILAYERS  BY  RAMAN  SPECTROSCOPY  AND  X-RAY 
DIFFRACTION,  David  D.  Allred  and  Qi  Wang, 
Brigham  Young  University,  Department  of 
Physics  and  Astronomy,  Provo,  UT. 

3:15  BREAK 

3:45  D9.5 

(ABSTRACT  WITHDRAWN) 

4:00  D9.6 

STRUCTURAL  STABILITY  OF  HEAT  TREATED  W/B4C 
MULTILAYERS,  A.F.  Jankowski.  Lawrence  Liver¬ 
more  National  Laboratory,  Chemistry  and 
Materials  Science  Department,  Livermore,  CA. 

4:15  D9.7 

MULTILAYERED  METALLIC  THIN  FILMS  PREPARED  BY 
DUAL-BATH  ELECTRODEPOSITION,  C.A.  Ross.  L.M. 
Goldman  and  F.  Spaepen,  Harvard  University, 
Division  of  Applied  Sciences,  Cambridge,  MA. 


4:30  *D9 . 8 

METASTABLE  ELECTRONIC  EFFECTS  IN  AMORPHOUS 
SUPERLATTICES,  J.  Kakalios.  University  of 
Minnesota,  School  of  Physics  and  Astronomy, 
Physics  Department,  Minneapolis,  MN. 

SESSION  DIP:  POSTER  SESSION 
Chairs:  F.  Poliak  and  B.  w.  Dodson 
Thursday  Evening,  November  30 
7:00  p.m.  -  10:00  p.m. 

America  Ballroom  (W) 

D10.1  SILICIDE  FORMATION  AND  THERMAL 
STABILITY  OF  Ni/Si/GaAs  INTERFACES,  Y. 
Yamamoto,  K.  Ishibashi,  Hosei  University, 
Research  Center  of  Ion  Beam  Technology, 
Tokyo,  Japan;  S.  Suzuki.  Advanced  Materials 
Laboratory,  Inc.,  Saitama,  Japan;  T.E.  Shim, 
Samsung  Electronics,  R&D  Center,  Semiconduc¬ 
tor  Business,  Seoul,  Korea;  and  Waseda  Uni¬ 
versity,  Tokyo,  Japan. 

DIO. 2  EPITAXIAL  GROWTH  OF  METALLIC 

LAYERS  BY  SOLID  PHASE  INTERDIFFUSION:  STUDY 
OF  THE  Ni/GaAs  AND  Ni/AlAs  SYSTEMS,  R*. 
Guferin .  and  S.  Deputier,  Campus  de  Beaulieu, 
Laboratoire  de  Chimie  Minferale  B,  Rennes, 
France;  J.  Caulet,  M.  Minier,  A.  Poudoulec, 
Y.  Ballini,  V.  Durel,  G.  Dupas,  A. 
Guivarc'h,  Centre  National  d'Etudes  des 
Telecommunications,  LAB/OCM/MPA,  Lannion, 
France . 

DIO.  3  LATTICE  DISTORTION  OF  SINGLE-CRYS¬ 
TAL  CoSi2  COLUMNS  EMBEDDED  IN  SINGLE-CRYSTAL 
SILICON,  Shin  Hashimoto .  Q.F.  Xiao,  W.M. 
Gibson,  State  University  of  New  York  at 
Albany,  Physics  Department,  Albany,  NY;  C.w. 
Nieh,  California  Institute  of  Technology, 
Materials  Science  Department,  Pasadena,  CA; 
and  R.W.  Fathauer,  California  Institute  of 
Technology,  Jet  Propulsion  Laboratory, 
Pasadena,  CA. 

DIP.  4  STABILITY  OF  THE  ELECTRICAL  PROPER¬ 
TIES  OF  PT-GA  INTERM ETALLICS  ON  ANNEALING 
CONDITIONS,  Larry  P.  Sadwick.  University  of 
Utah,  Department  of  Electrical  Engineering, 
Salt  Lake  City,  UT;  and  Young  K.  Kim,  Delroy 
Baugh,  and  R.  Stanley  Williams,  UCLA, 
Department  of  Chemistry  and  Biochemistry, 
Los  Angeles,  CA. 

DIP. 5  CHARACTERIZATION  OF  ErAs/GaAs  AND 
GaAs/ErAs/GaAs  STRUCTURES,  Jane  G.  Zhu. 
Cornell  University,  Department  of  Materials 
Science  and  Engineering,  Ithaca,  NY;  Chris 
J.  Palmstr0m,  Suzanne  Mounier,  Bellcore,  Red 
Bank,  NJ;  and  C.  Barry  Carter,  Cornell 
University,  Department  of  Materials  Science 
and  Engineering,  Ithaca,  NY. 


121 


DIO. 6  SILICON  CONSUMPTION  DURING  SELF- 
ALIGNED  TITANIUM  SILICIDE  FORMATION  ON 
SHALLOW  JUNCTION,  P.L.  Smith,  Microelec¬ 
tronics  Center  of  North  Carolina,  Research 
Triangle  Park,  NC;  and  C.M.  Osburn,  North 
Carolina  State  University,  Department  of 
Electrical  and  Computer  Engineering, 
Raleigh,  NC,  and  Microelectronics  Center  of 
North  Carolina,  Research  Triangle  Park,  NC. 

DIO. 7  PREFERENTIAL  GROWTH  OF  CoSi2  IN 
Co/Si  SOLID  STATE  INTERACTION,  Liu  Ping, 
Hong  Feng .  Li  Bingzong,  Fudan  University, 
Department  of  Electronic  Engineering,  Shan¬ 
ghai,  China;  and  Shen  xiaoliang,  Fudan 
University,  Center  of  Analyses  and  Measure¬ 
ments,  Shanghai,  China. 

DIO.  8  EPITAXIAL  GROWTH  OF  IrSi3  ON 
Si (111),  T.L.  Lin.  California  Institute  of 
Technology,  Jet  Propulsion  Laboratory, 
Pasadena,  CA;  C.W.  Nieh,  California  Insti¬ 
tute  of  Technology,  Keck  Laboratory  of 
Engineering,  Pasadena,  CA;  Shin  Hashimoto 
and  Q.F.  Xiao,  State  University  of  New  York 
at  Albany,  Physics  Department  and  Institute 
for  Particle-Solid  Interaction,  Albany,  NY. 

DIO. 9  BORON  /3X  /3  INTERFACE  STRUCTURE  ON 
Si ( 111  )  :  TWO-DIMENSIONAL  ORDERED  DOPING 
LAYER,  R.L.  Headrick.  L.C.  Feldman,  I.K. 
Robinson,  E.  Vlieg,  A.F.J.  Levi,  H.S. 
Luftman  and  J.  Kovalchick,  AT&T  Bell  Labora¬ 
tories,  Murray  Hill,  NJ. 

DIO. 10  EPITAXIAL  GROWTH  OF  (001)  Cr  ON 
(001)  LiF,  J .  Mattson .  Northwestern  Univer¬ 
sity,  Department  of  Physics,  Evanston,  IL 
and  MSD  Argonne  National  Labiratory,  Ar- 
gonne,  IL;  B.  Brodsky,  MSD  Argonne  National 
Laboratory,  Argonne,  IL;  and  J.B.  Ketterson, 
Northwestern  University,  Department  of 
Physics,  Evanston,  IL. 

DIO.  11  THE  GERMANIUM  GROWTH  MECHANISM  ON 
(1102)  SAPPHIRE  DEPOSITED  BY  MOLECULAR  BEAM 
EPITAXY,  David  J.  Godbey.  Mark  E.  Twigg, 
Geoff  P.  Malafsky,  and  Syed  B.  Qadri,  Naval 
Research  Laboratory,  Washington,  DC. 

DIP.  12  RAPID  HETEROEPITAXIAL  GROWTH  OF  Ge 
FILMS  BY  PULSED  SUPERSONIC  FREE  JET  CHEMICAL 
BEAM  EPITAXY,  Diula  Eres .  D.H.  Lowndes,  J.Z. 
Tischler,  T.E.  Haynes  and  M.F.  Chisholm,  Oak 
Ridge  National  Laboratory,  Solid  State 
Division,  Oak  Ridge,  TN. 


DIP. 13  SOLID  PHASE  EPITAXIAL  GROWTH  OF  II- 
A  FLUORIDES  ON  InP  BY  IN-SITU  RAPID  ISOTHER¬ 
MAL  PROCESSING,  R.  Singh.  F.  Radpour,  A. 
Kumar,  R.P.S.  Thakur,  University  of  Ok¬ 
lahoma,  Department  of  Electrical  Engineering 
and  Computer  Science,  Norman,  OK;  J. 
Narayan,  and  A.R.  Srivatsa,  North  Carolina 
State  University,  Department  of  Materials 
Science,  Raleigh,  NC;  A.J.  Nelson  and  H.S. 
Ullal,  Solar  Energy  Research  Institute, 
Golden,  CO. 

DIP. 14  STRAIN-CONTROLED  HIGH  MOBILITY  IN 
MODULATION  DOPED  SiQ  5Ge0  #  5/Ge/Sii  _XGX 
HETERO-STRUCTURES,  M.  Miyao.  E-.  Murakami,  H. 
Etoh  and  K.  Nakagawa,  Hitachi  Ltd.,  Central 
Research  Laboratory,  Tokyo,  Japan. 

DIO.  15  STRUCTURAL  CHARACTERIZATIONS  OF 
SYMMETRICALLY  STRAINED  Ge^Sij,  SUPERLATTICES, 
R.C.  Bowman  Jr.,  and  P.M.  Adams,  The  Aero¬ 
space  Corporation,  Los  Angeles,  CA;  C.C. 
Ahn,  California  Institute  of  Technology, 
Keck  Laboratory,  Pasadena,  CA;  S.J.  Chang, 
V.  Arbet  and  K.L.  Wang,  University  of  Cali¬ 
fornia,  Electrical  Engineering  Department, 
Los  Angeles,  CA. 

DIP.  16  PLASTIC  FLOW  IN  Si/Ge  QUANTUM  WELL 
STRUCTURES,  Mark  E.  Twigg.  GEO-Centers , 
Inc.,  Fort  Washington,  MD;  and  D.J.  Godbey, 
Naval  Research  Laboratory,  Washington,  DC. 

DIO.  17  THERMAL  STABILITY  OF  Si/Si 0  85* 
Ge0  15/Si  MODULATION  DOPED  DOUBLE  HETERO¬ 
STRUCTURES,  P.J.  Wang.  B.S.  Meyerson,  P.M. 
Fahey,  F.  LeGoues,  C.J.  Scilla  and  J.M. 
Cotte,  IBM  T.J.  Watson  Research  Center, 
Yorktown  Heights ,  NY . 

DIP.  18  EPITAXY  OF  SimGen  ATOMIC  LAYER 

superlattices,  _ Barlbeau ,  d.j. 

Lockwood,  M.W.C.  Dharma-wardana ,  D.C. 
Houghton  and  N.L.  Rowell,  National  Research 
Council  Canada,  Division  of  Physics,  Ottawa, 
Canada. 

DIO . 19  MAGNETIC  AFTEREFFECT  IN  COMPOSI¬ 
TION  ALLY  -MODULATED  Ni/Cu  MULTILAYERS  PRE¬ 
PARED  BY  ELECTRODEPOSTION  AND  BY  SPUTTERING, 
L.H.  Bennett.  L.J.  Swartzendruber ,  National 
Institute  of  standards  and  Technology, 
Gaithersburg,  MD;  and  W.  Abdul-Razzaq,  West 
Virginia  University,  Morgantown,  WV. 

DIP ■ 20  THE  KINETICS  OF  S^^Gex/Si  RELAXA¬ 
TION  USING  LARGE  AREA  DISLOCATION  IMAGING 
TECHNIQUES,  D.C.  Houghton .  P.  Timbrell  and 
J.-M.  Baribeau,  National  Research  Council  of 
Canada ,  Ottawa ,  Canada . 

DIP.  21  STRUCTURAL  PROPERTIES  AND  THERMAL 
EVOLUTION  OF  Fe/Ti  MULTILAYERS,  B.  Rodmacq, 
J.  Hillairet,  J.  Laugier,  and  A .  Chamberod . 
CEN-Grenoble,  DRF/SPH/MP,  Grenoble,  France. 
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DIO. 22  Ge  TRANSPORT  AND  EPITAXY  IN  THE 
AMORPHOUS-Ge/Pd2Si/[ 111 ]  Si  SYSTEM,  0.2. 
Hong .  J.G.  Zhu,  and  J.W.  Mayer,  Cornell 
University,  Department  of  Materials  Science 
and  Engineering,  Ithaca,  NY. 

DIO. 23  MODEL  FOR  EPITAXIAL  GROWTH  OF  CO  ON 
CU(IOO),  D.D.  Vvedensky,  and  S.  Clarke, 
Imperial  College,  The  Blackett  Laboratory 
and  Semiconductor  Materials  IRC,  London, 
United  Kingdom. 

DIO. 24  MAGNETIC  PROPERTIES  OF  TbFeCo/Al 
MULTILAYER  THIN  FILMS,  B.D.  Yan,  J.A. 
Barnard .  M.H.  Kim,  and  G.W.  Warren,  The 
University  of  Alabama,  Department  of  Metal¬ 
lurgical  and  Materials  Engineering,  Tus¬ 
caloosa,  AL. 

DIO. 25  DEPENDENCE  OF  Mo/Si  MULTILAYER 
MORPHOLOGY  ON  DEPOSITION  ANGLE,  Yuanda 
Chena .  Mary  Beth  Stearns  and  David  J.  Smith, 
Arizona  State  University,  Department  of 
Physics,  Tempe,  AZ. 

DIO. 26  EFFECT  OF  SUBSTRATE  MISORIENTATION 
ON  HETEROEPITAXY  WITH  LARGE  LATTICE  MIS¬ 
MATCH:  Ag/Si ( 111 ) ,  D.C.  McKenna.  K.-H.  Park, 
G.-C.  Wang,  Rensselaer  Polytechnic  In¬ 
stitute,  Physics  Department,  Troy,  NY;  and 
G.A.  Smith,  State  University  of  New  York, 
Albany,  Department  of  Physics,  Albany,  NY. 

DIO. 27  X-RAY  DIFFRACTION  STUDIES  OF  PSEU- 
DOMORPHIC  a-GexSn(1_Xj  ON  InSb(OOl),  VL_ 
Lowe .  E.  Fitzgerald,  P.  Freeland,  M.  Asom 
and  R.  MacHarrie  Jr.,  AT&T  Bell  Labora¬ 
tories,  Murray  Hill,  NJ. 

DIO. 28  THERMODYNAMIC  PHASE  STABILITY  ON 
GaAs  OF  INTERMETALLIC  THIN  FILMS  OF  CoGa 
WITH  A  LARGE  RANGE  OF  COMPOSITIONS,  Young  K. 
Kim.  Delroy  Baugh  and  R.  Stanley  Williams, 
UCLA,  Department  of  Chemistry  and  Biochemis- 
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STRAIN  FIELDS  DUE  TO  MICRON-SIZED  GRATINGS 
ON  Si (100)  AND  AI203  (1120)  SURFACES,  A. 
Peter  Jardine,  Michael  Dudley.  Gong-Da  Yao 
and  Lalita  A.  Balasubramanian ,  State  Univer¬ 
sity  of  New  York,  Stony  Brook,  Department  of 
Materials  Science  and  Engineering,  Stony 
Brook,  NY. 


DIO . 31  ANISOTROPIC  TRANSPORT  IN  In- 
GaAs/GaAs  HETEROSTRUCTURES  GROWN  BY  MOVPE, 
Pino  Sun.  D.  Morris,  C.  Lacelle,  and  A.P. 
Roth,  LMS,  NRC,  Ottawa,  Canada. 

DIO. 32  STRAINED  InGaAs/GaAs  QUANTUM  WELLS 
WITH  A  1.3  um  BANDEDGE  AT  ROOM  TEMPERATURE, 
P.  Melman.  B.  Elman,  C.  Jagannath,  Emil  S. 
Koteles,  A.  Silletti,  GTE  Laboratories, 
Inc.,  Waltham,  MA. 


DIO. 33  A  STABLE  n-CHANNEL  InP  METAL-IN¬ 
SULATOR  FIELD  EFFECT  TRANSISTOR  WITH  AN 
AMORPHOUS  Si  :H  GATE,  E.  Roditi ,  Foundation 
for  Research  and  Technology-Hellas ,  Herak- 
lio,  Greece;  A. A.  Iliadis,  University  of 
Maryland,  Electrical  Engineering  Department, 
College  Park,  MD;  and  A.  Christou.  Naval 
Research  Laboratory,  Washington,  DC. 


DIO. 34  LATTICE  MISMATCH  EFFECTS  IN  GaAsP/ 
GaAs  AND  GaAs/GaAsP/GaAs  HETEROSTRUCTURES, 
Y.w.  Choi.  C.R.  Wie,  State  University  of  New 
York  at  Buffalo,  Department  of  Electrical 
and  Computer  Engineering  and  Center  for 
Electronic  and  Electrooptic  Materials, 
Amherst,  NY;  and  S.M.  Vernon,  Spire  Corpora¬ 
tion,  Bedford,  MA. 


DIO .35  A  TEM  AND  RHEED  INVESTIGATION  OF 
THE  INITIAL  STAGES  OF  InSb  GROWTH  ON 
GaAs (001)  BY  MOLECULAR  BEAM  EPITAXY  (MBE) , 
X .  Zhann .  A.E.  Staton-Bevan ,  D.W.  Pashley, 
Imperial  College  of  Science,  Technology  and 
Medicine,  Department  of  Materials,  London, 
United  Kingdom;  S.D.  Parker,  R.L.  Williams 
and  R.  Droopad,  Imperial  College  of  Science, 
Technology  and  Medicine,  Department  of 
Physics,  London,  United  Kingdom. 

DIO . 36  HETEROEPITAXIAL  GROWTH  OF  InP  ON 
GaAs  WITH  INTERFACE  LAYER  GROWN  BY  FLOW¬ 
RATED  MODULATION  EPITAXY,  W.K.  Chen,  J.F. 
Chen,  J.C.  Chen,  H.M.  Kim,  L.  Anthony,  C.R. 
Wie,  and  P.L.  Liu.  State  University  of  New 
York  at  Buffalo,  Department  of  Electrical 
and  Computer  Engineering,  Amherst,  NY. 

DIP.  37  STRAIN  AND  LA'l  TICE -MISMATCH  IN 
(001)  AND  (111)  GalnAs/GaAs  STRAINED  LAYER 
SUPERLATTICES,  H.M.  Kim  and  C.R.  Wie,  State 
University  of  New  York  at  Buffalo,  Depart¬ 
ment  of  Electrical  and  Computer  Engineering, 
Amherst,  NY;  and  C.G.  Fonstad,  Massachusetts 
Institute  of  Technology,  Cambridge,  MA. 


DIP. 30  FORMATION  OF  BURIED  AND  SURFACE 
CoSi2  LAYERS  BY  ION  IMPLANTATION,  M.F.  Wu, 
Peking  University,  Technical  Physics  Depart¬ 
ment,  Beijing,  China;  A.  Vantomme,  G. 
Lanaouche .  IKS  University  of  Leuven,  Leuven, 
Belgium;  K.  Maex,  J.  Vanhellemont,  IMEC, 
Leuven,  Belgium;  J.  Vanacken,  H.  Vloeberghs 
and  Y.  Bruynseraede ,  VSM,  University  of 
Leuven,  Physics  Department,  Leuven,  Belgium. 


DIP. 38  RAPID  GROWTH  OF  THICK,  IC  QUALITY, 
GaAs  LAYERS  FROM  A  FLOWING  SOLUTION,  E.E. 
Crisman,  J.T.  Daly,  H.J.  Gerritsen,  C. 
Roberts,  and  D.  Schaafsma.  Brown  University 
Department  of  Physics,  Providence,  RI. 
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DIO. 39  METAL-ORGANIC  CHEMICAL  VAPOR  DEPO¬ 
SITION  OF  InP  BY  PULSING  PRECURSORS,  W.K. 
Chen .  J.C.  Chen,  L.  Anthony,  and  P.L.  Liu, 
State  University  of  New  York  at  Buffalo, 
Department  of  Electrical  and  Computer  En¬ 
gineering,  Amherst,  NY. 

DIO. 40  METALORGANIC  MAGNETRON  SPUTTER 
DEPOSITION  (MOMS)  OF  InxGa^xSb  ON 
(lOO)GaAs,  R.  Rousina.  J.P.  Noad,  and  J.B. 
Webb,  National  Research  Council  of  Canada, 
Laboratory  for  Microstructural  Sciences, 
Department  of  Physics,  Ottawa,  Canada. 

DIO. 41  CRITICAL  THICKNESS  OF  GaAs/InGaAs 
AND  AlGaAs/GaAsP  QUANTUM  WELLS  GROWN  BY  OR- 
GANOMETALLIC  CHEMICAL  VAPOR  DEPOSTION,  Dan 
Bertolet .  Jung-Kuei  Hsu,  and  Kei  May  Lau, 
University  of  Massachusetts,  Department  of 
E.C.E.,  Amherst,  MA?  and  Emil  S.  Koteles, 
GTE  Laboratories  Inc.,  Waltham,  MA. 

DIO. 42  OPTICAL  SPECTROSCOPY  OF  2D  ELEC¬ 
TRONS  CONFINED  AT  A  GaAs/AlGaAs  HETEROINTER¬ 
FACE  IN  A  TRANSVERSE  ELECTRIC  FIELD,  O.X. 
Zhao.  P.  Bergman,  B.  Monemar,  Linkbping 
University,  Department  of  Physics  and  Mea¬ 
surement  Technology,  Linkoping,  Sweden;  P.0. 
Holtz,  Linkoping  University,  Department  of 
Physics  and  Measurement  Technology,  Linkop¬ 
ing,  Sweden  and  University  of  California  at 
Santa  Barbara,  Department  of  Electrical  and 
Computer  Engineering,  Santa  B?  -,c.a,  CA;  C. 
Hallin,  Linkbping  University,  Department  of 
Physics  and  Measurement  Te  m oiogy,  Linkbp- 
ing,  Sweden;  M.  Sundaram,  J.L.  Merz  and  A.C. 
Gossard,  University  of  California,  Santa 
Barbara,  Department  of  Electrical  and  Com¬ 
puter  Engineering,  Santa  Barbara,  CA. 

DIO. 43  HOT-CARRIER  EFFECTS  ON  OPTICAL 
PROPERTIES  OF  GaAs/AlxGa-^xAs  QUANTUM  WELLS, 
WjJLft£llfin,  B.  Monemar,  P.O.  Holtz,  Linkbping 
University,  Department  of  Physics  and  Mea¬ 
surement  Technology,  Linkbping,  Sweden;  M. 
Sundaram,  J.L.  Merz  and  A.C.  Gossard, 
University  of  California,  Santa  Barbara, 
Department  of  Electrical  and  Computer  En¬ 
gineering,  Santa  Barbara,  CA. 

DIO. 44  APPLICATION  OF  AN  ULTRHIGH  RESOLU¬ 
TION  SPECTROMETER  TO  THE  ANALYSIS  OF  PHONONS 
AND  PHOTONS  IN  SOLIDS,  J.L.  Stehle .  and  P. 
Evrard,  SOPRA,  Bois-Colombes ,  France;  and 
L.C.  Hammond,  and  J.N.  Willis,  ARIES/QEI, 
Concord,  MA. 

DIO .45  EFFECT  OF  ANNEALING  ON  STRAINED 
IrGaAs/GaAs  QUANTUM  WELLS,  Emil  S.  Koteles. 
B.  Elman,  P.  Melman  and  C.A.  Armiento,  GTE 
Laboratories,  Inc.,  Waltham,  MA. 


DIO. 46  CHARACTERIZATION  OF  MODULATION 
DOPED  PSEUDOMORPHIC  AlGaAs/InGaAs/GaAs  HEMT 
STRUCTURES  BY  ELECTRON  BEAM  ELECTROREFLEC¬ 
TANCE  AND  PHOTOLUMINESCENCE,  M.H.  Herman, 
and  I.D.  Ward,  Charles  Evans  and  Associates, 
Redwood  City,  CA;  R.  Kopf,  and  S.J.  Pearton, 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ;  and 
E.D.  Jones,  Sandia  National  Laboratories, 
Albuquerque,  NM. 

DIO. 47  A  NEW  OXYGEN  PLASMA  SOURCE  FOR  "IN- 
SITU"  GROWTH  OF  YBaCuO  MOLECULAR  BEAM  EPI¬ 
TAXY  LAYERS,  M.  Touzeau,  D.  Pagnon,  Lab.  de 
Phys  des  Plasmas,  Parix  XI,  Orsay,  France; 
P.  Luzeau.  A.  Barski,  ISA  Riber,  Rueil- 
Malmaison,  France;  A.  Schuhl,  R.  Cabanel,  S. 
Koch,  J.P.  Hirtz  and  G.  Creuset,  Thomson 
CSF ,  Orsay,  France. 

DIO.  48  GROWTH  AND  CHARACTERIZATION  OF  Ct- 
GexSn^x  HETEROEPITAXIAL  ALLOYS  ON  (001) 
inSb,  E.A.  Fitzgerald.  P.E.  Freeland,  M.T. 
Asom,  W.  Lowe,  R.  MacHarrie  Jr.,  A.R. 
Kortan,  F.A.  Thiel,  L.  Cooper,  G. A.  Thomas, 
K.A.  Jackson,  B.E.  Weir  and  L.C.  Kimerling, 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ. 

DIO. 49  ELECTRODEPOSITED  CERAMIC  SUPERLAT¬ 
TICES,  Jav  A.  Switzer.  Michael  J.  Shane  and 
Richard  J.  Phillips,  University  of  Pitts¬ 
burgh,  Department  of  Materials  Science  and 
Engineering,  Pittsburgh,  PA. 

DIO. 50  THERMAL  STRAIN  AND  PHOTOLUMINES¬ 
CENCE  STUDY  OF  ALMOST  LATTICE-MATCHED 
INuGa1_uAs1_vPv  EPITAXIAL  FILMS  GROWN  ON  InP 
SUBSTRATE,  G.  Bai ,  M-A.  Nicolet,  T.  Vreeland 
Jr.,  California  Institute  of  Technology, 
Pasadena,  CA;  S.-J.  Kim,  R.G.  Sobers,  J.W. 
Lee,  M.  Brelvi,  P.M.  Thomas  and  D.P.  Wilt, 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ. 

SESSION  Dll;  OPTICAL  CHARACTERIZATION  OF 
STRAINED  LAYERS .  -QUANTUM  WELLS  AND 
SUPERLATTICES 

Chairs:  D.  J.  Glembocki  and  E.  Koteles 

Friday  Morning,  December  1 
Salon  C/D  (M) 

8:30  *D3.1 , 1 

STRAIN  AND  STRUCTURALLY  INDUCED  OPTICAL 
TRANSITIONS  IN  EPITAXIAL  SEMICONDUCTORS, 
Thomas  P.  Pearsall.  AT&T  Bell  Laboratories, 
Murray  Hill,  NJ. 

9:00  Dll. 2 

STRAIN-INDUCED  PHOTOLUMINESCENCE  IN  Si/Ge 
SUPERLATTICES ,  G.F.A.  van  de  Walle.  E.A. 
Montie,  D.J.  Gravesteijn,  and  A. A.  van 
Gorkum,  Philips  Research  Laboratories, 
Eindhoven,  The  Netherlands. 
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9:15  Dil.2 

PHOTOLUMINESCENCE  EXCITATION  SPECTROSCOPY  OF 
STRAINED  InGaAs/GaAs  QUANTUM  WELLS,  Emil  S. 
Koteles .  B.  Owens,  B.  Elman,  P.  Melman,  GTE 
Laboratories,  Inc.,  Waltham,  MA;  D.  Bertolet 
and  Kei  May  Lau,  University  of  Massachu¬ 
setts,  Compound  Semiconductor  Laboratory, 
Department  of  Electrical  and  Computer  En¬ 
gineering,  Amherst,  MA. 

9:30  PULA 

CHARACTERIZATION  OF  INGAAS/GAAS  STRAINED  SL 
BY  X-RAY  DOUBLE  CYRSTAL  DIFFRACTION  AND 
MODULATE  PHOTOREFLECTION  SPECTRA,  L.S.  Xiu, 
University  of  Science  and  Technology  of 
China,  Center  for  Fundamental  Physics, 
Hefei,  China;  Y.T.  Wang,  Institute  of  Semi¬ 
conductors,  Chinese  Academy  of  Science, 
Beijing,  China;  Z.Q.  Wu,  University  of 
Science  and  Technology  of  China,  Center  for 
Fundamental  Physics,  Hefei,  China;  W.H. 
Zhuana .  Institute  of  Semiconductors,  Chinese 
Academy  of  Science,  Beijing,  China. 

9:45  Dll. 5 

OPTICAL  CHARACTERIZATION  OF  GaAsP  STRAINED 
LAYERS  GROWN  ON  ( 111 ) -ORIENTED  GaP,  Mats- 
Er i k  Pistol .  Maria  Gerling,  Anders 
Gustafsson,  Gert  Paulsson,  Lars  Samuelson, 
and  Heinz  Titze,  University  of  Lund,  Depart¬ 
ment  of  Solid  State  Physics,  Lund,  Sweden. 

10:00  BREAK 

10:30  PU-6 

HIGH  PRESSURE  OPTICAL  STUDIES  OF  GaSb-AlSb 
MULTIPLE  QUANTUM  WELLS,  Benjamin  Rockwell, 
H.R.  Chandrasekhar,  Meera  Chandrasekhar . 
University  of  Missouri,  Columbia,  Department 
of  Physics,  Columbia,  MO;  Fred  H.  Poliak,  H. 
Shen,  Brooklyn  College  of  CUNY,  Physics 
Department,  Brooklyn,  NY;  L.L.  Chang,  W.I. 
Wang  and  L.  Esaki,  IBM  T.J.  Watson  Research 
Center,  Yorktown  Heights,  NY. 

10:45  DUUZ 

CHARACTERIZATION  OF  UNDOPED  PSEUDOMORPHIC 
InGaAs/GaAs  QUANTUM  WELLS  BY  ELECTRON  BEAM 
ELECTROREFLECTANCE  (EBER)  AND  PHOTOLUMI¬ 
NESCENCE  (PL),  M.H.  Herman,  and  I.D.  Ward, 
Charles  Evans  and  Associates,  Redwood  City, 
CA;  and  A.  Dodabalapur,  and  B.G.  Streetman, 
The  University  of  Texas,  Austin,  TX. 

11:00  Dll. 8 

RAMAN  CHARACTERIZATION  OF  InSb/GaAs  GROWN  BY 
METALORGANIC  MAGNETRON  SPUTTERING,  Z.C.  Fend 
and  S.  Perkowitz,  Emory  University,  Physics 
Department,  Atlanta,  GA;  T.S.  Rao  and  J.B. 
Webb,  National  Research  Council,  Laboratory 
for  Microstructural  Science,  Ottawa,  Canada. 


11:15  Dll. 9 

ELECTRIC  FIELD  EFFECTS  ON  THE  OPTICAL  PROP¬ 
ERTIES  OF  InGaAs/GaAs  STRAINED  QUANTUM  WELLS 
AND  SUPERLATTICES,  K.Gibb.  C.  Lacelle,  and 
A . P .  Roth,  LMS,  NRC,  Ottawa,  Canada;  B. 
Soucail,  N.  Dupuis,  and  P.  Voisin,  GPS,  ENS, 
Paris,  France;  and  B.Y.  Hua,  and  E.  Fortin, 
University  of  Ottawa,  Ottawa,  Canada. 

11:30  PU_..1Q 

RAMAN  STUDY  OF  MOMBE  AND  PLASMA-MOVPE  GROWN 
III-V  LAYERS  ON  Si(100),  J .  Geurts .  J. 
Finders,  RWTH  Aachen,  I.  Phys.  Institut, 
Aachen,  West  Germany;  H.  Miinder,  M.  Kamp,  M. 
Oehlers,  H.  Liith,  KFA  Jiilich,  ISI,  Jiilich, 
West  Germany;  J.  Musolf,  J.  Leiber,  A. 
Brauers,  M.  Weyers,  P.  Balk,  RWTH  Aachen, 
Inst,  of  Semiconductor  Electronics,  Inst. 
HL-Technik,  Aachen,  West  Germany. 

11:45  Dll. 11 

MBE  GROWN  GaAs  ON  Si  (100)  STUDIED  BY  IN¬ 
FRARED  SPECTROSCOPY,  Thomas  Eickhoff, 
I. Physics  Institut,  RWTH  Aachen,  Aachen, 
West  Germany;  Dietrich  R.T.  Zahn,  and 
Wolfgang  Richter. .  TU  Berlin,  Institut 
Festkdrperphysik,  Berlin,  West  Germany; 
David  A.  Woolf,  David  I.  Westwood,  and  Robin 
H.  Williams,  University  of  Wales  College  of 
Cardiff,  Physics  Department,  Cardiff,  United 
Kingdom. 

SESSION  D12 :  OPTICAL  CHARACTERIZATION  OF 
EPITAXIAL  LAYERS 

Chairs:  M.  Chandrasekhar  and  F.  Poliak 

Friday  Afternoon,  December  1 
Salon  C/D  (M) 

1:30  D12.1 

RAMAN  SCATTERING  FROM  AN  INTERFACIAL  THIN 
LAYER  OF  GaAs  HETEROEPITAXIALLY  GROWN  ON 
SILICON  SUBSTRATE,  Yoshiro  Akagi .  Mariko 
Ishino,  Yoshiharu  Nakajima,  Sharp  Corpora¬ 
tion,  Corporate  R&D  Group,  Nara,  Japan. 

1:45  Pl.2^2 

STRESS  EVALUATION  METHOD  USING  RAMAN  SPEC¬ 
TROSCOPY,  Yohko  Mashimoto,  IBM  Japan,  Ltd., 
Shiga,  Japan. 

2:00 

ELECTRICAL  AND  OPTICAL  CHARACTERIZATION  OF 
InSb  GROWN  ON  GaAs  BY  MBE,  Phillip  E. 
Thompson .  James  Waterman,  D.  Kurt  Gaskill, 
Robert  Stahlbush,  and  John  Davis,  Naval 
Research  Laboratory,  Washington,  DC. 
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2:15  D12.4 

INDEX  OF  REFRACTION  ANISOTROPY  IN  MISMATCHED 
InGaAs/InP  HETEROSTRUCTURES  MEASURED  BY 
ELLIPSOMETRY ,  Brian  R.  Bennett.  Massa¬ 
chusetts  Institute  of  Technology,  Department 
of  Materials  Science  and  Engineering, 
Cambridge,  MA;  and  Jesus  A.  del  Alamo, 
Massachusetts  Institute  of  Technology, 
Department  of  Electrical  Engineering  and 
Computer  Science,  Cambridge,  MA. 

2:30  BREAK 

2:45  *DI2»5 

MODULATION  SPECTROSCOPY  OF  LAYERED  STRUC¬ 
TURES,  Orest  j.  Glembocki,  Naval  Research 
Laboratory,  Washington,  DC. 

3:15  1212*6 

CHARACTERIZATION  OF  AN  ASYMMETRIC  TRIANGULAR 
MULTIPLE  QUANTUM  WELL,  BY  VARIABLE  ANGLE 
SPECTROSCOPIC  ELLIPSOMETRY,  Craig  M. 
Herzinger ,  Paul  G.  Snyder  and  John  A. 
Woollam,  University  of  Nebraska,  Department 
of  Electrical  Engineering,  Lincoln,  NE. 

3:30  212.7 

PHOTOREFLECTANCE  OF  A  GaAs/InGaP ( ORDERED ) 
SINGLE  QUANTUM  WELL  GROWN  BY  ATOMIC  LAYER 
EPITAXY,  X.  Yin,  and  F.H.  Poliak.  Brooklyn 
College  of  CUNY,  Department  of  Physics, 
Brooklyn,  NY;  and  B.T.  McDermott,  K.G.  Reid, 
and  S.M.  Bedair,  North  Carolina  State  Uni¬ 
versity,  Raleigh,  NC. 

3:45  B12*fi 

MAGNETO-OPTICAL  STUDIES  OF  2-D  ELECTRONS  IN 
GaAsAlGaAs  SINGLE  HETERO JUNCTIONS ,  K-S.  Lee. 
C.H.  Perry,  Northeastern  University,  Physics 
Department,  Boston,  MA;  and  J.M.  Worlock, 
Bellcore,  Red  Bank,  NJ. 

4:00  012*1 

MAGNETO-OPTICAL  STUDIES  OF  GaAs-AlGaAs 
MODULATION  DOPED  QUANTUM  WELLS  UNDER  HYDRO¬ 
STATIC  PRESSURE,  W,  Zhou.  C.H.  Perry, 
Northeastern  University,  Boston,  MA;  and 
J.M.  Worlock,  Bellcore,  Red  Bank,  NJ. 

4:15  D12.10 

SPATIALLY  INDIRECT  OPTICAL  TRANSITIONS  IN 
SEMICONDUCTOR  QUANTUM  WIRES,  Joseph  S. 
WsiQfiX,  G .  Danan,  A.  Pinczuk,  J.  Valladares, 
L.N.  Pfeiffer,  K.  West,  AT&T  Bell  Labora¬ 
tories,  Murray  Hill,  NJ. 


SESSION  D12:  OPTICAL  CHARACTERIZATION  OF 
EPITAXIAL  LAYERS 

Chairs:  M.  Chandrasekhar  and  F.  Poliak 
Friday  Afternoon,  December  1 
Salon  C/D  f M) 

1:30  P12.1 

RAMAN  SCATTERING  FROM  AN  INTERFACIAL  THIN 
LAYER  OF  GaAs  HETEROEPITAXIALLY  GROWN  ON 
SILICON  SUBSTRATE,  Yoshiro  Akaai .  Mariko 

Ishino,  Yoshiharu  Nakajima,  Sharp  Corpora¬ 

tion,  Corporate  R&D  Group,  Nara,  Japan. 

1:45  D12. 2 

STRESS  EVALUATION  METHOD  USING  RAMAN  SPEC¬ 
TROSCOPY,  Yohko  Mashimoto .  IBM  Japan,  Ltd., 
Shiga,  Japan. 

2:00  E12*2 

ELECTRICAL  AND  OPTICAL  CHARACTERIZATION  OF 
InSb  GROWN  ON  GaAs  BY  MBE ,  Phillip  F. 
Thompson .  James  Waterman,  D.  Kurt  Gaskill, 
Robert  Stahlbush,  and  John  Davis,  Naval 
Research  Laboratory,  Washington,  DC. 

2:15  D12.4 

INDEX  OF  REFRACTION  ANISOTROPY  IN  MISMATCHED 
InGaAs/InP  HETEROSTRUCTURES  MEASURED  BY 
ELLIPSOMETRY,  Brian  R.  Bennett.  Massa¬ 
chusetts  Institute  of  Technology,  Department 
of  Materials  Science  and  Engineering, 
Cambridge,  MA;  and  Jesus  A.  del  Alamo, 
Massachusetts  Institute  of  Technology, 
Department  of  Electrical  Engineering  and 
Computer  Science,  Cambridge,  MA. 

2:30  BREAK 

2:45  «P12..5 

MODULATION  SPECTROSCOPY  OF  LAYERED  STRUC¬ 
TURES,  Orest  J,  Glembocki.  Naval  Research 
Laboratory,  Washington,  DC. 

3:15  212*6 

CHARACTERIZATION  OF  AN  ASYMMETRIC  TRIANGULAR 
MULTIPLE  QUANTUM  WELL,  BY  VARIABLE  ANGLE 

SPECTROSCOPIC  ELLIPSOMETRY,  Craio _ JL 

Her zinaer.  Paul  G.  Snyder  and  John  A. 
Woollam,  University  of  Nebraska,  Department 
of  Electrical  Engineering,  Lincoln,  NE. 

3:30  012*2 

PHOTOREFLECTANCE  OF  A  GaAs/InGaP ( ORDERED ) 
SINGLE  QUANTUM  WELL  GROWN  BY  ATOMIC  LAYER 
EPITAXY,  X.  Yin,  and  F.H.  Poliak.  Brooklyn 
College  of  CUNY,  Department  of  Physics, 
Brooklyn,  NY;  and  B.T.  McDermott,  K.G.  Reid, 
and  S.M.  Bedair,  North  Carolina  State  Uni¬ 
versity,  Raleigh,  NC. 

3:45  D12.8 

MAGNETO-OPTICAL  STUDIES  OF  2-D  ELECTRONS  IN 
GaAsAlGaAs  SINGLE  HETEROJUNCTIONS ,  K-S.  Lee. 
C.H.  Perry,  Northeastern  University,  Physics 
Department,  Boston,  MA;  and  J.M.  Worlock, 
Bellcore,  Red  Bank,  NJ. 
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4:00  P12  t  9 

MAGNETO -OPT I CAL  STUDIES  OF  GaAs-AlGaAs 
MODULATION  DOPED  QUANTUM  WELLS  UNDER  HYDRO¬ 
STATIC  PRESSURE,  W.  Zhou.  C.H.  Perry, 
Northeastern  University,  Boston,  MA;  and 
j.M.  Worlock,  Bellcore,  Red  Bank,  NJ. 

4:15  D12.10 

SPATIALLY  INDIRECT  OPTICAL  TRANSITIONS  IN 
SEMICONDUCTOR  QUANTUM  WIRES,  Joseph  S. 
Weiner .  G.  Danan,  A.  Pinczuk,  J.  Valladares, 
L.N.  Pfeiffer,  K.  West,  AT&T  Bell  Labora¬ 
tories,  Murray  Hill,  NJ. 
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Dl.l 


J1 . 3 


STABILITY  OF  METAL  LAYERS  EMBEDDED  IN 
SEMICONDUCTORS.  J.P.  Harbison  ,  T.  Sands,  CJ.  Palmstr^m,  N. 
Tabatabaie,  H.L  Gilchrist,  LT.  Florez,  T.L  Cheeks,  R.E.  Nahory, 
W.K.  Chan,  and  V.G.  Keramidas,  Bellcore,  331  Newman  Springs  Rd., 
Red  Bank,  NJ  07701-7040. 

One  of  the  exciting  challenges  in  the  field  of  heteroepitaxy  is  the 
growth  of  two  dissimilar  materials  in  a  single  monocrystalline 
heterostructure.  Perhaps  the  most  interesting  combination  involves 
the  growth  of  buried  metal  layers  embedded  in  semiconductors,  since 
such  structures  have  the  potential  of  opening  up  new  classes  of 
electronic  and  optoelectronic  devices.  We  have  concentrated  on  the 
II1-V  (Al.Ga.In)  As  semiconductor  system  which  allows  a  wide  range 
of  possibilities  both  in  heterostructure  bandgap  engineering  and  in 
variation  of  the  lattice  parameter.  For  the  buried  metallic  layer  we 
have  concentrated  for  the  most  part  on  the  intermetallic  NiAl  which 
has  a  cubic  CsCl  crystal  structure  with  a  unit  cell  only  slightly  larger 
(2.\%)  than  half  that  of  GaAs  and  AlAs,  and  lattice-matched  to 
In^Ga-As.  Questions  of  stability  of  these  thin  metal  layers,  in 
particular  during  the  elevated  overgrowth  temperatures  of  400-600°C 
during  which  the  metal  is  in  intimate  contact  with  the  surrounding 
III-V,  fall  into  two  categories.  First  are  questions  of  thermodynamic 
stability  of  the  metal  with  respect  to  the  adjacent  semiconductor,  and 
this  concern  is  addressed  by  the  proper  initial  choice  of  the  metal. 
The  second  are  questions  of  morphological  stability:  Will  the  thin  film 
remain  smooth  and  continuous  or  tend  to  agglomerate?  The  answers 
to  these  questions  are  more  subtle,  and  depend  on  the  exact  sequences 
chosen  for  the  overgrowth  procedure.  With  a  proper  sequence,  we 
are  able  to  achieve  buried  NiAl  layers  electrically  continuous  as  thin  as 
1  urn,  opening  up  new  measurement  possibilities  for  metal  films  in  the 
extreme  quantum  regime. 


GROWTH  AND  CHARACTERIZATION.  OF  GaAs /RARE -EARTH 
MONOARSENIDE/GaAs  HETEROSTRUCTURES.  C  .  .7  .  Pa  Imsr  ram. 
S.  Mounier,  T.G.  Finstad,  N .  Tabatabaie,  S.J. 
Allen,  Jr.,  T.  Sands,  T.L.  Cheeks  and  P.F.  Miceli, 
Bellcore,  331  Newman  Springs  Road,  Red  Bank,  New 
Jersey  07701  and  J.G.  Zhu  and  C.B.  Carter, 
Department  of  Materials  Science  and  Engineering, 
Cornell  University,  Ithaca,  NY  14853 


The  rare-earth  monoarsenides  (REAs)  have  high  heats 
of  formation  and  melting  points.  Furthermore,  all 
but  one  have  NaCl  structures  with  a  lattice 
parameter  similar  to  that  of  GaAs,  making  them 
ideal  candidates  for  buried  epitaxial  metallic 
layers  in  III-V  semiconductors.  For  example,  ErAs 
and  LuAs  have  a  lattice  mismatch  to  GaAs  of  -1.6% 
and  -0.4%,  respectively.  The  effect  of  strain  on 
the  REAs  growth  itself  can  be  ascertained  by 
comparing  growth  of  ErAs  with  LuAs  on  GaAs  and  on 
the  subsequent  GaAs  overgrowth  by  characterizing 
the  overgrown  layers.  A  MBE  growth  chamber  with  a 
multiple  crucible  electron  beam  evaporation  source 
was  used  to  grow  the  GaAs/REAs/GaAs  structures.  The 
structural  properties  of  the  epitaxial  layers  were 
studied  by  RHEED  during  growth,  in-situ  Auger  and 
LEED,  and  ex-situ  by  RBS ,  X-ray  diffraction  and 
TEM.  RHEED  oscillations  during  REAs  growth  are 
consistent  with  single  layer  by  layer  growth.  RBS 
with  channeling  has  shown  that  both  LuAs  and  ErAs 
films  grown  on  GaAs  are  good  single  crystals  with 
minimum  yields  as  low  as  -7%.  Cross  sectional  TEM 
studies  show  the  interfaces  to  be  atomically 
abrupt .  ErAs  and  LuAs  are  found  to  be  semi -metallic 
with  room  temperature  resistivity  -70  and  -90pll.cm, 
respectively.  Electrical  continuity  has  been  found 
in  buried  REAs  films  as  thin  as  3  monolayers.  This 
talk  will  emphasize  the  growth  and  characterization 
of  GaAs/REAs/GaAs  epitaxial  structures. 


D1.2 

ELECTRICAL  AND  OPTICAL  CHARACTERIZATION  OF  MBE 
GROWN  BURIED  METAL  (Al , Ga) As/NiAI/ (Al , Ga) As  DOUBLE 
SCHOTTKY  DIODES,  T.L.  Cheeks.  T.  Sands,  R.  Nahory, 
J.  Harbison,  N.  Tabatabaie,  H.  Gilchrist,  B. 
Wilkens,  Bellcore,  Red  Bank,  N.J. 

The  successful  growth  by  MBE  of  buried  metal 
heterostructures,  such  as  (Al ,Ga) As/NiAI/ (Al , Ga) As, 
demonstrated  that  thin  epitaxial  and  thermally 
stable  metallic  layers  could  be  incorporated  within 
GaAs.  These  new  material  structures  have  potential 
for  metal  base  transistors  and  novel  electronic  and 
photonic  devices.  We  have  demonstrated  that  these 
materials  behave  as  double  Schottky  barrier  diodes 
from  the  current-voltage  (I-V) ,  capacitance-voltage 
(C-V)  and  internal  photoemission  (IPE) 
characteristics  of  a  buried  200  A  NiAl  layer.  Using 
a  selective  etch  process,  three  electrodes  were 
defined  in  order  to  investigate  the  top  and  bottom 
diode  characteristics  of  NiAl/AlAs/GaAs.  An 
effective  barrier  height  of  about  1.1  eV  was 
measured  for  both  the  top  and  bottom  diodes  with 
internal  photoemission.  This  value  was  consistent 
with  the  I-V  measurements  (n-l.l  and  ^  »  0.982)  of 
the  bottom  diode  and  represented  an  enhancement  in 
the  barrier  height  due  to  the  AlAs  cladding  layer. 
However,  the  effective  barrier  height  of  the  top 
diode,  measured  by  I-V,  was  lower  than  the  bottom 
diode.  This  effect  was  investigated  using  RBS 
channeling,  photoluminescence  and  TEM.  The  data 
suggested  that  the  barrier  height  lowering  could  be 
attributed  to  planar  defects  which  form  at  the 
NiAl/AlAs/GaAs  interface  due  to  the  2  %  lattice 
mismatch  and  the  difference  in  symmetry.  Further 
insight  into  the  effect  of  defects  on  the  transport 
properties  at  the  interfaces  and  suggestions  for 
improvements  will  be  discussed. 


D1  .4 

EPITAXIAL  GROWTH  OF  MATCHED  METALLIC  ErP0  f,As0  k  LAYERS 
ON  GaAs  AND  ErP0_5Sb0.5  ON  InP  IN  A  MBE  SYSTEM. 

Oujvarc'h  A. ,  Le’ Corre  A.,  Caulet  J.,  Guenais  B..  Minier 
M.,  Ropars  G.  Centre  National  d'Etudes  des 
T616communi  cat  ions’,  BP  40,  22 301  Lannion  Cedex.  France. 

Abstract  : 

Very  recent  papers  have  reported  the  growth  of  YbAs  and 
ErAs  single-crystal  films  on  (001)  GaAs  and  the  metallic 
behavior  of  these  rare-earth  monoarsenides.  We  show  that 
several  (rare-earth)- (V  element)  compounds  can  be  used 
for  this  purpose.  We  carried  out  the  epitaxial  growths 
at  500°C  of  ErAs  (  f  =  60  yflcm),  ErP(  P  *  150  pClcm)  and 
ErSb  (  P  =60  pflcm )  on  GaAs  or  InP  in  a  MBE  system 
equipped  with  solid  and  gas  sources. 

Successfull  growth  of  ErPo.6As0.4  filos  (  V  =  80  pClcm)  on 
GaAs  with  a  reproducible  lattice  mismatch  less  than  5 
10"4  have  been  demonstrated.  The  ErPo.gAso.q/n-GaAr 
diode  yield  excellent  I-V  characteristics  with  a  barrier 
height  of  0.88  eV.  In  opposition  to  the  ErAs  layers,  the 
ErP0.6As0.4  fil®s  are  stable  in  the  atmosphere  ;  thus, 
they  are  excellent  candidates  for  epitaxial  metal- 
semiconductor  structures.  The  overgrowth  of  GaAs  is 
found  to  be  difficult  in  the  case  of  a  (001)  GaAs 
substrate  (island  growth)  but  rather  good  for  (111) 
GaAs . 

In  the  case  of  InP  substrates,  equivalent  structures 
were  obtained  by  using  a  ErPo^Sbo.^  ternary  compound. 

We  present  the  results  of  the  various  characterizations 
performed  by  using  a  set  of  complementary  methods  (RBS. 
TEM,  x-ray  diffraction,  R0  ,  I-V...). 
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Dl.  5 

ANISOTROPIC  STRAIN  IN  THIN  EPITAXIAL  CoSi2(110)  FILMS 
GROWN  ON  Si(110).  S.M.  Yalisove.  Department  of  Materials  Science 
and  Engineering,  University  of  Michigan,  2300  Hayward  St.,  Ann  Arbor 
MI  48109-2136,  D.3.  Eaglesham,  and  R.T.  Tung,  AT&T  Bell’ 
Laboratories,  600  Mountain  Ave.,  Murray  Hill,  NJ  07974-2070 


Growth  of  single  domain  epitaxial  CoSi2  films  on  Si(l  10)  has  been  recently 
demonstrated.  These  films  contain  two  distinct  sets  of  interfacial  defects 
which  are  generated  to  relieve  misfit  strain  at  two  different  critical 
thicknesses  and  in  orthogonal  directions,  the  <01 1>  and  <100>.  Films 
which  are  30  to  80A  thick  contain  only  one  of  these  sets  of  misfit  relieving 
defects.  Consequently,  uie  misfit  strain  is  relieved  in  only  one  direction  in 
the  film.  Rutherford  backscattering  (RBS)  rocking  curves  were  collected 
about  channeling  directions  in  two  orthogonal  planes  to  measure  the 
orthorhombic  distortion  caused  by  this  defect  structure  for  two  thicknesses 
of  these  films.  Films  were  studied  at  a  variety  of  different  thicknesses  to 
compare  the  RBS  results  with  transmission  electron  microscopy  (TEM) 
images  of  the  same  samples.  Results  will  be  presented  which  show  that  the 
80A  films  are  fully  relieved  in  the  <1 10>  direction  and  almost  fully  strained 
in  the  <100>  direction.  These  measurements  will  be  shown  to  be  entirely 
consistent  with  TEM  results. 


01.6 

GROWTH  OF  EPITAXIAL  CoSi,,  AND  NiSij  ON  (111),  (100),  and 

(110)  Si  AT  ROOM  TEMPERATURE.  R.  T.  Tung  and  F.  Schrey, 
AT&T  Bell  Laboratories,  Munay  Hill,  N.J.  07974 

The  formation  of  NiSi2  and  CoSi2  from  evaporated  metal  films  on  sin¬ 
gle  crystal  Si  requires  an  anneal  at  high  temperatures  (750°C  for  NiSi2 
and  55 0°C  for  CoSij).  A  high  temperature  is  required  because  the 
nucleation  and  diffusion  processes  need  large  thermal  activation.  In 
this  paper,  we  show  that  the  “reaction”  of  these  silicides  proceeds 
quite  adequately  at  room  temperature.  It  is  known  that  deposition  of  a 
few  monolayers  (ML)  of  Co  on  Si(lll)  leads  to  the  formation  of  epi¬ 
taxial  CoSi2  at  room  temperature.  Here,  following  the  metal  deposi¬ 
tion,  co-deposition  of  stoichiometric  CbSi2  at  room  temperature  leads 
to  the  growth  of  thick  layers  (>200A)  of  single  crystal  epitaxial  sili- 
cide.  High  quality  NiSij  may  also  be  grown  at  room  temperature  on 
Si(lll)  by  the  depostuon  of  ML  Ni  and  subsequent  NiSij  co¬ 
deposition.  This  observation  is  suggestive  of  NiSij  formation  at  room 
temperature  upon  ML  Ni  deposition,  a  subject  which  is  presently 
controversial.  On  Si(100)  and  (110),  nucleation  of  the  disilicide  phase 
does  not  occur  at  room  temperature.  However,  using  annealed  thin 
layers  (<  20A)  of  CoSij  and  NiSi2  as  templates,  it  is  shown  that 
homoepitaxial  growth  of  these  two  silicides  take  place  at  room  tem- 
peature  along  both  (100)  and  (110)  directions.  Very  high  crystalline 
quality  is  found  for  these  room  temperature  NiSi_  and  CoSij  layers. 
Ion  channeling  Xmin’s  of  2-3%  are  common.  TEM  analyses  show 

(111)  films  have  the  type  B  orientation  and  the  interface  dislocations 
to  correspond  faithfully  to  steps  on  original  surface.  Thick  (100)  and 
(110)  layers  grown  at  room  temperature  are  single  crystals  whose 
defect  structures  conform  to  the  original  thin  templates.  A  discussion 
of  the  silicide  reaction  is  also  given. 

Dl  .  7 

FORMATION  of  ultrathin  nickel  and  cobalt 

SILICIDES  ON  Si  (111)  J3X./3-B  AT  ROOM 
TEMPERATURE.  L.  Lup .  G.  A.  Smith*,  shin 
Hashimoto  and  W.  M.  Gibson,  Department  of 
Physics,  SUNY  at  Albany,  Albany,  NY 

The  Mev  ion  channeling  technique  is  sensitive 
to  the  small  displacement  perpendicular  to  the 
direction  of  incident  ion  beam  and,  therefore, 
is  an  excellent  and  straightforward  probe  of 
structure  quality  of  thin  films  and  buried 
interface.  This  was  used,  combined  with  Monte 
Carlo  computer  simulations,  to  study  the 
crystalline  quality,  the  phase  of  the  surface 
and  the  buried  ultrathin  metal  (Ni  and  Co) 
silicide  layers  which  form  upon  room 


temperature  deposition  on  Si(lll)</5xJ3-B 
reconstructed  surfaces.  The  results 
indicate  that  in  some  cases  the  metal  atoms 
initially  deposited  on  Si  diffuse  to 
reaction  sites  in  the  fourth  layer  where 
the  metal  silicides  growth  begins.  Further 
deposition  of  the  metal  leads  to  the  growth 
of  metal  silicides  which  is  thought  to  be  a 
diffusion  barrier  that  stops  the  supply  of 
Si  atom  from  bulk  onto  the  surface  at  300°K 
and  soon  terminates  the  formatiom  of  metal 
silicides.  Subsequent  deposition  of  the  metal 
atoms  (>4ML)  forms  a  pure  metal  film  on  top  of 
the  thin  disordered  silicides. 

*  Also  at  GE  Corporate  Research  and  Development 
Center,  Schenectady,  NY 


D1.8 

FORMATION  OF  HIGH  QUALITY  Si  /  CoSi  *  /  Si  DOUBLE  HETERO 
-STRUCTURES  BY  SELF -ALIGNED  AND  TWO  STEP  MOLECULAR  BEAM 
EPITAXY.  M.MIYA0.  T.  OHSHIMA,  N.  NAKAMURA  and  K.NAKAGAWA, 
Cent.  Res.  Labo. ,  Hitachi  Ltd.,  Kokubunji,  Tokyo,  Japan 

The  formation  and  application  of  high  quality  Si/CoSit/Si 
double  hetero -structures  are  comprehensively  studied.  In 
these  experiments,  grooved  patterns,  with  different 
dimensions  of  line  &  space  (submicron  -  a  fee  cm),  were 
formed  on  Si  (111)  substrates  and  then  CoSi,  was  grown  by 
molecular  beam  epitaxy  (MBE)  under  a  stoichiometric  beam 
condition  CCo/Si  =  1/2) .  At  growth  temperatures  higher  than 
400X),  the  CoSit  films  deposited  on  the  side  walls  ((211) 
orientation)  of  the  grooves  agglomerated  to  reduce  the 
interface  energy  between  the  CoSit  and  Si.  However,  on 
the  flat  (111)  Si  surfaces,  pin  hole  free  CoSit  films 
were  obtained  up  to  500 ”C.  In  this  way,  fine  patterning 
of  CoSit  electrodes  becomes  possible  under  self -aligned 
MBE  growth  by  choosing  a  growth  temperature  in  the  range 
4Q0C  -  500C.  In  the  further  experiment,  2-step  MBE  growth 
was  used  to  obtain  high  quality  Si  overlayers  on  the  CoSit 
/Si  substrates.  Here,  very  thin  Si  layers  were  grown  at 
low  temperatures  (300  -  400X1)  to  stabilize  the  surface 
atoms  of  CoSit  and  then,  on  top,  thick  Si  layers  have 
grown  at  high  temperatures  (500  -  600X1).  RHEED  and  SEM 
observations  showed  that  the  Si /CoSi « /  Si  structure  has 
good  crystallinity  and  morphology.  In  addition  cross 
-sectional  TEM  observation  revealed  that  both  the  upper 
and  lower  interfaces  between  the  CoSi  t  and  Si  are 
atomically  abrupt  and  smooth.  Finally,  permeable  base 
transistors  (PBT)  were  fabricated  utilizing  this  newly 
developed  MBE  process.  A  high  performance  from  the  PBT’ s 
(Gm  =  42mS / mm)  was  obtained,  which  agreed  well  with  the 
computer  simulations.  This  work  was  performed  under  the 
management  of  the  R&D  Associ.  for  Future  Elec.  Dev.  as  a 
part  of  the  R&D  of  Basic  Tech,  for  Future  Indus,  suported 
by  New  Ener.  and  Indus.  Tech.  Devel.  Organ. 


DI  .  9 

GROWTH  AND  CHARACTERIZATION  OF  EPITAXIAL  CoSi,  ON 
Si(100).  Jorge  R,  Jimenez,  L.  Hsiung,  K.V.  Ramanathan,  K.  Raj  an, 
L.J.  Schowalter,  Center  for  Integrated  Electronic*,  Rensselaer  Poly¬ 
technic  Institute,  Troy,  NY  12180;  Shin  Hashimoto,  Physics  Depart¬ 
ment,  State  University  of  New  York,  Albany,  NY  12222;  R.D.  Thomp¬ 
son,  B.A.  Ek,  and  S.S.  Iyer,  IBM  T.J.  Watson  Research  Center,  York- 
town  Heights,  NY  10598. 

Epitaxial  CoSi,  on  silicon  is  a  system  of  considerable  interest,  be¬ 
cause  of  possible  novel  device  applications  such  as  3-D  interconnects 
and  the  metal-base  transistor.  While  much  work  has  been  done  on 
CoSi,/Si(lll),  relatively  little  has  been  done  on  CoSi,/Si(100),  which 
is  considerably  more  difficult  to  grow,  but  may  be  the  technologically 
more  important  system.  We  have  grown  films  of  CoSi,  on  Si(100)  by 
MBE  and  studied  them  using  LEED,  RBS,  TEM,  SEM  and  resistivity 
measurements.  The  use  of  a  template  method,  where  a  thin  (10-15  A) 
CoSi,  film  is  codeposited  at  room  temperature  before  annealing  and 
further  codeposition,  improves  film  quality  in  terms  of  ion  channelling 
and  resistivity,  compared  to  those  grown  by  straight  Co  deposition. 
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The  number  and  size  of  grains  of  other  orientations  are  also  sub¬ 
stantially  reduced,  but  are  not  completely  removed.  Schottky  barrier 
heights  of  «  0.7  eV  have  been  determined  from  I-V  and  C-V  mea¬ 
surements,  although  the  heights  obtained  from  C-V  measurements 
are  higher  by  as  much  as  0.1  eV.  We  have  also  observed  unusually 
large  tetragonal  strain  (tr  =  2.6%)  in  films  ss  120  A  thick.  The 
dislocation  densities  observed  along  the  interface  by  TEM  on  these 
same  films  is  of  the  order  of  10®/m.  Assuming  all  these  are  misfit 
dislocations  uniformly  distributed  with  Burger’s  vector  j[011]  at  the 
interface  gives  a  strain  of  ej|  as  1%.  It  has  been  found  through  detailed 
examination  of  TEM  diffraction  patterns  that  metastable  cobalt  sili- 
cide  stoichiometries  may  exist  suggesting  metastabilities  which  have 
not  been  reported  for  epitaxial  CoSij  growth  on  Si(lll). 
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EVOLUTION  OF  STRESS  DURING  HETEROEPfT AXIAL  GROWTH  OF  NiSL 
ON  (001)  AND  (111)  SILICON  SUBSTRATES.'  H.L.  Ho.  C.L  Bauer,  S.  Mahajan, 
Department  ol  Metallurgical  Engineering  and  Materials  Science,  and  AG. 
Milnes,  Department  ol  Electrical  and  Computer  Engineering,  Carnegie  Mellon 
University,  Pittsburgh,  PA  15213. 


Thin  film  stress  accompanying  the  heteroepitaxial  nudeation  and  growth  of  NiSL 
resulting  trom  the  Interaction  ol  polycrystalline  nickel  films  with  (001)  and  (111) 
silicon  substrates  has  been  measured  through  the  use  of  a  levered  optical  beam 
technique  In  the  temperature  range  of  770  -  910°C.  Results  Indicate  that  stress 
decreases  during  growth  of  NiSi2  on  (001)  and  (111)  oriented  silicon  substrates 
whereupon  stress  remains  constant  after  complete  tormation  of  NiSL.  However, 
stress  reduction  is  considerably  larger  during  the  tormation  of  NISIj  on  (lit) 
silicon  (2  300  -  400  MPa),  whereas  a  comparatively  small  stress  reduction 
( £  100  MPa)  Is  observed  tor  NiS^  on  (001)  silicon.  Furthermore,  Increasing 
temperature  Increases  the  magnitude  ot  stress  reduction  of  NiS'ij  on  (1 1 1)  silicon 
while  virtually  no  effect  Is  (ound  for  NiSijjm  (001)  sIFroon.  TEM  studies  reveal 
(hat  for  NiSij  on  (111)  silicon,  a/6<1 12>  Shockley  partial  dislocations  are 
associated  with  steps  at  the  NiS'i^fill)  silicon  interface.  It  Is  argued  that  the 
larger  decrease  In  stress  of  NiSi2  grown  on  (1 1 1 )  silicon  is  the  result  of  (nterfadal 
glide  of  Shockley  partial  (twinning)  dislocations  along  the  (111)  composition 
plane  with  concomitant  migration  of  steps.  In  contrast,  the  smaller  decrease  In 
stress  during  the  formation  of  NiSij  on  (001)  silicon  Is  attributed  to  the  presence 
ot  non-gliding  Interiadal  dislocations  of  the  type  a/4<1 1 1>. 

'The  authors  gratefully  acknowledge  the  financial  support  ot  the  IBM  Center  tor 
Thin  Film  Sdences  at  Carnegie  Mellon  University. 
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COLUMNAR  EPITAXY  OF  CoSl2  ON  Sid  1 1).  (1001.  and  (110)  * 

R  W  Fathauer.  Jet  Propulsion  Laboratory.  California  Institute  of 
Technology.  Pasadena.  CA;  C.W.  Nleh.  California  Institute  of 
Technology’.  Pasadena.  CA  and  Q.  F.  Xiao  and  Shm  Hashlmoto.  Stale 
University  of  New  York  at  Albany.  Albany.  NY. 

Codcposttion  of  cobalt  and  silicon  with  Sl.Co  ratios  ranging  from  12 
to  60  on  silicon  substrates  held  at  640-800°C  in  ultra-high  vacuum  is 
found  to  result  In  epitaxial  columns  of  cobalt  disUicIde  surrounded  by 
epitaxial  silicon.  On  SKI  11),  planar  transmission  electron 
microscopy  (TEM)  analysis  reveals  no  extended  defects  In  either  the 
sllicide  or  silicon  matrix  for  growth  at  7 00-800 °C  However,  growth  at 
640”C  results  In  a  high  density  of  planar  twins  In  the  silicon. 
Rutherford  backscatterlng  analysis  reveals  channeling  minimum 
yields  for  the  Co  signal  as  low  as  4%  and  yields  for  the  Si  signal  as  low 
as  2%  for  (l  1  l)-orlented  samples.  Independent  control  of  column 
diameter  and  spacing  is  possible  through  selection  of  Si:Co  ratio  and 
growth  temperature.  Average  column  diameters  ranging  from  25  to 
130  ran  with  spaclngs  of  80  to  230  ran  have  been  demonstrated. 

The  shapes  of  the  sllicide  grains  vary  considerably  for  (111),  (100), 
and  (110)  silicon.  Both  twinned  (type  Bl  and  untwinned  (type  A) 
sllicide  grams  have  been  observed  on  all  three  orientations.  Most  of 
the  grains  on  SKI  1 1)  are  type  B.  but  roughly  equal  numbers  of  type  A 
and  type  B  grams  are  observed  on  Sl(lOO)  and  (1 10).  On  Sl(100).  type-B 
grains  assume  the  shape  of  platelets  with  four  variants,  due  to 
twinning  about  the  four  |111)  planes  inclined  to  the  surface  (100) 
plane.  Type  A  grains  on  SKI 00)  exhibit  serrated  edges  due  to  faceting 
on  111  1|  planes,  as  revealed  by  high-resolution  TEM. 
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HIGH  RESOLUTION  X-RAY  SCATTERING  STUDIES  OF  STRAIN  IN 
EPITAXIAL  THIN  FILMS  OF  YTTRIUM  SILICIDE  GROWN  ON 
SILICON(III).  L.  J.  Maninez- Miranda*.  M.  P.  Siegal**,  P.  A. 
Heiney***,  J.  J.  Samiago-Aviles*  and  W.  R,  Graham**,  Laboratory  for 
Research  on  the  Structure  of  Matter,  ‘Depanmem  of  Electrical  Engineering, 
••Department  of  Materials  Science  and  Engineering,  ***  Department  of 
Physics,  University  of  Pennsylvania,  Philadelphia,  PA  19104. 

We  have  used  high  resolution  grazing  incidence  x-ray  scattering  (GIXS)  to 
study  the  in-plane  structure  of  epitaxial  YSi2-x  films  grown  on  Si(l  1 1), 
with  thicknesses  ranging  from  85A  to  510A.  These  films  were  prepared 
from  a  34A  template  layer  of  YSi2-x  annealed  at  700°C,  onto  which 
additional  Y  was  deposited  at  about  300°C,  a  temperature  high  enough  to 
induce  silicide  formation.  All  films  were  annealed  at  850°C  to  achieve 
epitaxy,  with  chi-minimum  of  3-4%  as  measured  from  backscattering 
spectrometry. 

YSi2-x  crystallizes  in  the  AIB2  structure,  which  is  hexagonal,  with  bulk 
lattice  parameters  a  =  3.842  Ajc  =  4.41 4A  resp  -jvely.  This  should  result 
in  an  almost  perfect  lattice  match  to  Si(l  1 1 ).  Ou,  .esults  indicate  that  the 
films  are  strained,  and  that  film  strain  increases  as  a  function  of  thickness, 
with  lattice  parameters  varying  from  a  =  3.846A  /  c  =  4.142A  for  the  85A 
film  to  a  =  3.877A/  c  =  4. 1 2 1 A  for  the  SloA  film.  We  correlate  these 
results  with  an  increase  in  pinhole  areal  coverage  as  a  function  of  thickness. 
In  addition,  our  measurements  show  no  evidence  for  the  existence  of 
ordered  silicon  vacancies  in  the  films. 

Work  supported  by  an  IBM  Program  of  Support  for  the  Materials  and 
Processing  Sciences  Grant;  NSF-MRL  Grant  No.  DMR-85- 19059;  and 
University  of  Puerto  Rico  ARO  Gram  No.  P-2268 1  -MS. 
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SURFACE  MORPHOLOGY  OF  TiSi2  FORMED  FROM  UHV 
DEPOSITED  Ti  ON  Si.  Hveonctag  Jeon.  R.  J.  Nemanich,  J.W. 
Honeycutt  and  G.  A.  Rozgonyi,  North  Carolina  State  University. 
Department  of  Physics  and  Department  of  Materials  Science  and 
Engineering,  Raleigh,  NC  27695-8202 

Of  the  silicides  often  considered  for  1C  applications,  TiSi2  films  formed  by 
reaction  of  Ti  on  Si  exhibit  lower  resistivity  and  higher  temperature 
stability.  An  aspect  important  for  the  application  is  that  significant  surface 
roughening  has  been  observed  after  annealing  to  form  the  silicides.  In  this 
study  the  island  formation  mechanisms  and  the  morphology  of  TiSi2  on  Si 
are  examined  and  related  to  the  nucleation  and  growth  properties  of  the 
TiSi2  film.  Ti  is  deposited  on  clean,  reconstructed  Si  substrates  (ie.  2x1 
on  Si(100)  and  7x7  on  Si(lll))  at  room  temperature  and  also  at  high 
substrate  temperature  (500°C-800°C).  The  TiSij  formation  process  is 
monitored  with  in-situ  LEED,  AES  and  ex-situ  Raman  and  the  surface 
morphology  is  examined  with  ex-situ  SEM  and  TEM.  Ti  thicknesses 
between  50A  and  400A  were  examined.  The  TiSi2  formation  process 
involves  Si  diffusion  at  temperatures  <400°C,  formation  of  a  meta-stable 
TiSi2  phase  at  ~500°C,  and  transformation  to  the  stable  TiSi2  phase  at 
~700°C.  At  ~700°C,  in  situ  LEED  measurements  show  diffraction 
corresponding  to  the  reconstructed  substrate.  This  indicated  the  formation 
of  islands  with  clean  substrate  regions  between  the  islands.  The  high 
temperature  required  for  nucleation  of  the  stable  phase  is  interpreted  as  an 
indication  of  high  surface  energy.  The  microscopy  results  show  smooth 
surfaces  for  TiSi2  formation  at  annealing  temperature  ~500°C,  and  TiSi2 
island  formation  at  annealing  temperatures  between  600°C  and  900°C 
depending  on  the  film  thickness.  The  island  formation  process  is 
described  in  terms  of  a  wetting  model,  and  the  surface  energies  for 
nucleation  and  island  formation  are  related. 

•This  work  was  supported  in  part  by  the  National  Science  Foundation 
through  gram  DMR  8717816  and  CDR  8721505. 


Work  supported  by  SDIO  and  NASA 
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EPITAXIAL  GROWTH  OF  TbSi,ON  Sid  11).  F.  H.  Kaatz.  J.  Van 
der  Spiegel,  and  W.  R.  Graham,  Laboratory  for  Research  on  the 
Structure  of  Matter  and  the  University  of  Pennsylvania, 
Philadelphia,  PA  19104. 

We  provide  the  first  description  of  the  epitaxial  growth  of  TbSi2 
on  Sid  11).  TbSi2  crystallizes  in  the  hexagonal  A1B2  structure  with 
a  0.05  mismatch  to  the  Si(l  11)  bulk  lattice.  In  this  study,  terbium 
is  evaporated  onto  Shiraki  cleaned  silicon  wafers  and  annealed 
in  UHV  to  form  TbSi2  films  of  200A  in  thickness  with  the 
pressure  maintained  below  5xl0'10  torr  during  all  procedures. 
Low  energy  electron  diffraction  (LEED)  shows  single  crystal 
growth  with  a  sharp  V3xV3  pattern  after  an  850°  C  anneal.  Auger 
electron  spectroscopy  (AES)  indicates  intermixing  at  room 
temperature  with  growth  following  a  nucleation  type 
mechanism.  We  describe  growth  procedures  leading  to  a 
Rutherford  backscattering  minimum  channeling  yield  of  7-8  %. 
X-ray  and  transmission  electron  diffraction  (TEM)  analyses  show 
the  formation  of  single-crystalline  TbSi2  with  an  orientation  of 
TbSi2(0001)  1  ISidll)  and  TbSi2(10T0)l  ISidl2).  TEM  also  reveals 
pinhole  formation  with  an  average  size  of  less  than  0.5  pm,  with 
no  evidence  of  an  ordered  vacancy  network  in  these  films.  We 
also  present  the  first  electrical  measurements  on  TbSi2- 

This  work  is  supported  in  part  by  the  NSF-MRL  under  grant  # 
DMR  8819885. 
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GRDWIH  KINETICS  OF  Si  ON  SAPFHTRE  BY  MHE  AS  A 
RJNCTICW  OF  SUBSTRATE  IN-SITU  HIGH  TEMFERA- 
TURE  SUBSTRATE  ANNEAL.  Eliezer  Dovid  Richmond. 

Naval  Research  Laboratory,  code  6816,  Washington  D.C. 
20375-5000,  Jooseph  G.  Ffellegrino,  NIST,  Gaithersburg,  MD 
20889,  Mark  E-  TWigg,  GED-Oenters  Ire.,  Fort  Washington 
MD.  20744. 

The  effects  of  high  temperature  vacuum  annealing  of  a 
sapphire  substrate  in-situ  of  a  VG80  Si  MBE  system  on  the 
growth  kinetics  has  been  preliminarily  investigated1  and 
the  resultant  material  characterized  for  its  crystalline 
quality,  miczostructural  defects,  and  electrical  properties2 
Here  we  present  a  more  detailed  investigation  of  the 
growth  kinetics  of  MBE  Si  on  (1102)  sapphire.  The  sub¬ 
strates  are  annealed  in  a  vacuum  of  10  '  to  10-8  itoar  far 
30  minutes  at  1100c'C,  1300^,  and  1450^.  Si  films  are 
grown  with  a  thickness  ranging  from  3  m  to  40  m.  The 
films  are  found  to  grow  by  a  Volmer  Weber  process.  For 
a  given  substrate  annealing  temperature,  the  island  size 
increases  and  the  island  density  decreases  with  increasing 
film  thickness.  As  the  annealing  taiperature  of  the 
substrate  decreases  the  island  sire  distribution  has  several 
properties:  1)  The  oenter  of  the  distribution  shifts  to 
scalier  diameters;  2)  The  peak  heicfit  of  the  distribution 
increases;  and  3)  the  standard  deviation  of  the  distribution 
decreases. 

1.  J.G.  Pellegrino,  E.D.  Ridmcnd,  and  M.  TWigg,  Materials 
Research  Society  Proc. ,  vol.  116,  p.395,  1988. 

2.  E.D.  Richmond,  S.  Quadri,  A.  Knudson,  M.  TWigg,  N. 

Green,  in  International  Si  MBE  Sysposiun,  30  May  -  2 
June  1989,  Strasbourg  Francs. 
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A  HREM  STUDY  OF  EPITAXIAL  FLUORIDE  /  RARE  EARTH 
i  FLUORIDE  /  GaAs  INTERFACES.  C.J.  Chien,  R.F.C.  Farrow*. 
J  C.  Bravman  Department  of  Materials  Science  and  Engineering,  Stanford 
University,  Stanford,  CA  94305.  *IBM  Research  Center,  650  Harry  Road, 
San  Jose,  California  95120-6009. 

Ultrathin  epitaxial  rare  earth  films  buried  in  a  host  matrix  of  rare  earth 
fluorides  exhibit  magnetic  properties  significantly  different  from  bulk 
crystals.  In  this  paper  we  report  a  HREM  study  of  such  structures  which 


complements  grazing  incidence  X-ray  diffraction  and  in  situ  RHEED  studies 
of  films  grown  by  molecular  beam  epitaxy. 

We  find  that  in  NdF3/Y/NdF3  structures  grown  on  GaAs  (111)  substrates 
that  the  GaAs-NdF3  interface  is  atomically  rough  with  a  random  distribution 
of  steps  and  microfacets  arising  from  the  initial  heat-cleaning  stage  of 
sample  preparation  in  UHV.  The  NdF3  does  not  replicate  this  rough 
interface  and  by  70  A  thick  the  NdF3  surface  roughness  is  on  the  order  of  a 
single  monolayer.  Epitaxy  of  the  rare  earth  film  on  the  fluoride  is 
sometimes  accompanied  by  interfacial  replacement  reactions  evident  from 
large  local  variations  in  lattice  parameter  within  the  metal  film  near  the 
interface. 

A  detailed  picture  of  the  defect  structure  of  these  novel  structures  is 
developed  from  this  study  and  the  magnetic  implications  of  the  defect 
structure  is  discussed. 
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INFLUENCE  OF  OFF-ORIENTED  SUBSTRATES  ON  HETERO- 
EPITAXIAL  GROWTH  OF  (Ca,  Sr)F,  LAYERS  ON  Si  (100). 
Tetsuroh  Mjnemura  and  Junko  Aaano,  Hitachi 
Reaaarch  Laboratory,  Hitachi,  Ltd. ,  Hitachi-ahi, 
Japan;  Kaxuo  Tsutaui  and  Seijiro  Furukawa,  Tokyo 
Institute  of  Technology,  Yokohama-ahi,  Japan. 


Hateroapitaxial  growth  of  (Ca,  Sr)Fi  layera  on 
Si  (100)  has  been  investigated  for  applying  it 
to  GaAs/fluoride/Si  structures.  Si (100) 

substrates  off-oriented  toward  <011>  have  a 
considerable  effect  on  reducing  crystal  defects 
in  the  epitaxial  GaAs  layera  on  them.  In  thia 
paper,  we  will  report  that  the  influence  of  off- 


oriented 

substrates 

on  the  epitaxy  of 

(Ca,  Sr)F, 

/Si  (100) 
GaAs/Si. 

ia 

quite 

different  from 

that 

for 

(Ca, ,  Sr  i . 

OF, 

layers 

were  grown  on 

exact 

and 

off-oriented  Si (100)  substrates  by  molecular 
beam  epitaxy  (MBE).  Rutherford  backscattering 
spectroscopy  was  employed  for  evaluating  the 
crystallinity  of  the  layera. 


The  minimum  channeling  yields  (x. < • )  for  CaF> 
layers  grown  on  the’  exact  and  4*  off-oriented 
Si  (100)  aubstratea  are  small,  0.  1-0.  15.  which 
shows  no  influence  of  off-oriented  substrates 
on  their  crystallinities.  On  increasing  the 
mixing  composition  of  Sr,  the  %. , « ' a  for 
(Cat , Sr, .  i  ) F>  layers  grown  on  the  off-oriented 
Si  (100)  substrates  get  large,  about  0.  9, 
although  those  grown  on  the  exact  Si (100)  are 
kept  small.  This  influence  of  off-oriented 
substrates  for  (Ca, ,  Sr,  - 1  )  F,  /Si  (100)  is  quite 
the  reverse  of  GaAs/Si. 
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STRAIN  IN  EPITAXIAL  GaAs  ON  CeF2/Si( 111).  L..1.  Schowalter 
J  E.  Ayers,  and  S.K.  Ghandhi.  Ctr.  for  Integrated  Electronics.  Rens¬ 
selaer  Polytechnic  Institute,  Troy.  NY  12180;  Shirt  Hashimoto  and 
W.M,  Gibson,  Physics  Department.  State  University  of  New  York  at 
Albany;  F.K.  LeGoues,  IBM  T.J.  Watson  Research  Ctr.;  and  P.A. 
Claxton.  Dept,  of  Electronic  Electrical  Eng..  V.  Sheffield 

While  direct  heteroepitaxy  of  GaAs  on  Si  already  has  demonstrated 
suitable  properties  for  many  applications,  the  high  density  of  thread¬ 
ing  dislocations  (wlO?  cm**)  and  high  stress  isrlO*  dynes/cm1)  will 
make  it  difficult  to  fabricate  minority  carrier  devices  (such  as  lasers 
and  solar  cells)  with  reasonable  yield  and  lifetimes.  To  overcome  this 
problem,  we  have  attempted  to  use  epitaxial  CaF»  as  an  epitaxial 
buffer  layer  between  the  GaAs  and  Si  substrate.  Layers  of  (1)1) 
GaAs  of  approximately  1/im  were  grown  on  CaFj  layers  which  were 
140  and  38 0  nm  thick.  The  best  nucleation  conditions  for  the  GaAs 
on  CaFj/Si(Ul)  we  have  observed  were  at  a  substrate  temperature 
of  600  *C  which  resulted  in  high  quality  GaAs  films  which  exhibited 
channeling  minimum  yeilds  of  and  x-ray  rocking  curve  FWHM  in 
the  range  of  500  arc  seconds.  The  density  of  threading  dislocations  in 
the  1  itm  thick  GaAs  layers  was  observed  by  TEM  to  be  10r/cm5.  No 


131 


strain  was  measured  in  both  sets  of  GaAs  samples  within  the  accuracy 
(±1.2xl0_<)  of  double-crystal  x-ray  diffraction  measurements.  Ion 
channeling,  however,  revealed  a  large  tetragonal  strain  oi  3.~jx)0~* 
in  the  thinner  (160  nm)  CaFj  buffer  layers.  No  strain  was  observed 
in  either  the  CaFj  layer  or  the  GaAs  layet  fot  samples  grown  on  the 
thicker  CaFj  buffer  layer.  We  have  modeled  out  results  in  terms  of 
the  strain  relief  mechanisms  for  GaAs  and  CaKj  which  are  in  good 
agreement  with  the  observed  result*. 

D2.8 

EPITAXIAL  GROWTH  OF  (100)  GaAs  ON  SOS  USING  A 

SPECIFICALLY  DESIGNED  MOCVD  SYSTEM.  T.  Nishimura, 
K.Kadoiwa ,K. Mitsui  and  I.MuroCani,  Optoelectronic 
S,  Microwave  devices  R  &  D  Lab.  ,  Mitsubishi 

Electric  Corp.  Mizuhara,  Itami,  664,  Japan. 

There  have  been  two  main  problems  in  applying 

the  GaAs-on-Si  technique  to  monolithic  microwave 

integrated  circuits(MMIC’ s)  and  digital  IC’s. 
One  is  the  poor  resistivity  of  Si  substrate  and 
the  other  is  the  wafer  warpage  and  the  cracks 

of  the  GaAs  layer  due  to  the  difference  of  thermal 
expansion  coefficients  between  Si  and  GaAs. 

Sapphire  is  a  good  candidate  for  the  substrate, 
since  it  is  an  insulator  and  has  a  thermal 

expansion  coefficient  close  to  that  of  GaAs. 

In  earlier  studies  (111)  GaAs  has  been  grown 

on  sapphire.  In  this  study  we  have  grown  (100) 

GaAs  on  Si-on-sapphire( SOS) ,  where  various  tech¬ 
niques  for  GaAs  on  Si  can  be  easily  applied. 

In  order  to  get  a  high  quality  GaAs  layer  on 

SOS  with  good  reproducibility,  we  intorduced 
the  new  MOCVD  system  specifically  designed  for 
GaAs  on  Si  technique.  This  is  a  full  load  locked 
and  automated  MOCVD  system  with  two  reactors(one 
is  for  Si  cleaning,  the  other  is  for  the  growth). 

In  spite  of  thick  GaAs  layer  over  than  15pm, 

no  crack  of  the  GaAs  layer  and  bending  of  1/2 
as  much  as  that  on  the  Si  substrate  are  observed. 
PL  characteristics  show  much  smaller  residual 
stress.  The  X-ray  FWHM  is  reduced  by  the  annealing 
from  140  arcsec  to  65  arcsec  at  10pm  of  the  GaAs 
thickness,  which  is  surprisingly  nallow  data 
in  highly  mismatched  systems.  The  dislocations 
are  effectively  reduced  to  3xl0&  cm"2  by  the 
annealing  and  strained  laver  superlattice. 

D2.9 

EFFECT  OF  STOICHIOMETRY  ON  THE  ACTIVATION  OF  IM¬ 
PLANTED  Si  IN  MBE-GROWN  GaAs  ON  Si.  T.S.  Kim  and  Y.C. 
Kao,  Central  Research  Laboratories,  P.O.  Box  655936,  MS  147,  Texas 
Instruments  Inc.,  Dallas,  TX  75265 

In  this  work,  activation  of  Si  implanted  into  GaAs-on-Si  layers 
grown  by  molecular  beam  epitaxy  (MBE)  is  studied.  It  is  found  that 
the  Si  activation  is  lower  in  GaAs  on  Si  than  in  bulk  GaAs  and  varies 
widely.  To  examine  if  the  low  activation  of  implanted  Si  is  due  to 
the  amphoteric  behavior  of  Si  and  not  due  to  the  defects  unique  to 
GaAs  on  Si,  activation  of  non-amphoteric  dopants  such  as  Be  and 
S  is  also  studied.  Be  occupies  Ga  sublattice  and  is  an  acceptor, 
while  S  occupies  As  sublattice  and  is  a  donor.  The  activation  of 
implanted  Be  in  GaAs  on  Si  is  as  good  as  in  bulk  GaAs.  while  S 
shows  much  higher  activation  in  GaAs  on  Si  than  in  bulk  GaAs. 
These  results  suggest  that  no  donor-  or  acceptor-like  defects  exist  in 
high  concentration  in  GaAs  on  Si  and  that  the  amphoteric  behavior 
of  Si  is  the  major  compensation  mechanism  in  MBE-grown  GaAs  on 
Si.  The  increased  Si-acceptor  concentration  and  S  activation  in  GaAs 
on  Si  are  apparently  due  to  the  high  density  of  As  vacancies. 

To  determine  if  the  high  concentration  of  As  vacancies  is  due  to 
the  threading  dislocations  or  due  to  the  growth  conditions  for  GaAs 
on  Si,  we  examine  the  activation  of  Si  implanted  into  GaAs  on  GaAs 
MBE- layers  grown  under  the  conditions  similar  to  those  for  GaAs  on 
Si.  It  is  found  that  the  Si  activation  varies  substantially  depending 
on  the  V(As)/III(Ga)  flux  ratio  during  the  MBE  growth  and  layers 
grown  with  the  V/III  flux  ratio  used  for  GaAs  on  Si  shows  substan¬ 
tially  lower  Si  activation  than  bulk  GaAs.  These  results  indicate 


that  the  high  density  of  As  vacancies  in  GaAs  on  Si  is  a  result  of  the 
growth  conditions  which  require  low  V /III  flux  ratio  for  good  surface 
morphology.  The  effect  of  the  threading  dislocations  does  not  appear 
to  be  significant  compared  to  that  of  As  vacancies  and  no  clear  cor¬ 
relation  is  found  between  the  density  of  threading  dislocations  and 
implanted  Si  activation. 

D2.10 

SELECTIVE  AREA  GROWTH  OF  GaAs  ON  SI  BY  ELECTRON- 
CYCI.OTRON-RESONANCE  PLASMA-EXCITED  MOLECULAR-BEAM- 
EPITAXY  (ECR-MBE)  Tomohiro  Shlbata.  Naoto  Hondo, 
Yasushi  Nanishi,  and  Masatomo  Fujimoto  ; 

NTT  Opto-electronlcs  Laboratories,  Atsugl-shi,  Kanagawa, 
243-01  Japan 

The  GaAs-on-Si  heterostructure  is  one  of  the  most  promis¬ 
ing  systems  for  monolithic  Integration  of  electronic  and 
optical  devices.  For  practical  applications,  a  selective 
area  growth  technique  is  considered  to  be  essential.  In 
addition,  this  technique  Is  widely  known  to  reduce 
dislocations,  cracks,  and  warpage  induced  by  thermal 
stress.  Low-temperature  SI  surface  cleaning  has  also  been 
the  focus  of  much  Interest  as  a  key  technique  for  avoiding 
degradation  of  SI  devices  during  heat  treatment  at  around 
900‘C  :  such  heat  treatment  Is  thought  to  be  Inevitable  to 
obtain  a  clean  surface  prior  to  GaAs  growth. 

In  this  study,  selective  area  growth  of  GaAs  on  SI  was  suc¬ 
cessfully  performed  by  FCR-MBE  at  630°C  .  the  highest 
temperature  throughout  the  growth  process.  This  study 
builds  on  the  authors'  previous  work  using  ECR-MBE: 
low-temperature  GaAs  growth  Including  surface  cleaning, 
and  selective  area  GaAs  homoepitaxlal  growth.  GaAs  was 
selectively  grown  on  Si  masked  with  100-nm-thlck  SIN  film. 
The  SIN  mask  was  patterned  with  1-ui  lines  and  spaces.  The 
substrate  was  cleaned  at  630"C  by  hydrogen  ECR  plasma 
exposure  prior  to  growth,  which  yields  a  clean  hetero¬ 
interface  with  no  detectable  pile-up  of  either  carbon  or 
oxygen.  The  growth  temperature  was  kept  constant  without 
employing  a  two-step  growth  method.  A  cross-sectional  SEM 
image  revealed  that  the  GaAs  layer  was  selectively  grown 
only  on  the  unmasked  areas,  while  no  GaAs  was  deposited  on 
the  masked  areas.  No  anomalous  growth  at  the  mask  edge 
was  observed  in  contrast  to  conventional  MOCVD.  The  mecha¬ 
nisms  of  low-temperature  plasma  cleaning  and  selective 
area  growth  will  be  discussed  In  terms  of  the  surface 
reactions  and  kinetics. 


D2.1J 

Em.fTRir.Al- PROPERTIES  OF  MESA  DIODES  ON  EPITAXIAL 
GaAs/Si.  KJL  Jiao,  AJ.  Soltyka  and  W.A  Anderson.  Center  for 
Electronic  and  Electro-optic  Materials,  Department  of  Electrical  and 
Computer  Engineering,  State  University  of  New  York  at  Buffalo, 
Bonner  Hall,  Buffalo,  NY  14260;  and  S.M.  Vernon,  SPIRE  Corp, 
Patriots  Park,  Bedford,  MA  01730 

Deep  level  transient  spectroscopy  (DLTS)  and  current-voltage- 
temperature  (I-V-T)  studies  were  performed  on  MOCVD-  grown 
GaAs  multilayer  diodes  on  GaAs  or  Si  substrates  to  study  the  in¬ 
fluence  of  beteroepitaxy  on  electrical  properties.  A  deep  level  (Ec-0.65 
eV)  was  found  for  both  GaAVGaAs  and  GaAs/Si  structures  and  is 
hence  related  to  inherent  defects  of  the  GaAs  epitaxial  layer.  For 
GaA^Si,  a  continuous  distribution  of  trap  levels  was  also  observed 
which  could  be  attributed  to  misfit  dislocations.  I-V-T  data  revealed 
the  saturation  current  density  of  GaAs/Si  diodes  to  be  four  orders  in 
amplitude  higher  and  less  temperature  dependent  than  for 
GaAa/GaAs  ones.  The  diode  ideality  factor  (n)  increased  linearly 
with  1/T  for  GaAs/Si  diodes  but  was  relatively  temperature  inde¬ 
pendent  for  GaAs/GaAs  diodes.  The  slopes  of  the  I-V  data  were  in¬ 
variant  with  temperature  for  GaAVSi  diodes  indicating  tunneling  to  be 
the  predominant  mechanism.  For  GaAVGaAs  diodes  at  high  forward 
bias,  SRH  recombination  due  to  deep  levels  was  observed.  Arrhenius 
plots  indicated  an  activation  energy  (Ha)  of  0.60eV.  At  low  forward 
bias  voltages,  the  slopes  of  the  I-V  data  showed  less  temperature  de¬ 
pendence,  multiple  mechanisms,  and  activation  energies  of  (L27eV  and 
0J6eV.  A  using  intr»h«nd  multistep  tunneling  is  utilised  in  ex¬ 
plaining  the  data. 


D2.12 

HIGH  QUALITY  G4AS  ON  SOI  BY  HOCVD.  M.H.  K«rf.  V.E. 
Avan,  S.M.  Varnon,  Spira  Corporation,  Patriots  Park, 
Badford,  ha  01730;  NJk.  El-Haary,  North  Carolina  Stata 
Qnivarslty,  Ralaigh,  NC  27615;  and  N.  Baagal,  Univaraity 
of  California,  Los  Angolas,  CA  00024. 


Epitaxial  GaAS  filaa  hava  baan  auccaasfully  dapositad  on 
3-inch  dlaaatar  silicon  wafars  with  a  buriad  oxida  by 
HOCVD.  ttia  is  iaportant  dua  to  tha  potantlal  for  thraa- 
dlaanaional  lntagration  of  optical  and  electronic  davicas 
in  addition  to  coaibining  two  technologies  for  radiation 
hardness.  The  silicon  on  insulator  wafars  ware  prepared 
using  tha  Separation  by  IMplantation  of  oxygen  process. 
Direct  (100)  silicon  and  2  degrees  off  (100)  towards  <110  > 
wafers  ware  inplanted  with  oxygen.  Ihe  inplanted  wafars 
ware  then  annealed  at  1300*C  for  6  hours  in  a  nitrogen 
aaiblent  to  fora  a  continuous  buriad  oxida  typically  4000  k 
thick  and  a  regrovn  si  over  layer  approximately  1400  A. 

Ihe  HOCVD  deposition  of  GaAS  on  SOI  took  place  in  a  SPI-MO 
CVD™  450  reactor  operated  at  ataospharic  pressure  using 
tha  standard  two-step  deposition  technique  for  GaAs  on  Si. 
The  aurface  aorphology  of  tha  depoaited  filas  was  found 
coaqwrabla  to  state  of  the  art  GaAs  on  Si  filas  grown  in 
the  sane  reactor.  Transaission  Electron  Hicroacopy  (TEH) 
showed  that  the  deposited  filas  are  of  single  doaain  and 
are  of  excellent  quality.  He  have  employed  defect  reduc¬ 
tion  techniques  such  as  therasl  cycle  growth  and  strained 
layers  to  iaprove  the  quality  of  the  deposited  filas.  Two 
orders  of  aagnitude  reduction  in  defect  density  and  a  fac¬ 
tor  of  50X  increase  in  the  photoluainescence  intensity 
have  been  observed.  Ne  will  report  on  our  progress  in 
producing  high  quality  GaAs  on  SOI  and  the  coaparison  with 
GaAs  on  Si. 

D4.1 

FUNDAMENTAL  ISSUES  IN  HETEROEPITAXY:  A  DOE 
COUNCIL  OF  MATERIALS  SCIENCE  PANEL  REPORT.  Paul 
S.  Peercy,  Sandia  National  Laboratories, 
Albuquerque,  NM,  (Panel  Chairman) 

A  Panel  comprised  of  members  from  academia, 
government  labs  and  industry  was  convened  by  the 
Department  of  Energy  Council  on  Materials 
Science  January,  1989,  to  assess  the  current 
understanding  of  epitaxy  and,  based  on  this 
understanding,  to  recommend  potentially  fruitful 
research  directions  in  this  area. 

Panel  members  were:  E.  G.  Bauer  (Tech. 
Universitat  Clausthal),  B.  w.  Dodson  (Sandia 
National  Laboratories) ,  D.  J.  Ehrlich  (MIT 
Lincoln  Laboratory) ,  L.  C.  Feldman  (ATiT  Bell 
Laboratories),  C.  P.  Flynn  (U.  Illinois),  M.  W. 
Geis  (MIT  Lincoln  Laboratory),  J.  P.  Harbiaon 
(Bellcore)  ,  R.  D.  Kelley  (DOE-  Basic  Energy 
Sciences),  R.  Matyi  (U.  Wisconsin), 
P.  M.  Petroff  (U.  California-SB) ,  J.  M.  Phillips 
( ATST  Bell  Laboratories),  P.  S,  Peercy  - 
Chairman  (Sandia  National  Laboratories), 
G.  B.  Stringfellow  (U.  Utah)  and  A.  Zangwill 
(Georgia  Inst.  Technology) . 

The  Panel  considered  heteroepitaxy  between 
metals,  insulators  and  semiconductors  and  the 
new  types  of  artificially  structured  materials 
v/hich  can  now  be  grown  by  advanced  epitaxy 
techniques.  The  principal  findings  of  the 
Panel,  with  emphasis  on  future  directions 
identified  by  the  Panel,  will  be  summarized  in 
this  presentation. 


D4.2 

THE  ROLE  OF  AN  INTERFACE  MISFIT  DISLOCATION  IN  BLOCK¬ 
ING  THE  GLIDE  OF  A  THREADING  DISLOCATION  IN  A  STRAINED 
EPITAXIAL  LAYER.  L.  B.  Freund.  J.  C.  Ramirez  and  A.  Bower,  Division 
of  Engineering,  Brown  University,  Providence,  RI. 

A  general  definition  of  the  driving  force  for  glide  of  a  threading  dislocation 
in  a  strained  epitaxial  layer  is  adopted  to  consider  the  interaction  of  dislo¬ 
cations  on  intersecting  glide  planes.  This  definition  of  driving  force  includes 
the  possibility  of  glide  through  a  region  of  spatially  nonuniform  stress,  which 
is  the  situation  in  such  an  interaction.  The  analysis  is  based  on  the  theory 
of  elastic  dislocations. 

For  the  case  of  materials  with  cubic  symmetry  and  an  interface  with  normal 
direction  [001],  a  straight  60  degree  misfit  dislocation  is  assumed  to  exist 
at  the  interface.  This  dislocation  is  supposed  to  have  been  formed  by  glide 
on  a  {111}  plane.  A  threading  dislocation  on  an  intersecting  {111}  plane, 
which  also  leaves  behind  a  60  degree  interface  misfit  dislocation,  approaches 
the  stationary  dislocation.  The  traction  induced  on  the  glide  plane  of  the 
threading  dislocation  by  the  stationary  dislocation  is  determined  for  all 
combinations  of  Burgers  vectors  for  the  interacting  dislocations,  and  the 
influence  of  this  traction  on  glide  is  assessed.  The  results  indicate  that  the 
effect  is  significant  in  blocking  the  glide  of  the  threading  dislocation  for  large 
mismatch  strain  and  for  layer  thickness  near  the  critical  thickness. 

For  the  case  of  an  embedded  strained  layer,  a  kinetic  law  for  thermally 
activated  glide  is  invoked  to  study  the  change  in  shape  of  the  threading 
dislocation  during  interaction  with  a  stationary  misfit  dislocation.  Results 
are  obtained  by  imposing  the  kinetic  law  pointwise  along  the  line  of  the 
threading  dislocation,  where  the  influence  of  the  induced  traction  calculated 
in  the  foregoing  interaction  analysis  is  included  in  the  driving  force.  The 
process  is  simulated  numerically,  and  the  results  support  the  conclusion 
that  the  interaction  can  significantly  retard  the  progress  of  a  threading 
dislocation. 

D4.3 

SURFACE  STRESS  EFFECTS  ON  EPITAXY.  K.  Sieratkkl  and 
R.C.  Cammarata,  Department  of  Materials  Science  and  Engineering,  The 
Johns  Hopkins  University,  Baltimore  Maryland  2)218,  USA 

We  present  an  analysis  of  the  thickness  dependence  on  misfit  required 
for  the  maintenance  of  epitaxy  for  the  simple  overlayer-substrate  system. 

The  analysis  is  similar  to  conventional  equilibrium  elastic  theories  except 
that  we  include  an  extra  term  into  the  overall  energy  balance  which 
arises  from  surface  stress  effects.  As  an  approximation  we  assume 
linear  elastic  behavior  of  the  film.  Physically,  the  effect  of  the  surface 
stress  is  to  introduce  a  thickness  dependent  lattice  parameter  for  the  free 
standing  overlayer,  i.e.,  for  an  overlayer  disconnected  from  the 
substrate.  Consequently,  a  completely  incoherent  interface  is  not 
defined  as  an  overlayer  which  is  relaxed  to  its  bulk  equilibrium  lattice 
parameter,  but  rather  an  overlayer  relaxed  to  a  thickness  dependent 
lattice  parameter  which  is  set  by  the  magnitude  of  the  surface  and 
interfacial  stress  for  interfaces  in  the  system.  Our  results  indicate  that 
surface  stress  effects  can  have  a  significant  effect  on  critical  thicknness. 

For  example  using  typical  values  of  the  relevant  parameters  for  metals,  a 
0.004  positive  misfit  (asubstrate  >  a  film)  results  in  a  critical  thickness 
of  =4.5  nm  when  surface  stress  effects  are  included,  compared  to  a 
value  of  12  nm  when  surface  stress  effects  are  ignored.  For  a  0.004 
negative  misfit  the  critical  thickness  is  predicted  to  be  =18  nm. 
Incorporation  of  non-linear  elastic  effects  into  the  surface  stress  term 
would  alter  these  piedictions,  and  these  studies  are  presently  underway. 

D4 .4 

MICRODIFFRACTION  FROM  CLEAVED  Si-Si).xGex 
MULTILAYERS.  W.  T.  Pike.  Cavendish  Laboratory,  Madingley  Road, 
Cambridge 

Using  the  nanometer  probe  available  in  the  dedicated  scanning 
transmission  electron  microscope  local  structural  information  car,  be 
obtained  from  individual  layers  in  [100]  grown  Si-Si). jGe*  multilayer 
structures.  Furthermore  the  «mall  probe  size  enables  cleaved  specimens 
with  their  very  large  wedge  angles  to  be  analyzed  in  cross-section. 
Diffraction  patterns  are  shown  from  multilayers  of  varying  composition 


133 


and  periodicity.  Analysis  of  the  patterns  concentrates  on  the  higher  order 
Laue  zone  (holz)  reflections  in  the  high  angle  excess  ring  rather  than  the 
holz  deficit  lines  in  die  zero  order  beam  more  usually  recorded,  as  it  has 
proved  difficult  to  obtain  consistently  clear  deficit  patterns.  The  behaviour 
of  the  excess  holz  reflections  indicates  die  transition  from  a  strained  layer 
superlattice  to  a  dislocated  structure  as  the  thickness  of  the  layers 
increases  for  a  given  composition.  These  results  are  discussed  with 
respect  to  possible  strain  relaxation  mechanisms  in  these  samples. 

D4.5 

ELECTRON  CHANNELING  ANALYSIS  OF  ELASTIC  STRAINS  IN 
InGaAs  THIN  FILMS.  R.  Keller.  W.  Zielinski,  W.W. 
Gerberich,  and  J.  Kozubowski,  University  of 
Minnesota,  Minneapolis,  MN . 

Elastically-strained  layers  in  thin  film  systems 
have  received  a  great  deal  of  attention  recently. 
Of  particular  interest  are  the  opto-electronic 
processes  in  these  strained  systems  and  their 
potential  failure  due  to  defect  mechanisms. 
Proper  characterization  of  the  elastic  and  plastic 
strain  fields  arising  from  lattice-mismatched 
epitaxy  is  therefore  essential  to  a  better 
understanding  of  these  items . 

InxGa1_, As  (x-0.05)  thin  films  were  grown  by  MBE  on 
(100)  GaAs  substrates.  The  associated  1.3% 
lattice  mismatch  resulted  in  the  development  of  an 
elastic  strain  field  in  the  system.  Electron 
channeling  patterns  (ECP)  were  then  obtained  from 
these  samples  in  an  SEM  at  different  accelerating 
voltages.  This  allowed  ECP's  to  be  obtained  from 
various  information  depths  within  the  samples. 
Crystallographic  data  was  therefore  collected  from 
borh  sides  of  the  InGaAs/GaAs  interface  after  the 
entire  system  was  produced.  An  image  analysis 
system  was  used  to  measure  interplanar  spacings 
and  hence  elastic  strains  from  the  patterns. 

Lateral  strains  parallel  to  the  interface  varied 
with  distance  from  the  interface.  The  strain 
fields  also  varied  with  film  thickness. 
Implications  on  misfit  dislocation  formation  and 
the  relevance  of  the  ECP  technique  for  elastic 
strain  characterization  will  be  discussed. 

Dq  .  6 

GROWTH  AND  RELAXAlivn  OF  STRAINED  HETEROSTRUCTURES.  J . Y. 
Tsao .  Sandia  National  Laboratories,  Albuquerque.  NM 
87185. 

How  growth  conditions  correlate  with  the  structural  per¬ 
fection  of  strained  epitaxial  films  is  an  interesting  and 
fundamental  materials  science  question.  The  original 
equilibrium  theories  of  van  der  Merwe,  Matthews,  and 
coworkers  predicted  that,  below  a  critical  thickness, 
lattice  mismatch  would  be  accomodated  entirely  by  film 
strain.  Above  this  thickness,  film  strain  would  be  partly 
relieved  by  misfit  dislocations. 

In  many  semiconductor  systems  of  interest,  however,  these 
theories  are  too  simple.  Often,  structures  which  should 
exhibit  strain  relief  do  not,  and  other  structures  which 
should  not,  do.  The  issue  is  not  merely  an  academic  one: 
current  state-of-the-art  heterostructure  devices  require 
epitaxial  layers  as  highly  strained  as  possible.  In  this 
talk,  recent  work  will  be  reviewed  which  has  helped 
resolve  this  question,  and  which  has  led  to  a  unified  view 
of  the  stability  and  metastablllty  of  strained  epitaxial 
films. 

This  work  was  performed  at  Sandia  National  Laboratories 
and  was  supported  by  the  U.S.  Department  of  Energy  under 
Contract  DE-AC04-76DP00789. 


D4.7 

ALTERNATE  ROUTES  TOUARD  MISMATCH  ACCOMODATION  IN  STRAINED- 
LAYER  STRUCTURES.  Brian  W,  Dodson.  Sandia  National  Labs, 
Albuquerque,  NM  87185 

A  great  deal  of  work  on  the  problem  of  stability  and 
relaxation  of  strained- layer  structures  has  recently  been 
carried  out.  This  has  led  to  a  basic  understanding  of 
mismatch  accomodation  via  biaxial  strain  and  the 
mechanisms  and  associated  kinetics  of  structural  relaxa¬ 
tion  via  plastic  flow.  Accomodation  of  lattice  mismatch, 
however,  need  not  be  accomplished  solely  by  biaxial  strain 
and/or  glissile  misfit  dislocations.  Other  possible 
approaches  include  interdiffusion,  formation  of  ordered 
alloys,  spinodal  decomposition,  lattice  tilt,  and  various 
forms  of  pseudomorphic  growth.  In  this  paper,  the  roles 
of  lattice  tilt,  3-d  growth  mode,  and  glissile  generation 
of  edge  dislocations  will  be  discussed,  based  on  continuum 
and  atomistic  models  of  the  energetics  of  the  competing 
structures . 

This  work  was  performed  at  Sandia  National  Laboratories 
and  was  supported  by  the  U.S.  Department  of  Energy  under 
Contract  DE - ACOA - 76DP00789 . 

D4.8 

A  STUDY  OF  DISLOCATION  BENDING  PROCESSES  AT 
STRAINED  LAYER  INTERFACES.  S.A.  Hussien,  N.A.  El-Masrv. 
J.CX.  Tarn,  J.-R.  Gong  end  S.M.  Bedair.  Electrical  and  Computer 
Engineering  Department,  N.C.  State  University,  Raleigh,  North 
Carolina 

An  energy  model  was  developed  to  evaluate  the  minimum  critical 
layer  thickness  in  strained  layer  structures  that  is  required  to  block 
threading  dislocations.  The  model  calculates  the  change  in  the  sys¬ 
tem  energy  that  results  from  the  presence  of  a  bent  dislocation  seg¬ 
ment  at  the  strained  interface.  Calculations  show  that  a  threading 
dislocation  has  to  overcome  an  energy  barrier  before  gliding  along 
the  interface,  indicating  that  the  bending  process  is  thermally 
activated.  Also,  bending  of  the  dislocations  becomes  more  favorable 
by  increasing  the  value  of  the  strain  and/or  thickness  of  the  strained 
film. 

The  predictions  of  this  model  were  experimentally  verified  by  investi¬ 
gating  the  interaction  of  dislocations  with  strained  layer  superlattices 
in  GaAs  grown  on  Si.  Three  sets  of  GaAsP/InGaAs  strained  super¬ 
lattice  buffer  layer  structures  were  epitaxially  stacked,  with  layers 
having  the  lowest  strain  closest  to  the  GaAs/Si  interface.  The  values 
of  the  strain  used  in  this  study  were  0.0075,  0.0108  and  0.0135.  Such 
structures  were  studied  by  TEM,  both  as  grown  and  after  cycle 
annealing.  We  found  that  the  length  of  the  bent  dislocation  segment 
increases  with  the  value  of  strain,  and  annealing  greatly  enhances  the 
process  of  dislocation  bending. 

We  will  report  on  how  the  above  findings  can  impact  in  the  quality 
of  GaAs  grown  on  Si  substrates. 

D4.9 

DISLOCATION  DENSITY  REDUCTION  IN  GaAs  EPILAYERS  ON 
SILICON  USING  STRAINED  LAYER  SUPERLATTICES.  S. 
Sharan,  M.  Sanganeria,  K.  Jagannadham  and  J.  Narayan,  Dept, 
of  Materials  Science  and  Engineering,  North  Carolina  State 
University,  Raleigh  ,  NC  27695-7916 

We  have  investigated  the  role  of  strained  layer  superlattices 
(InGaAs/GaAs)  in  reducing  the  threading  dislocation  density  in 
GaAs  epilayers  grown  on  silicon  substrates  by  Organometallic 
Chemical  Vapor  Deposition.  Various  combinations  of  superlattice 
layers  have  been  used  to  study  the  effect  of  superlattice  period, 
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thickness  and  composition  on  the  reduction  of  dislocation  density. 
The  interaction  of  threading  dislocations  with  the  strained  layer 
superlattices  has  been  studied  using  cross-section  and  plan  view 
transmission  electron  microscopy.  The  use  of  the  strained  layer 
superlattices  is  found  to  lower  the  threading  dislocation  density  in 
the  epilayers.  The  period  and  the  thickness  of  the  supertattice 
layers  have  been  tailored  such  that  misfit  dislocations  are  formed 
by  the  bending  of  threading  dislocations  and  not  by  nucleation  of 
misfit  dislocations.  We  have  developed  a  model  for  analyzing  the 
bending  of  threading  dislocations  at  the  strained  superlattice 
interfaces.  This  model  is  based  on  the  energy  balance  between 
the  coherent  energy  of  the  superlattice  and  the  energy  required  to 
bend  threading  dislocations  at  the  supertattice  interface. 

D4.10 

THE  KINETICS  OF  STRAIN  RELAXATION  IN  InGaAs/GaAs 
STRAINED  MULTILAYERS  David  C.  Paine  and  Morgan  Kurk,  Brown 
University.  Providence,  Rhode  Island,  and  Robert  N.  Sacks,  Timothy  C. 
Eschrich,  and  William  J.  Tanski,  United  Technologies  Research  Center, 
East  Hartford,  Connecticut. 


In  this  paper  we  report  on  our  studies  of  strain  relaxation  in  highly  strained 
lnxGa(i.ji)As/GaAs  (0.1<x<0.3)  multilayers  grown  by  MBE  on  GaAs  at 
420°C  We  have  characterized  defect  densities  and  strain  relaxation  using, 
principally,  TEM  and  double  crystal  X-ray  techniques.  The  thickness  of  the 
films  that  were  studied  (20  periods  repeating  with  -  10  nm  InGaAs/10  nm 
GaAs)  far  exceeds  the  critical  thickness  predicted  by  strain  energy 
calculations.  Nevertheless,  the  as-grown  misfit  dislocation  density  that  was 
measured  is  well  below  this  level  due  to  limited  defect  nucleation  and 
growth  kinetics  at  the  deposition  temperature.  We  have  studied  the  rate  at 
which  strained  films  relax  as  a  function  of  post-growth  annealing  time  and 
temperature. 

A  global  activation  energy  was  determined  for  dislocation  nucleation  and 
growth  in  our  system  by  determining  the  degree  of  relaxation  (dislocation 
density)  as  a  function  of  time  and  temperature.  To  do  this  we  performed 
proximity  anneals  at  temperatures  between  500  and  1100  °C  in  a  RTA  and 
measured,  by  plan  view  TEM,  the  resulting  dislocation  density.  In 
addition,  long  time  anneals  (from  1  to  48  hrs)  at  the  growth  temperature 
(420°Q  were  used  to  accurately  determine  the  rate  of  defect  nucleation  and 
growth  that  is  expected  during  multilayer  deposition  in  the  MBE. 

In  addition,  defect  interaction  and  multiplication  mechanisms  have  been 
documented.  For  example,  cross-sectional  TEM  micrographs  have  been 
obtained  that  strongly  suggest  a  mechanism  for  the  formation  rtf  V-shaped 
defects  in  the  GaAs  buffer  layer.  We  have  shown  that  the  strain  field 
around  certain  groups  of  dislocations  in  the  multilayers  can  locally  force  a 
misfit  (with  a  perpendicular  line  direction  and  parallel  Burgers  vector)  lying 
in  the  substrate/multilayer  interface  into  the  substrate. 


D5  1 1 

PROPLRT1ES  AND  DEVICE  APPLICATIONS  OF  Si,..Ge.  ALLOYS 
Subramuuan  S  Iyer.  IBM  Research  Division.  TJ.  Watson  Research  Center,  PO 
Box  218  Yorlnown  Heights.  NY  10598. 

L'sing  low  temperature  epitaxial  growth  techniques,  pseudomorphic  Si,.,Ge,  al¬ 
loys  may  be  grown  either  on  Si  substrates  or  on  suitably  modified  relaxed  buffer 
layers  of  differing  composition  and  lattice  constant.  It  is  thus  possible  to  synthesize 
heterostructures  with  a  wide  variety  of  band  gaps  and  relative  band  alignments. 
Such  structures  have  several  device  applications,  such  as  heterojunction  bipolar 
transistors  and  resonant  tunnelling  diodes.  In  this  paper  we  review  the  properties 
Si  Si,.,Ge,  heterostructures  in  the  context  of  device  processing.  These  include 
considerations  for  the  growth  of  abrupt  heterostruclures,  and  the  stability  of  the 
heterostructures  to  thermal  processing  and  oxidation.  Heterojunction  bipolar 
transistors  with  Si,.,Gc,  bases  and  resonant  tunnelling  devices  have  been  fabri¬ 
cate!:  We  review  the  design  criteria  and  present  some  principal  results.  It  will  be 
shown  that  the  use  of  Si,.,Ge,  alloys  can  provide  significant  leverage  in  Si  tech¬ 
nology. 


D5.2 

THE  GROWTH  MECHANISM  OF  EPITAXIAL  SiGm 
HETEROSTRUCTURES  PRODUCED  BY  WET  OXIDATION  OF 
AMORPHOUS  SiG«  THIN  FILMS.  S.M.  Prokmrn.  U.S. 
Naval  Research  Laboratory,  Washington,  D.c. 
20375;  and  A.K.  Rai,  Univaraal  Energy  Systems, 
Inc.,  Dayton,  OH  45432. 


Epitaxial  SiGe/Si  structures  have  been  formed 
by  annealing  from  amorphous  siGa  films  deposited 
on  a  Si (100)  substrata  at  a  prasaura  of  1x10’’ 
Torr.  Under  vacuum  or  nitrogen  ambient 
annealing,  the  resultant  films  ware 
polycrystalline,  but  when  subjected  to  wet 
oxidation  at  900 *C,  they  ware  found  to  be 
epitaxial.  The  results  which  will  be  discussed 
indicate  that  the  prasanca  of  an  initial  native 
oxide  precludes  solid  phase  epitaxy  (SPE)  under 
standard  annealing  conditions,  but  epitaxy  can 
be  achieved  under  oxidation  conditions.  The 
sffset  of  initial  Ga  concentration  on  the 
oxidation  rata,  oxide  trapping  of  Ga,  and  the 
epitaxial  growth  rata  will  also  be  covered.  The 
analysis  techniquss  applied  include  reflection 
electron  diffraction  (RED) ,  ellipsometry,  cross- 
sectional  and  plan-view  TEH,  and  Rutherford 
Backscatter ing . 


D5.3 

SOLID  PHASE  EPITAXIAL  REGR0UTH  OF  Ge  Si.  ON  | 100 ]  Si 
O . Z . Hong ,  A.J.Yu,  J.U. Mayer,  Department  of  Materials 
Science  and  Engineering,  Cornell  University,  Ithaca,  Nev 
York  14853;  J.M.Poate,  J.C.Bean,  D. J . Eaglesham,  AT&T  Bell 
Labs,  Murray  Hill,  Nev  Jersey  07974 


Solid  phase  epitaxial  regrovth  of  Ge  Si,  (4X<x<60X)  on  Si 
has  been  investigated.  The  MBE  gfovh  5e  Si,  was  first 
amorphized  by  300-500  keV  Si  ion  beaml  Before  being 
annealed  in  a  vacuum  furnace  in  the  temperature  range  of 
475  to  575  °C.  For  samples  with  lov  Ge  content(x<8Z) ,  the 
epitaxial  regrovth  proceeded  in  a  layer  by  layer  fashion, 
vith  the  regrovth  rate  linearly  proportional  to  the 
annealing  time.  The  minimum  yield  recovered  to  4Z  vhen  the 
entire  film  vas  recrystallized.  Hovever  samples  vith  more 
Ge  concentrations  exhibited  a  non-planar-recrystalizat ion 
behavior,  as  indicated  by  both  Rutherford  backseat tering 
spectrometry  and  transmission  electron  microscopy. 
Furthermore  the  minimum  yield  of  the  Ge  rich  samples  after 
regrovth  vas  several  times  larger  than  that  in  the 
as-deposited  state. 


D5.4 

SOLID  PHASE  EPITAXIAL  REGROWTH  OF  SiGe  STRAINED  LAYERS 
AMORPHIZED  BY  ION  IMPLANTATION.  B.  J.  Robinson. 

B.T.  CHILTON  4  D.A.  Thompson,  Centre  for  Eleccrophotonic 
Materials  and  Devices,  McMaster  University,  Hamilton,  Ont., 
Canada  L8S  4M1. 

Capped  strained  layers  of  Sij_  Ge  on  (100)  Si  grown  by 
molecular  beam  epitaxy  and  initially  coherent  have  been 
amorphized  by  ion  implantation  at  4 OK  with  120  keV  As'*', 
Subsequently,  the  structures  have  been  regrown  by  solid 
phase  epitaxy  at  600°C  for  300s.  Rutherford  backscattering/ 
channeling  and  transmission  electron  microscopy  have  been 
used  to  characterize  the  structure  of  the  layer  before 
and  after  implantation,  and  after  regrovth.  The  measure¬ 
ments  yield  the  range  of  concentration  and  strained  layer 
thickness  over  which  solid  phase  epitaxy  can  be  used  to 
recover  the  iiitial  coherency  strain.  Results  are  compared 
with  theoretical  models  of  equilibrium  and  metastable 
strain  states. 
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D5.5 

REDUCTION  OF  DEFECT  DENSITY  IN  HETEROEPIT AXIAL  Ge  Si, 
GROWN  ON  PATTERNED  Si  SUBSTRATES.  E.A.  Fitzgerald,  FE 
Freeland,  Y.-H.  Xie,  AT&T  Bell  Laboratories,  Murray  Hill,  NJ  07974. 

We  have  grown  MBE  Ge_Si,x  semiconductor  alloys  on  mesas  fabricated  on 
(001)  Si  substrates.  Single  layer  films  with  x<0.S  were  deposited  on  mesas 
25-200  microns  in  lateral  dimensions,  as  well  as  large  area  control  specimens. 
Threading  dislocation  densities  were  measured  with  chemical  etching  and 
transmission  electron  microscopy  (TEM),  and  misfit  dislocations  were  revealed 
using  chemical  etching  and  plan-view  TEM. 

For  low  strain  levels,  we  see  a  reduction  in  misfit  and  threading  dislocation 
densities  as  compared  with  the  unpattemed,  large  area  growth.  Wet-etching 
shows  a  large  decrease  in  threading  dislocation  density,  and  we  observe  mesas 
in  TEM  which  are  dislocation-free.  The  effect  of  heterogeneous  nucleation 
sources  of  misfit  dislocations  are  limited  to  the  mesa  which  contains  the 
source;  i.e.  the  yield  of  low  defect  density  area  increases  due  to  the 
confinement  of  the  dislocation  source. 

For  high  strain  levels,  the  average  misfit  dislocation  length  becomes  much  less 
than  our  25  micron  mesa,  resulting  in  less  effective  defect  reduction.  We  will 
discuss  our  latest  results  concerning  defect  reduction  for  layers  with  higher 
misfit  stress. 

By  examining  relaxation  of  heleroepitaxial  films  with  a  range  of  strain  levels 
on  mesas,  a  clear  correlation  is  made  between  the  amount  of  relaxation  in  a 
strained  film  and  the  available  sources  for  misfit  dislocation  nudeation. 

D5.6 

EXPERIMENTAL  STUDIES  OF  KINETIC  EFFECTS  IN 
STRAINED  LAYER  EPITAXY  R.Hull  and  J.C.  Bean,  AT&T  Bell 
Laboratories.  GOO  Mountain  Avenue, "Murray  Hill,  NJ  07974. 

The  relaxation  kinetics  of  strained  layer  epitaxy  in  the 
Ge,Si|_,/Si  system  is  studied  by  transmission  electron  microscopy 
(TEM;  of  structures  which  are  annealed  both  in-situ  and  ex-situ 
from  the  microscope,  ln-situ  annealing  in  the  TEM  allows  direct 
dynamic  observation  of  the  introduction,  propagation  and 
interaction  of  misfit  dislocations.  Annealing  in  the  original 
molecular  beam  epitaxy  growth  chamber  serves  as  a  control  for  the 
in-situ  annealing  experiments,  and  also  allows  us  to  investigate  the 
effects  of  the  presence/absence  of  an  amorphous  surface  native 
oxide  on  dislocation  nucleation  and  propagation. 

The  in-situ  experiments  enable  us  to  quantify  and  to  decouple 
dislocation  nucleation,  propagarion  and  interaction  processes.  The 
relative  importance  of  these  processes  depends  crucially  upon  layer 
thicknesses  and  compositions  and  upon  the  structure  geometry. 
At  low  lattice  mismatch  strains  (x  <  —0.25  in  GexSi]_x), 
relaxation  is  nuclealion-limited  as  the  density  of  pre-existing  defect 
sources  in  the  material  is  insufficient  to  allow  effective  relaxation. 
At  higher  strains  extra  sources,  such  as  half-loop  nucleation  at  the 
growth  surface,  are  generated.  Dislocation  velocities  vary  widely 
from  A.sec-1  to  ^m.sec-1  at  the  growth  temperature  of  550°C, 
depending  upon  the  structure  geometry.  Single  GexSi,_x  layers 
t.rown  upon  a  free  Si  surface  are  very  thermally  unstable: 
annealing  to  temperatures  >  the  initial  growth  temperature 
immediately  initiates  motion  of  pre-existing  dislocations. 
Comparable  GexSii_x  layers  buried  beneath  a  Si  cap  of  the  order 
of  thousands  of  A  thick,  however,  exhibit  far  greater  thermal 
stability,  with  dislocation  velocities  three  orders  of  magnitude 
lower  than  in  the  single  interface  structure.  Finally,  we  find  that 
dislocation  interactions  can  be  the  crucial  limiting  process  in 
determining  the  strain  relaxation  rate  in  very  thin  epilayers,  inter- 
dislocation  forces  defining  an  effective  "critical  thickness"  below 
which  defects  may  pin  each  others  motion. 

D5.7 

THE  2D-3D  TRANSITION  IN  THE  MBE  GROWTH  OF  Ge/Si 
D.J.  Eaglesham  and  M.  Cerullo,  AT&T  Bell  Laboratories,  600 
Mountain  Avenue,  Murray  Hill,  NJ  07974,  USA 

The  growth  of  Ge  and  high  Ge  content  alloys  on  Si  is  a  subject 
of  increasing  technological  interest,  particularly  at  high  Ge 


levels  where  the  band  offsets  are  large.  The  maximum  Ge 
content  attainable  during  growth  of  such  films  is  normally 
imposed  by  the  transition  from  2D  layer-by-layer  growth  to  3D 
island  growth.  Previous  RHEED  and  RBS  studies  of  very  thin 
Ge  layers  have  suggested  that  islands  forming  at  this  unwetting 
transition  are  already  relaxed  by  misfit  dislocations. 

Here  we  present  a  study  of  the  nucleation  and  growth  of  Ge 
(and  high-Ge  alloys)  on  Si  (and  SiGe)  by  MBE.  A  combination 
of  in-situ  RHEED  and  Auger  with  ex-situ  TEM  is  used  to  study 
the  kinetics  of  the  transformation  as  a  function  of  temperature, 
and  surface  cleanliness.  It  is  shown  that  islands  are 
dislocation-free  when  formed,  and  grow  without  the 
introduction  of  misfit  dislocations  up  to  island  thicknesses  far 
in  excess  of  the  critical  thickness  (up  to  «10  hc).  This 
phenomenon  is  explained  in  terms  of  strain  relaxation  by 
island  deformation.  The  implications  of  these  observations  for 
the  growth  of  high-Ge  alloys  are  discussed. 

D5.8 

MORPHOLOGY  OF  GE  FILMS  GROWN  LAYER  BY  LAYER  ON  SKP01)  F.K 
LcGoues.  M.  Cope!  and  R  M  Tromp  IBM  Research  Division.  Thomas  J  Waison 
Research  Cemer.  Yorkiown  Heights,  NY  10598 

Tbe  preferred  mode  of  growth  (or  germanium  on  Si(OOl)  is  layer  by  layer  for  three 
monolayers,  followed  by  islandiDg.  The  resulting  morphology  consists  of  a  com¬ 
pletely  relieved  Ge  layer,  where  the  relief  is  accomplished  by  a  network  of  dislo¬ 
cations.  In  the  present  work,  we  have  studied  tbe  morphology  of  15  monolayers 
thick  Ge  films  that  have  been  forced  to  grow  layer  by  layer  by  saturating  the  Si  sur¬ 
face  with  As  prior  to  Ge  growth.  In  this  case,  no  dislocations  are  observed.  Instead, 
the  strain  is  relieved  by  a  novel,  never  before  observed  defect,  consisting  of  two  29 
boundaries  and  a  twin  plane.  These  defects  are  formed  catastrophically  and  only 
involve  local  rearrangement  of  atoms.  We  explain  this  unusual  morphology  by  tbe 
absence  of  nucleation  sites  for  dislocations  during  layer  by  layer  growth.  This  also 
means  that  islanding,  or  rather,  the  edges  of  island  must  be  a  necessary  condition  for 
dislocation  formation  during  MBE. 

DS.9 

MISFIT  DISLOCATION  NUCLEATION  AND  MULTIPLICATION  AT 
GexSii-  X/Si  INTERFACES.  D.D.  Perovic,  G.C.  Weatherly,  Dept,  of 
Metallurgy  and  Materials  Science,  University  of  Toronto,  Toronto  Canada 
M5S  1A4;  and  D.C.  Houehton.  Division  of  Physics,  National  Research 
Council,  Ottawa  Canada  K1A  0R6. 

In  the  study  of  elastic  strain  relaxation  in  semiconductor  heterostructures,  a 
number  of  misfit  dislocation  generation  mechanisms  have  been  suggested 
to  account  for  the  high  interfacial  dislocation  density  observed  in  these 
almost  defect-free  crystals.  Several  GexSit.x/Si  heterostructures,  both  in 
the  as- grown  and  annealed  condition  have  been  studied  using  transmission 
electron  microscopy.  The  results  indicate  that  some  of  the  popular  theories 
of  dislocar  >n  generation  are  less  important  or  not  applicable  based  on  both 
theoretir  and  experimental  considerations.  Specifically,  it  will  be  shown 
that  (i)  Jterogeneous  sources  in  these  so-called  "perfect'  crystals  play  a 
dominant  role  in  the  operative  nucleation  mechanisms,  (ii)  the  Hagen- 
Strunk  dislocation  nucleation  mechanism  is  inoperative  under  most 
conditions  in  this  system  and  (iii)  the  strain  relaxation  behaviour  during 
growth  may  be  different  from  that  observed  in  metastable  structures 
annealed  after  growth. 

D5.10 

DISLOCATION  BEHAVIOUR  IN  Oe*Sii.x  EPILAYERS  ON  (001)Si; 

EP  Kv»m*>.  d.M.  Maher**,  and  C.J.  Humphreys*, ’Department  of 
Materials  Science  and  Engineering,  The  University,  Liverpool  L69  3BX, 
1  Lawrence  Berkeley  Laboratory,  1  Cyclotron  Road,  Berkeley,  CA  94720, 
*AT&T  Bell  Laboratories,  600  Mountain  Ave,  Murray  Hill,  NJ  07974 

We  have  observed  that  the  nature  of  misfit  dislocations  introduced 
near  the  critical  thickness  in  GexSi].,  alloys  on  (001)Si  changes  markedly 
in  the  region  0.4  £  x  S  0.5.  At  or  below  the  lower  end  of  this 
compositional  range,  the  observed  microstructure  is  comprised  almost 
entirely  of  60°  type  dislocations,  while  at  the  high  end,  the  dislocation 
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structure  is  almost  entirely  Lomer  edge  type.  As  a  consequence  of  this 
change,  the  dislocation  density  at  the  top  of  the  epilayer  varies  by  a  factor 
o i  1000.  Similarly,  several  other  observables  (e.g.  dislocation  length  and 
spacing)  also  change  appreciably. 

Pan  of  the  reason  for  the  morphological  variation  seems  to  be  a 
change  in  the  source  for  dislocation  introduction,  in  conjunction  with  a 
change  in  glide  behaviour  of  dislocations  as  a  function  of  film  thickness. 
Evidence  will  be  presented  that  indicates  strain,  as  well  as  thickness,  has  a 
critical  value  for  some  dislocation  introduction  mechanisms,  and  that  these 
together  determine  die  resulting  microstructure. 

Furthermore,  it  appears  unlikely  that  the  edge-type  Lomer 
dislocations  which  appear  at  about  x  >  0.5  are  either  introduced  directly  by 
climb,  or  grown  in,  as  in  the  three-dimensional  island  growth  and 
coalescence  which  occurs  when  x  approaches  unity.  Instead,  a  two-step 
mechanism  involving  glissile  dislocations  is  proposed  and  discussed. 

D6.1 

MHTASTABILITY  IN'  SINGLE  CRYSTAL  EP1LAYERS  AND 
SUPERLATTICES  CROWN  BY  MbP  R.  Du  and  CP  Flynn 
Materials  Research  Laboratory  and  Department  of  Phyics, 
University  of  Illinois  at  Urbana-Champaign,  104  S-  Coodwin, 
Urban*,  1L  61801 

We  have  discovered  that  the  (ll02)  pianos  of  hexagonal  ,i>. .  .Is 
can  be  giown  tilted  on  the  211  planes  of  Dec  metals.  The  ep. 
grows  a»  a  coherent,  unstrained  single  crystal.  In  effect  it  fO'ms  c 
low  angle  asymmetrical  tilt  boundary  with  the  substrate.  A 
regular  arrangement  of  dislocations  evidently  glides  to  the 
Interface  driven  by  the  long  range  epitaxial  strain,  thereby 
relieving  the  elastic  strain  energy.  Tilt  angles  up  to  7’  can  be 
designed,  and  the  angle  predicted  from  the  requirement  of 
ir.terfacial  roherence  with  zero  lone  ran»*  »*-;L  u.  .  .t 
range  0-7*  the  observed  tilt  an[  rs  a^ree  v  it.*,  the  predictio  n  to 
0.1’.  Intertada!  processes  w.  h  'his  elega  .  -e,  precision  and 
simplicity  do  not  appear  to  l.avv  been  observed  before.  Tne 
selection  of  one  of  two  equi'  alent  tilts  "nvolves  a  symmetry 
breaking  that  depends  on  the  mi -.cut  of  the  sapphiio  substrates 
employed  here  for  bcc  growiA.  pv.saible  applications  of 
superlattlces  prepared  in  this  wa*  for  x-ray  and  neutron  optics 
are  dlscussc-d. 

This  research  was  support'd  in  j  rt  by  t!  e  Department  of 
Energy,  Division  of  Materials  Sci  r-e  -or.trt  ■?  DE-Ar 02- 
76ER01198. 

D6.2 

MICROSTRUCTURE  OP  FCC/BCC  METAL  MULTI LAYERS .  Nigel . M ■ Jennett 
and  D.J.Dingley,  Dept.  Physics,  Bristol  University,  England. 
Y.Ando,  Dept.  Applied  Physics,  Nagoya  University,  Japan. 

Metal  multilayers  of  Fe/Cu,  V/Cu  and  Fe/Ni  have  been  grown 
in  either  HV  or  UHV  evaporators  for  the  investigation  of 
magnetic  properties.  A  buffer  layer  of  800-1500A  Cu  was 
used  between  mica  substrate  and  multilayer.  Systematic 
experiments  were  performed  to  investigate  microstructure  as 
a  function  of  vacuum  quality  and  substrate  temperature. 

Cu/Fe  foils  grown  between  100®C  and  500°C  at  2-4x10  7  mbar 
exhibited  a  complex  structure  in  which  the  Cu  grew  in  (111) 
epitaxy  and  the  Fe  divided  between  the  Kurd jumov-Sachs  and 
Nishiyama-Wassermann  orientation  relationships  and  with  a 
lath-like  microstucture  reminiscent  of  martensitic  needles 
in  ferritic  steels.  These  laths  grew  laterally  with 
increasing  foil  thickness,  approximately  maintaining  a 
constant  aspect  ratio  and  perturbed  the  foil  surface  such 
that  the  surface  morphology,  as  observed  by  SEM, 
corresponded  closely  to  the  lath  distribution.  In  general, 
perfection  of  microstructure  was  much  improved  by  growing  in 
UHV  conditions.  Lower  contamination  rates  allowed  a  slower 
evaporation,  a  higher  surface  mobility  and  thus  a  reduction 
in  the  substrate  temperature  necessary  to  achieve  epitaxy. 
With  increasing  temperature,  foils  were  polycrystalline  and 
of  uniform  thickness  (< 100*0 i  rough  with  columnar  grains  of 


increasing  sire  ( 1 50<T<300*C) i  flat  with  simultaneously  good 
epitaxy  (approx.  300° C);  perfect  epitaxy  but  discontinuous 
as  material  migrated  over  the  surface  into  single  crystal 
islands  ( >345*0.  The  window  of  conditions  for  complete 
coverage  by  flat  single  crystal  is  narrow  and  shifts  with 
changes  in  surface  nucleation  density.  Subsequent  layers 
follow  the  buffer  layer  morphology  closely  therefore  flat, 
almost  perfect-crystal  buffer  layers  were  grown  and  then 
recrystallised,  without  roughening,  by  an  in  situ  anneal. 


D6 . 3 

AN  INVESTIGATION  OF  THE  DISLOCATION  STRUCTURE  OF  THE 
Nl/AG  PHASE  BOUNDARY.  Thomas  A.  Bamford.  Wilkes  College, 
Wilkes-Bane,  PA. 

The  Ni/Ag  interphase  boundary  structure  in  the  parallel  cube-on-cube 
orientation  was  studied  for  the  boundary  planes  (001)  and  (01 1). 

Coarsely  spaced  dislocations  were  found  in  all  annealed  interfaces;  the 
origin  of  these  was  apparently  differential  thermal  expansion  of  the 
bicrystal  film.  A  detailed  search  for  intrinsic  periodic  structure  consistent 
with  the  O-lattice  construction  was  made  using  X-ray  diffraction,  electron 
diffraction  and  transmission  electron  microscopy  .  No  evidence  for  this 
could  be  found;  such  a  relaxation,  if  present,  is  very  weak.  It  is  unlikely 
that  such  a  small  relaxation  could  account  for  the  relative  energy  minimum 
associated  with  the  parallel  cube-on-cube  orientation  found  by  previous 
investigators. 

D6.4 

EPITAXIAL  GROWTH  OF  Cu-Ni  SINGLE  CRYSTAL  ALLOYS  AND 
SUPERLATTICES  BY  MOLECULAR  BEAM  EPITAXY. 

R.P.  Burns,  Research  Triangle  Institute,  Research  Triangle  Park,  NC  and 
Department  of  Physics,  North  Carolina  State  University,  Raleigh ;  Y.H. 
Lee,  Department  of  Materials  Science  and  Engineering,  North  Carolina 
State  University,  Raleigh ;  N.R.  Parikh,  Department  of  Physics  and 
Astronomy,  University  of  North  Carolina,  Chapel  Hill ;  J.B.  Posthill,  M.  J. 
Mantini,  R.J.  Markunaa,  Research  Triangle  Institute,  Research  Triangle 
Park,  NC 

Epitaxial  growth  io  the  Cu-Ni  system  is  presently  being  explored  as  a 
means  of  fabricsting  a  lattice  matched,  defect  free  substrate  for  either 
the  direct  deposition  of  diamond,  or  for  deposition  of  a  suitable  inter¬ 
layer  to  promote  diamond  nucleation.  Epitaxial  metal  films  have  been 
grown  by  molecular  beam  epitaxy  which  are  of  higher  quality  than 
commercially-available  single  crystal  substrates.  Since  the  lattice  con¬ 
stants  of  Cu  (a^  —  0.3615  nm)  and  Ni  (a^,  —  0.3524  nm)  straddle  that  of 
diamond  (a,  —  0.3567  nm),  lattice-matched  epitaxial  alloys  can  be  fabri¬ 
cated  for  a  wide  range  of  diamond  growth  parameters.  Cu-Ni  epitaxial 
alloys  of  varying  composition  have  been  grown  at  the  150-300  *  C  range 
to  investigate  the  possible  occurrence  of  spinodal  decomposition,  which 
bss  been  reported  in  the  literature.  Spinodal  decomposition  has  not  been 
detected  with  transmission  electron  microscopy.  Strained  layer  superlat¬ 
tices  have  also  been  grown  in  order  to  potentially  deflect  dislocations  ori¬ 
ginating  at  the  substrate/epilayer  interface.  Multilayers  and  superlat¬ 
tices  of  varying  composition  and  thicknesses  will  be  discussed.  In  vacuo 
cleaning  techniques  and  subsequent  characterization  by  AES,  XPS,  and 
LEED  of  the  bulk  substrates  have  been  developed  and  will  be  described. 
Determination  of  the  structural  quality  of  the  grown  films  has  been  made 
by:  XRD,  SEM,  TEM,  RBS/cbanneling,  and  LEED.  AES  and  XPS 
demonstrate  that  epitaxial  metal  films  can  be  grown  free  of  impurities 
(particularly  carbon)  that  are  normally  found  in  bulk  substrates. 

D6.5 

STRUCTURAL  AND  ELECTRONIC  PROPERTIES  OF  Pb/Cu 
MULTILAYERS.  Dominique  Neerinck,  Kristiaan  Temst,  Hans 
Vanderstraeten,  Yvan  Bruvnseraede,  Laboratorium  voor  Vaste 
Stof-Fysikaen  Magnetisme,  Katholieke  Universiteit  Leuven,  B-3030 
Leuven,  Belgium;  and  Ivan  K.  Schuller,  Physics  Department  -  B019, 
University  of  California-San  Diego,  La  Jolla,  California 92093,  USA. 

We  have  prepared  Pb/Cu  multilayered  structures  on  liquid  nitro¬ 
gen  cooled  substrates  (for  layer  thicknesses  below  200  A)  and  on 
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room  temperature  substrates.  The  high  angle  X-ray  diffractioi. 
spectrum  indicates  the  presence  of  interfacial  disorder  of  a  contin¬ 
uous  kind  (crystalline/amorphous  like).  In  the  low  angle  spectrum 
pronounced  minima  occur  at  positions  given  by  q=2r/A,  where 
A  is  the  bilayer  thickness.  This  is  in  contradiction  with  Pb/Ge 
(crystalline/amorphous)  multilayers,  where  minima  are  observed 
at  positions  q=2x/D  with  D  the  Pb  thickness.  This  behavior  is  ex¬ 
plained  by  taking  into  account  the  optical  properties  of  the  individ¬ 
ual  layers.  The  electronic  elastic  mean  free  path  in  the  individual 
layers,  obtained  from  resistivity  measurements,  is  limited  by  the 
layer  thickness  for  the  thinnest  samples,  while  a  saturation  occurs 
for  the  thicker  layers.  This  saturation  is  probably  due  to  the  poorer 
structural  quality  of  the  thicker  samples. 

This  work  is  supported  by  the  Belgian  Concerted  Action  (G.O.A.), 
Inter-University  Attraction  Poles  (I.U.A.P.)  and  I.I.K.W.  programs, 
(at  K.U.  Leuven)  and  the  U.S.  Department  of  Energy  grant  #  DE- 
FG03-87ER45  (at  U.C.S.D.).  International  travel  was  provided  by 
NATO.  D.N.  is  a  Research  Assistant  of  the  Belgian  N.F.W.O.  and 
K.T.  and  H.V.  are  Research  Fellows  of  the  Belgian  I.I.K.W. 

D6.6 

SURFACE  STRESS  EFFECTS  ON  THE  ELASTIC  MODULI  OF 
SUPERLATTICE  THIN  FILMS.  R.C.  Cammarata.  K.  Sieradzki,  and 
F.  Streitz,  The  Johns  Hopkins  University,  Baltimore,  MD21218. 

A  model  is  presented  which  predicts  a  significant  sample-size  effect  on 
the  elastic  moduli  of  superlattice  thin  films  possessing  small  layer  repeat 
lengths.  Due  to  the  presence  of  incoherent  interfacial  stresses,  biaxial 
in-plane  elastic  strains  are  created  which  are  approximately  inversely 
proportional  to  the  layer  repeat  length  A..  When  A  is  of  the  order  of 
lnm,  these  strains  can  be  of  the  order  of  1%,  inducing  nonlinear  elastic 
behavior.  This  model  is  able  to  explain  in  a  semi-quantitative  way  the 
supermodulus  effect  in  certain  metallic  superlattices. 

D6.7 

ANALYSIS  OF  Au/Ni  MULTILAYERS  BY  X-RAY  DIFFRACTION.  J. 
Chaudhuri .  S.  Shah,  V.  Gondhalekar,  Mech.  Eng.  Dept,  and 
The  Inst,  for  Aviation  Research,  The  Wichita  State  Univ., 
Wichita,  KS  67208;  and  A.  F.  Jankowski,  Lawrence  Livermore 
National  Laboratory,  Livermore,  CA  94550. 

Profiles  of  strain  within  individual  layers  in  Au/Ni  multi¬ 
layer  system  were  obtained  by  Iterative  fitting  of  the 
experimental  diffraction  pattern  with  a  kinematic  model . 

The  depth  profile  of  strain  in  the  modulation  direction  was 
obtained  for  these  metallic  multilayers  with  repeat  period¬ 
icities  ranging  from  1.19  nm  to  4.26nm.  An  attempt  was  made 
to  correlate  the  "super-modulus  effect”  present  in  the  Au/Ni 
system  with  the  strain  distributions  obtained  from  this 
kinematic  model.  A  significant  volume  fraction  of  inter¬ 
faces  is  present  in  these  nanometric  scaled  periodic  struc¬ 
tures. 

D6.8 

ELASTIC  PROPERTIES  OF  FCC-FCC  METALLIC 
MULTILAYERS1, .  John  R.  Dulcher,  Sukmock  Lee.  J*ha  Kim. 
Craig  D.  England.  George  1.  Stegeman  and  Charles  M.  Falco.  Optical 
Sciences  Center  and  Department  of  Physics.  University  of  Arizona, 
Tucson.  AZ  85721. 

The  surface  acoustic  phonon  modes  of  sputter-deposited  Ag-Pd  and 
Cu-Co  multilayers  were  studied  using  Brillouin  light  scattering. 
Both  of  these  metal  combinations  are  fcc-fcc.  Enhancements  of  the 
biaxial  modulus  (the  " supermodulus  effect")  have  been  reported  for 
Ag-Pd1  and  other  fcc-fcc  multilayers  near  a  multilayer  modulation 


wavelength  value  of  A  -  25A.  We  have  measured  the  dispersion  of 
the  phonon  mode  velocities  for  Ag-Pd  and  Cu-Co  multilayers  as  a 
function  of  A  for  samples  with  A  in  the  range  I0A  to  I00A.  The 
A-dependence  of  the  effective  elastic  constants  of  the  multilayer 
samples,  which  was  obtained  by  comparing  the  data  with  calculated 
dispersion  curves  for  the  phonon  modes,  will  be  discussed. 

fwork  supported  by  Office  of  Naval  Research  grant  NOOOI4-88-K- 
0298 

‘G.E.  Henein  and  J.E.  Hilliard,  J.  Appl.  Phys.  54,  728  (1983). 

D6.9 

EPITAXIAL  Fe/Ag  AND  Mn/Ag  SUPERLATTICES.  S.  Nalnn.  and 
L.  Salamanca- Young,  University  of  Maryland,  College  Park,  Ml)  20742; 
and  1).  T.  Jonker,  J.  J.  Krebs,  and  G.  A.  Prinz,  Naval  Research  Labo¬ 
ratory,  Washington,  DC  20375-5000. 

We  studied  the  epitaxial  growth  and  structural  properties  of  Fc/Ag  and 
Mn/Ag  superlattices  grown  on  (001)  GaAs  substrates  using  Transmis¬ 
sion  Electron  Microscopy.  A  buffer  layer  of  either  Ag  or  ZnSe  was  grown 
on  the  (001)  GaAs  substrate  before  the  growth  of  the  superlattice  to 
obtain  good  quality  films. [1],  [2]  Both  Fe/Ag  and  Mn/Ag  superlattwes 
with  Ag  buffer  layer  show  very  sharp  interfaces.  In  the  Fe/Ag  super- 
lattice  the  in-plane  <  100  >  direction  of  Fe  is  parallel  to  the  <  110  > 
direction  of  Ag.  In  this  configuration  the  Fe  layer  maintains  its  bulk 
bcc  structure.  On  the  contrary,  in  the  Mn/Ag  superlattice  our  results 
show  that  the  growth  of  the  Mn  layer  is  pseudomorphic  with  the  Mn 
layer  being  fet  rather  than  bet.  Both  fet  and  bet  structures  had  been 
suggested  to  be  possible  structures  for  this  layer.[2]  The  structure  of 
the  Mn  layers  in  the  superlattice  is  studied  as  a  function  of  Mn  layer 
thickness.  Our  TEM  results  show  that  both  kinds  of  superlattices  have 
similar  densities  of  dislocations  of  «  109cm~J.  Some  of  the  disloca¬ 
tions  originate  within  the  superlattice  film  and  others  in  the  Ag  buffer 
layer.  The  dislocations  are  edge  dislocations  with  Burgers  vectors  along 
<  1 10  >  directions.  The  densities  of  dislocations  for  the  Fe/ Ag  super¬ 
lattices  grown  on  a  ZnSe  buffer  layer  were  s»  109cm~3.  We  will  present 
detailed  studies  of  the  interfaces  in  the  superlattices  as  well  as  the 
interface  between  the  Fe  seed  layer  and  the  GaAs  substrate. 

The  work  by  S.  N.  and  L-S-Y  was  supported  by  the  National  Science 
Foundation  No.  DMR-S7-10S17. 

(Ij  J.J.  Krebs,  B.T.  Jonker,  and  G.A.  Prinz,  J.  Appl.  Phys,  G3.  3467, 
(1988). 

[2]  B.  T.  Jonker,  J.J.  Krebs,  ana  G.A.  Prinz,  Phvs.  Rev.  B39, 
1399,(1989). 

Db.10 

GROWTH  AND  CHARACTERIZATION  OF  (Mn/Ag)  (001) 
SUPERLATTICES,*  B.T.  Jonker.  Y.U.  Idzerda,  J.J.  Krebs  and  G.A.  Prinz, 
Naval  Research  Laboratory,  Washington,  DC.  20375-5000. 

In  an  attempt  to  stabilize  the  bcc  phase  of  Mn,  predicted  to  be 
ferromagnetic, *'2  we  have  grown  single  crystal  Mn  films  and  coherent 
(Mn/Ag)  superlattices  on  Ag(001)  by  MBE.^  In  a  simple  constant  volume 
approximation  based  on  the  Wigner-Seitz  radius  of  o-Mn,  one  would 
expect  a  bcc  lattice  constant  of  2.89  A,  while  recent  total  energy 
calculations  predict  an  equilibrium  lattice  constant  of  2.79  A.^  Thus  the 
2.89  A  square  surface  net  of  the  Ag(001)  plane  is  expected  to  provide  a 
good  template  with  which  to  stabilize  the  bcc  structure. 

The  Ag(001)  substrate  films  were  grown  on  5  monolayer  (ML)  Fe(001) 
seed  layers  grown  on  ZnSe(OOI)  epilayers,  which  were  grown  in  turn  on 
bulk  GaAs(OOl)  substrates.  The  superlattices  had  20  to  100  periods,  with 
periods  consisting  of  1,  2,  3,  5  and  14  ML's  of  Mn  and  10-15  ML’s  of 
Ag.  The  structure  of  the  samples  was  determined  from  a  combination  of 
RHEED,  x-ray  diffraction,  and  conversion  electron  extended  x-ray 
absorption  fine  structure  measurements.  X-ray  6-26  scans  show 
prominent  and  well-resolved  multiple  satellite  structure  around  the  high 
angle  Ag  Bragg  peaks,  as  well  as  low  angle  diffraction  peaks  produced 
by  the  superlattice  period.  We  find  that  although  the  Mn(00l)  films  are 
pseudomorphic  with  the  substrate  and  exhibit  the  desired  2.89  A  square 
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surface  net,  they  are  tetragonally  distorted  along  the  surface  normal, 
with  an  out-of-plane  lattice  parameter  which  decreases  with  increasing 
film  thickness  up  to  5  ML.  Films  thinner  than  3  ML  (corresponding  to 
one  complete  unit  cell)  are  nearly  fee,  while  by  5  ML  they  exhibit  a 
body-centered  tetragonal  structure  which  does  not  change  with  additional 
thickness.  Beyond  approximately  14  ML,  the  films  cannot  maintain  the 
single  crystal  phase.  These  results  are  compared  with  corresponding  x- 
ray  photoelectron  diffraction  data.  We  detect  no  significant 
ferromagnetic  contribution  at  temperatures  down  to  5  K. 

1.  G.  Fuster  el  al„  Phys.  Rev.  B  38,  423  (1988). 

2.  V.L.  Moruzzi  and  P.M.  Marcus,  Phys.  Rev.  B  38,  1613  (1988). 

3.  B.T.  Jonker,  J.J  Krebs  and  G.A.  Prinz,  Phys.  Rev.  B  39,  1399  (1989). 

*  This  work  was  supported  by  the  Office  of  Naval  Research. 

D6.ll 

FORMATION  AND  STRUCTURE  OF  Mo  THIN  LAYERS  ON 
Ni(001)  AND  Mo-Ni  SURERLATTICES.  Y.H.  Lee,  Department  o/ 
Materials  Science  and  Engineering,  North  Carolina  State  Univer¬ 
sity,  Raleigh,  A'C;  R.P.  Burns,  Research  Triangle  Institute, 
Research  Triangle  Park,  NC  and  Department  of  Physics,  North 
Carolina  State  University,  Raleigh  ;  J.B.  Posthill,  M.J.  Mantini  and 
R.J.  Markunas,  Research  Triangle  Institute,  Research  Triangle 
Park.  NO,  K.J.  Bachmann,  Department  of  Materials  Science  and 
Engineering,  North  Carolina  State  University,  Raleigh,  NC. 

He:  Leteroepiiaxial  diamond  growth.  Mo  along  with  certain  other 
transition  metals  are  considered  to  be  possible  substrates  because 
of  their  reactivity  with  carbon.  However,  Mo  is  not  lattice-matched 
to  diamond.  The  formation  of  a  metastable,  pseudomorphic  over- 
layer  of  Mo  (normally  bcc,  ao=0.314nm)  on  diamond-lattice- 
matching  single  crystal  surfaces  like  Ni  (fee,  ao=0.352nm)  and 
metallic  multilayers  represents  a  possibility  for  combining 
enhanced  chemical  reactivity  with  lattice  matching. 
lTltrathin(<2nm)  overlayers  of  Mo  have  been  grown  by  molecular 
beam  epitaxy  on  single  crystal  Ni(001)  substrates.  A  systematic 
study  by  in  situ  LEED,  XPS  and  AES  on  overlavers  of  varying 
thicknesses  was  used  to  determine  the  nucleation  and  growth 
processes  of  these  thin  films.  Thicker  layers  of  Mo(>50nm)  and 
superlattices  of  Mo-Ni  system  were  also  grown  on  Ni(001).  Assess¬ 
ment  of  the  Mo/Ni(001)  system  and  the  Mo/N’i/Mo/Ni:001)  super¬ 
lattices  was  made  utilizing  LEED,  SEM,  TEM  and  XRD.  Composi¬ 
tion  was  determined  via  in  situ  XPS  and  AES. 

D7 . 1 

MATERIALS  AND  DEVICE  PROPERTIES  OF 
LATTICE-MATCHED  AND  PSEUDOMORPHIC  InP  BASED 
HETEROSTRUCTURES 
Umesh  K.  Mishra  and  April  S.  Brown 
N.C.State  University,  Raleigh  N.C. 

’Cornell  University,  Ithaca,  N.Y. 

GalnAs  based  HEMTs  and  HBTs  are  superior  for  high  frequency 
applications  than  GaAs  based  devices  because  of  the  better  electronic 
transport  properties  in  GalnAs.  The  electron  mobility  is  13,000 
cm2/V-S  and  the  conduction  band  discontinuity  between  Al  igln  .jAs 
and  Ga47In53As  is  0.51eV,  all  higher  than  the  GaAs  baseo  system. 
Furthermore,  the  low  bandgap  of  GalnAs  (,74eV)  reduces  the 
emitter-base  turn-on  voltage  of  the  HBT,  substantially  reducing  the 
power  dissipation.  The  large  conduction  band  discontinuity  coupled 
with  the  high  doping  possible  in  Al^ln^jAs  (Nd>lxl0jq  cm'2) 
provides  for  large  two  dimensional  electron  gas!(2DEG) 
concentrations  in  modulation  doped  structures.  2DEG  channels 
formed  at  single  heterostructures  nave  exhibited  sheet  resistances  as 
low  as  130  ohm/sq.  compared  to  700  ohm/sq.  obtained  from 
AlGaAs/GaAs  structures.  By  growing  pseudomorphic  (In  rich)  Ga  47 
InJ3+u  on  Al  ^In jjAs  enhancements  in  conduction  band 
discontinuity,  electron  mobility,  2DEG  density  and  electron 
confinement  are  realized.  These  materials  properties  have  been 
utilized  to  produce  discrete  HEMTs  with  fT>  200GHz,  ring  oscillators 
with  room  temperature  gate  delay  of  6pS  and  frequency  dividers 
operating  at  26.7GHz.  Discrete  HBTs  have  demonstrated  a  fT  of 


49GHz  and  a  f  of  62GHz  whereas  static  frequency  dividers  have 
operated  at  15GHz.  Optimization  of  MBE  growth  conditions  of 
GalnAs  and  AlInAs  on  (100)  InP  and  vicinal  substrates  and  their 
impact  on  device  performance  will  be  discussed. 


D7.2 

MATERIALS  AND  DEVICE  CHARACTERISTICS  OF  PSEUDO¬ 
MORPHIC  AIGaAs-InGaAs-GaAs  and  AllnAs-InGaAs-lnP  HIGH 
ELECTRON  MOBILITY  TRANSISTORS  J.M  Balling  all.  Pin  Ho,  G  J 
Tessmer,  P.A.  Marlin,  T.H.  Yu.  P  C.  Chao.  P.M  Smith  and  K  G  H  Duh. 
General  Electric  Electronics  Laboratory,  Syracuse,  NY  13221 
(INVITED). 

High  electron  mobility  transistors  (HEMTs)  with  single  quantum  well 
active  layers  composed  of  pseudomorphic  inGaAs  grown  on  GaAs  and 
InP  are  establishing  new  standards  of  performance  for  microwave  and 
millimeter  wave  applications.  This  Is  due  to  recent  progress  In  the 
molecular  beam  epitaxial  growth  of  strained  InGaAs  heterostructures 
coupled  with  developments  in  short  gate  length  (sub-0. 2vm)  device 
fabrication  technology.  This  paper  reviews  this  progress  and  the 
current  state-of-the-art  for  materials  and  devices. 

The  critical  thickness  for  strained  layer  structures  Is  now  generally 
recognized  to  be  a  function  of  epitaxial  growth  conditions,  with  growth 
temperature  being  the  key  parameter  apparently  controlling  misfit 
dislocation  kinetics.  This  has  enabled  the  growth  of  InGaAs  quantum 
wells  with  higher  InAs  mole  fractions  (and  hence  strains)  than  previously 
attainable,  resulting  in  metastable  strained  layer  HEMTs.  i.e..  with 
strains  exceeding  the  currently  accepted  limits  for  stability  against  misfit 
dislocation  formation.  While  dislocations  can  now  be  controlled  to  a 
greater  extent  than  previously,  there  is  mounting  evidence  that  strain 
strongly  influences  growth  kinetics  and  hence  layer  quality,  independent 
of  dislocation  formation. 

Increasing  the  InAs  mole  fraction  of  the  quantum  well  provides 
substantial  enhancement  of  the  active  layer  electron  confinement 
potential  and  the  effective  electron  velocity,  more  than  offsetting  any 
deleterious  effects  of  strain  on  transistor  performance.  While  strain  is 
generally  considered  a  risk  factor  for  the  reliability  of  electronic  devices, 
It  Is  notable  that  the  reliability  of  HEMTs  with  active  layer  strains 
exceeding  2%  appears  to  be  comparable  to  conventional  GaAs  field 
effect  transistors.  This  research  is  partially  supported  by  the  Air  Force 
Office  of  Scientific  Research  (AFSC)  Contract  F49620-88-C-0054 
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X-RAY  DIFFRACTION  STUDY  OF  InAlAs-InGaAs  ON  InP 
HIGH  ELECTRON  MOBILITY  TRANSISTOR  STRUCTURE 
PREPARED  BY  MOLECULAR-BEAM  EPITAXY.  H.  Y.  LIU. 
Y.  C.  Kao  and  T.  S.  Kim.  Central  Research  Laboratories,  P.O. 
Box  C5593G,  MS  147,  Texas  Instruments  Inc.,  Dallas,  TX  752G5 

High-Electron  Mobility  Transistors  (HEMTs)  can  be  prepared 
by  growing  alternating  epitaxial  layers  of  InAlAs-InGaAs-InAlAs 
on  InP  substrates.  Lattice  matched  HEMTs  are  obtained  by 
growing  layers  of  InTAl(,.x)As  and  In„Ga(1_>)As  with  z  ~  0.523 
and  y  ~  0.532.  Varying  the  values  of  z  and  y  by  controlling  the 
individual  flux  during  molecular-beam  epitaxial  (MBE)  growth, 
one  can  obtain  pseudomorphic  HEMTs.  Pseudomorphic  HEMTs 
may  have  superior  electronic  transport  properties  and  larger  con¬ 
duction  band  discontinuity  compared  to  an  unstrained  one.  The 
precise  control  of  the  composition  is  thus  important  to  the  prop¬ 
erties  of  HEMTs.  This  control  is  however  very  difficult  and  the 
values  of  z  and  y  may  vary  from  run  to  run. 

In  thispaper  we  will  study  the  effect  on  the  electrical  prop¬ 
erties  of  HEMTs  due  to  the  structure  variation  of  z  and  y  values 
as  well  as  the  thickness  of  the  InGaAs  layer.  We  will  demon¬ 
strate  that  all  this  structure  information:  including  composition 
and  thickness  of  both  the  buffer  and  top  InAlAs  layers  and  the 
active  channel  InGaAs  layer,  can  be  obtained  by  double  crystal 
x-ray  diffraction.  They  can  be  revealed  from  the  analysis  of  the 
fine  features  of  the  double-crystal  rocking  curves  (DCRCs).  These 
structure  parameters  are  obtained  by  comparing  the  experimen¬ 
tal  DCRC  with  the  one  from  computer  simulation  according  to 
semi-kinematical  approximation.  During  the  simulation  one  or 
more  of  these  structure  parameters  are  adjusted  until  the  best 
fitted  DCRC  is  obtained.  Hall  measurements  will  be  used  to  co¬ 
relate  with  x-ray  diffraction  results.  The  limitation  of  DCRC  in 
measuring  small  variations  in  channel  layer  thickness  and  small 
changes  in  composition  for  both  InAlAs  and  InGaAs  layers  will 
also  be  discussed. 
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STRUCTURAL  AND  ELECTRONIC  PROPERTIES  OF  GaAs/InGaAs/GaAs 
HETEROSTRUCTURES.  J.M.  Bonar,  R.  Hull,  RJ.  Malik,  and  R.W.  Ryan,  AT&T 
Bell  Labs,  Murray  Hill  NJ;  and  J.F.  Walker,  Laboraiono  TASC,  Trieste,  Italy. 

We  have  examined  a  series  of  samples  consisting  of  200A  ln,Ga,_,As  layered  in  a 
hetero-junction  bipolar  transistor  (HBT)  structure  (lnIGal.lAs  on  GaAs,  followed  by 
GaAs,  AIGaAs  and  a  GaAs  cap)  in  order  to  correlate  structural,  electronic,  and  device 
properties  with  In  concentration.  In  this  study,  x  was  varied  from  0  to  0.S,  which 
spans  the  range  from  pscudom orphic  growth  to  layers  well  above  the  critical  thickness. 

Dislocation  densities  were  measured  by  Transmission  Electron  Microscopy  (TEM). 
The  average  distance  between  dislocations  was  found  to  be  greater  than  the  TEM 
detection  limit  for  x<0.30.  For  X— 0.30,  the  distance  between  dislocations  was  on  the 
order  of  1-5  microns,  with  the  dislocations  observed  being  of  the  expected  1,/2<110> 
type.  For  a  layer  thickness  of  200A,  30%  In  exceeds  the  equilibrium  definition  of 
critical  thickness.  The  dislocation  density  observed  also  the  expected  density 

if  the  only  dislocation  sources  are  threading  defects  bom  the  substrate.  One  possible 
extra  source  we  have  observed  is  misfit  dislocations  which  are  asuvini^d  with  stacking 
bulls.  For  X20.40,  the  distance  between  dislocations  was  much  less,  on  the  order  of 
thousands  of  angstroms  or  less,  the  dislocation  structure  was  more  disordered,  and  the 
samples  showed  evidence  of  3-dimensional  growth.  Several  of  the  samples  were 
annealed  in  the  microscope  in  order  to  gain  insight  into  how  dislocations  form  and 
move  in  this  system. 


erogeneous  decomposition  of  the  In  species,  was  developed  for  this 
purpose.  Several  different  mechanisms  are  postulated,  based  on  ex¬ 
perimental  data  obtained  from  a  mass  spectrometric  study.  The 
activation  energies  for  the  decomposition  reactions  were  obtained  by 
fitting  the  theoretical  composition  of  GalnAs  with  the  experimen¬ 
tal  values  for  growth  at  700°C.  These  models  were  then  compared 
with  experimental  results  over  a  wide  range  of  growth  parameters 
such  as  susceptor  temperature,  susceptor  slope,  reactor  pressure  and 
reactant  partial  pressure.  Excellent  correlation  was  obtained  for 
a  model  based  on  the  homogeneous  decomposition  of  a  TEI-AsH3 
adduct  to  a  stable  product  via  an  irreversible  bimolecular  reaction, 
with  an  activation  energy  of  11.9  kcal/gmol. 


This  study  resulted  in  the  development  of  a  model  which  describes 
the  nature  of  the  chemical  processes  that  lead  to  indium  depletion. 
The  rate  expression  for  this  depletion  can  be  used  to  predict  the 
growth  rate  and  composition  of  GalnAs  for  a  wide  range  of  reactor 
parameters. 
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Hall  measurements  were  made  on  structures  with  p-type  doped  In  layers.  The  hole 
mobility  initially  increased  with  addition  of  In,  peaking  at  x».10,  with  a  corresponding 
drop  in  sheet  resistance.  N-p-n  HBT  structures  were  also  made,  these  devices  showed 
substantial  improvement  in  gain  with  the  addition  of  some  In,  rising  bom  ^  ■  149  at  x 
-0iofJ-190xtx«  0.1,  then  monotonically  dropping  with  In  concentration  to  (3  «  1 
at  x  m  0.5.  The  fact  that  the  electrical  characteristics  mid  device  performance  degraded 
before  the  dislocation  density  was  high  enough  to  be  measured  by  TEM  demonstrates 
that  for  mismatched  systems  with  low  defect  levels,  electrical  and  device  performance 
are  far  more  sensitive  measures  of  dislocation  formation. 
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MELD  EFFECT  TRANSISTOR  STRUCTURE  BASED  ON  STRAIN  INDUCED 
POLARIZATION  CHARGES  D.L. Smith.  Los  Alamos  National  Labora¬ 
tory,  Los  Alamos,  NM,  87545,  R.T. Collins,  T.F.Kuech,  I.8.M. 
T.J. Watson  Research  Center,  Yorktown  Heights,  NY,  10598 
C  Mailhiot,  Xerox  Webster  Research  Center,  Webster,  NY, 
14580. 

Strained  layers  have  been  utilized  in  many  device  structures. 
The  tunability  of  the  bandgap  with  layer  strain  has  been  the 
focus  of  most  of  these  device  related  studies.  However,  when 
growth  of  the  strained  layer  structure  occurs  along  a  polar 
direction  of  the  crystal  internal  electric  fields  arising 
from  the  piezo-electric  effect  can  be  internally  generated 
by  the  induced  polarization  charges.  We  suggest  a  new  field 
effect  transistor  structure  based  on  strain  induced 
polarization  charges.  The  structures  utilize  the  pseudo- 
morphic  growth  of  a  barrier  layer  on  a  substrate  oriented 
in  a  polar  direction  (i.e.<lll>,  <211>,  ..).  Polarization 
charges  are  generated  in  large  bandgap  material,  used  as  a 
gate  insulator.  A  20  electron  gas,  whose  density  can  be 
modulated  by  an  external  bias,  forms  at  the  hetero-interface 
to  screen  the  polarization  charges.  Zero  bias  densities  of 
several  times  lC'e/cm J  and  turn-off  threshold  voltages  of 
0.5V  can  be  achieved  in  the  Ga,In,.„As-A1,In,.,As  model  system. 
Both  normally-on  and  normally-off  structures  are  possible. 

D7.6 

THE  EFFECT  OF  INDIUM  DEPLETION  ON  THE 
COMPOSITION  OF  OMVPE  GROWN  GaAs.  P.D.  Aunello.  T.J. 
Watson  Research  Center,  IBM,  Yorktown  Heights,  NY;  P.B.  Chinoy 
and  S.K.  Ghandhl,  Rensselaer  Polytechnic  Institute,  Troy,  New 
York  12180. 


We  present  an  experimental  and  theoretical  study  of  the  nature 
of  Indium  depletion  in  the  OMVPE  growth  of  GalnAs  from  tri- 
ethylindium  (TEI),  trimethylgallium  (TMI)  and  arsine  (AsHj).  A 
mathematical  model,  including  the  effects  of  homogeneous  and  het- 


HETERO JUNCTION  STUDY  OF  GaQ  9InQ  ,As (p+) /GaAs (n) 
DIODES  :  CORRELATION  OF  ELECTRICAL  AND  STRUCTURAL 
CHARACTERISTICS.  Y.W.Choi  and  C.R.Wie,  State 
University  of  New  York  at  Buffalo,  Department  of 
Electrical  and  Computer  Engineering  and  Center 
for  Electronic  and  Electrooptic  Materials, 
Amherst  ,  New  York  14260;  K.R. Evans  and 
C.E.Stutz,Wright-Peterson  Air  Force  Base,  Ohio 

The  effects  of  in-plane  lattice  mismatch  in 
electrical  characteristics  have  been  studied  for 
MBE  grown  Ga0  gln0  1As(p+)/GaAs(n)/GaAs(n+) 
samples.  Different  in-plane  mismatch  was 
introduced  by  a  variation  of  epilayer  thickness 
(h-0.1,0.25,0.5  and  1  um) .  Double  crystal  X-ray 
rocking  curve  (XRC) ,  Optical  Beam  Induced  Current 
(OBIC) ,  and  Nomarski  Micrograph  were  used  for 
structural  characterization.  The  depth-dependent 
OBIC  images  show  that  the  photo-induced  carriers 
are  not  sensitive  to  the  surface  cross-hatched 
patterns.  The  lifetime  of  photo-induced  carriers 
are  strongly  affected  only  in  regions  near  the 
mismatched  hetero-interface  due  to  the  misfit 
dislocations.  Capacitance-Voltage  measurements 
at  different  frequencies  show  a  higher  frequency 
dispersion  for  a  greater  lattice  mismatch.  From 
the  frequency  dependence  of  the  C-V  curve,  we 
obtain  the  interface  state  density  as  a  function 
of  the  in-plane  mismatch.  Interface  state  density 
was  estimated  using  the  effective  parallel 
capacitance  and  conductance  components  and  a  bulk 
series  resistance.  We  also  report  the  temperature 
dependent  Current-Voltage  characteristics. 
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SURFACE  CROSS-HATCHED  MORPHOLOGY  ON  STRAINED  III-V 
SEMICONDUCTOR  HETEROSTRUCTURES,  K.  H.  Chane.  D. 
Srolovitz,  R.  Gibala,  Department  of  Materials  Science  and  Engineering, 
P.  K.  Bhattacharya,  Department  of  Electrical  Engineering  and  Computer 
Science,  and  J.  F.  Mansfield,  Electron  Microbeam  Analysis  Laboratory, 
The  University  of  Michigan,  Ann  Arbor,  MI  48109-2136. 

An  important  phenomenon  of  the  growth  of  strained  heteroepitaxial  III-V 
compound  semiconductors  is  "surface  perturbation”.  The  surface 
morphology  of  the  strained  epitaxial  layer  is  generally  mirror-like  when 
observed  by  regular  optical  microscopy,  but  a  surface  cross-hatched 
pattern  is  revealed  when  Nomarski  interference  is  applied.  This  quasi- 
periodic  perpendicular  surface  pattern  propagates  along  [1101  *nd  [110] 
directions  with  the  (001)  growth  orientation.  This  unique  surface 
morphology  can  greatly  affect  device  fabrication  processing.  In  this 
paper,  heteroepitaxial  strained  InxGai-xAs  layers,  with  x  varying  from  0 
to  0.5,  were  grown  on  (001)  GaAs  substrates  by  molecular  beam  epitaxy 
(MBE).  We  present  results  of  the  correlation  between  the  surface 
morphology  and  the  interfacial  line  defects  produced  in  the  strained 
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growth  by  Nomarski  interference  optical  microscopy  and  transmission 
electron  microscopy  (TEM)  studies.  Three  aspects  of  surface  cross- 
hatched  patterns  have  been  studied:  the  dependency  of  the  growth 
temperature,  the  misfit  percentage  and  the  strained  layer  thickness.  The 
surface  pattern  is  clearly  seen  on  samples  grown  at  high  temperature 
(520°C)  and  those  with  small  lattice-mismatched  (e  <  2%)  systems.  A 
poorly  defined  cross-hatched  morphology  was  found  on  layers  grown  at 
relatively  low  temperature  (400°C).  As  the  lattice  mismatch  of  the  strained 
layer  becomes  larger  than  2%,  a  roughly  textured  surface  morphology  is 
commonly  observed  in  place  of  actual  cross  hatching.  Few  threading 
dislocations  are  observed  in  the  strained  layer  when  the  cross-hatched 
surface  morphology  exists.  It  is  also  noted  that  the  surface  cross-hatched 
pattern  developes  after  the  majority  of  the  interfacial  misfit  dislocations  are 
generated.  The  result  suggests  that  the  surface  cross-hatch  pattern  is 
directly  related  to  the  generation  of  interfacial  misfit  dislocations. 

D7 . 9 

THERMAL  STABILITY  OF  STRAINED  InCaAs/GaAs  SINGLE 
QUANTUM  WELLS  B.  Elman.  Emil  S.  Koteles,  P.  Melman,  C.A. 
Armiento,  and  C.  Jagannath,  GTE  Laboratories  Inc.,  Waltham,  MA 

The  stability  of  strained  layer  structures  with  respect  to  high 
temperature  anneals  is  of  particular  importance  because  of  its 
implications  in  device  fabrication.  In  this  work  we  present 
interesting  results  on  the  structural  stability  of  InGaAs/GaAs 
strained  single  quantum  wells  (SQW)  with  a  variety  of  indium 
compositions  and  well  widths  close  to  critical  thickness  values.  The 
samples  were  grown  by  molecular  beam  epitaxy  and  were  subjected 
to  furnace  annealing  or  ion  implantation  with  75 As  at  35  keV 
followed  by  rapid  thermal  annealing.  Photoluminescence  (PL) 
measurements  were  used  to  monitor  excitonic  transitions.  As  a 
result  of  heat  treatment,  changes  in  low  temperature  PL  spectra 
were  observed  and  used  to  evaluate  the  stability  of  strained  SQWs. 
We  report  on  both  strain  relief  and  strain  recovery.  Strain  relief  was 
observed  in  wide  SQWs.  Narrow  PL  peaks  from  these  as-grown 
quantum  wells  were  split  into  a  broad  peak  at  lower  energy  and  a 
narrow  peak  at  higher  energy  which  is  consistent  with  partial 
relaxation  toward  the  equilibrium  condition  as  a  result  of  heat 
treatment.  Strain  recovery  was  observed  in  higher  indium 
composition  narrow  quantum  wells  which  were  grown  partially 
relaxed  (with  a  lo-v  dislocation  density).  In  this  case,  significant 
narrowing  in  PL  linewidths  was  observed  indicating  that  thermal 
annealing  of  dislocations  was  taking  place.  We  emphasize  that 
although  strained  layers  provide  enhanced  flexibility  in  band- 
structure  engineering,  these  structures  can  be  significantly  modified 
(even  degraded)  during  commonly  used  processing  procedures. 
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APPLICATION  OF  GaAs-AlGaAs  SUPERLATTICE  STRUCTURE  FOR 
FABRICATING  HIGH  BREAKDOWN  VOLTAGE  POWER  MISFET.  W.C.  Liu, 
W.S.  Lour,  R.L.  Wang,  and  W.C.  Hsu.  Department  of 
Electrical  Engineering.  National  Cheng  Kung  University, 
Tainan,  Taiwan,  Republic  of  China. 


A  new  power  MISFET  with  undoped  GaAs-AlGaAs 
superlattice  gate  "insulator"  and  buffer  structure  has 
been  fabricated  successfully.  The  superlattice  gate 
"insulator"  exhibits  a  nuch  higher  gate  breakdown  voltage 
(  >  35V)  with  very  low  prebreakdcwn  leakage  current  and  a 
lower  gate  capacitance  (C  ).  Due  to  the  existence  of  gate 
"insulator",  a  higher  carrier  concentration  can  be  used  in 
the  active  channel  which  i/qproves  the  output  drain  current 
drivability  and  transconductance .  If  the  gate  length  is 
reduced  to  1  in,  a  higher  transcoiiductance  up  to  330  rnS/nm 
can  be  obtained.  An  output  power  ueiisity  of  0.7  W/mm  has 
been  achieved  by  the  nonoptimized  structure  and  dimension. 

The  insertion  of  superlattice  buffer  structure, 
between  active  channel  and  buffer  layer,  offers  an 


excellent  carrier  confinement  and, provides  an  interface 
degraded  region  smaller  than  40  A.  In  addition,  the 
superlattice  buffer  structure  can  getter  greatly  deep 
level  inpurities  and  defects  from  substrate  or  buffer 
layer. 

In  sirmary,  the  GaAs-AlGaAs  superlattice  structure  is 
suitable  for  fabricating  high  power,  high  frequency  and 
lew  noise  MISFET. 
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Resonant  Tunneling  Transistors 
anti  Quantum  EiTert  Devices 

l  i  tit  ricu  t  i, 

AT'.  :  It' 11  l.:u.,ir:.i..ri— 

Murray  Hill.  \J  tllUT  I 


Recent  advances  in  quantum  electron  devices  are  ['resettled.1  Thi--  nett 
class  of  structures  lias  jtoieiiliai  for  circuits  with  greatly  reduced  eout|, lexity  and 
multiple  valued  logic.  Resonant  tunneling  bipolar  transistors,  microwave 
muliisiaie  transistors,  and  their  circuit  applications,  and  superlattice  base 
transistors* will  be  discussed. 


I.  F.  Capasso  et  al..  IEEE  Trans.  Electron.  Dev..  Special  Issue  on 
1  leterostructure  Transistors.  19S0.  In  Tress. 
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DIFFRACTION  STUDIES  OF  THE  GROWTH  OF  STRAINED  EPITAXIAL 
FILMS. *  G.J.  Whaley  and  P . I  Cohen .  Department  of 
Electrical  Engineering,  Unlverelty  of  Minnesota, 

Minneapolis,  MN  55455 

Reflection  high-energy  electron  diffraction  (RHEED)  is 
sensitive  to  the  changes  in  lattice  constant,  growth  mode, 
surface  morphology,  and  surface  structure  that  occur  during 
the  growth  of  lattice -mismatched  epitaxial  films.  During 
the  growth  of  InCaAe  on  CaAs(lOO)  by  molecular  baam  epitaxy 
the  diffracted  intensity  of  the  specular  beam  is  observed  to 
oseillate  in  time  corresponding  to  ieyer-by- layer  growth. 

The  intensity  decreases  more  sharply  than  the  homoepltaxlal 
case,  perhaps  due  to  e  change  in  the  surface  Debye-Waller 
factor ,  The  beams  broaden,  depending  upon  the  scattering 
angle.  Indicating  en  increase  in  the  surface  step  density. 
The  background  intensity  increases  dua  to  an  lncreasad 
density  of  point  defacts.  The  separation  of  tha  diffracted 
beams,  to  within  the  limits  of  the  technique,  ere  unchanged 
up  until  a  strain  determined  thickness.  At  this  thickness, 
which  depends  upon  temperature ,  the  growth  mode  and  the 
lattice  constant  change.  Pest  the  critical  thickness  (113) 
facetted  islands  srs  observed.  By  growing  at  lower 
temperatures  thsse  changes  can  be  inhibited.  Measurements 
are  compared  to  the  relaxation  theory  of  Tsao  end  Dodson 
(1).  Using  RHEED  changes  in  lattice  constant  as  small  as 
0.0003  ns  can  be  resolved.  We  measure  an  activation  energy 
for  the  dislocation  gilds  velocity  of  3.5  eV.  An  important 
issue  li  whether  the  strain  drlvss  segregation  to  grade  the 
film. 

1.  J.Y.  Tsao,  B.W.  Dodson,  S.T.  Ficraux,  D.M.  Comellson, 
Phys.  Rev,  Lett.,  ii,  2455  (1987). 

*  Partially  supported  by  NSF  grant  DMR - 8615207  and  the 
Minnesota  Center  for  Intorfaclal  Engineering  (M$F) 
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EFFECTS  OF  SUBSTRATE  MISORIENTATION  AND  THE 
GROWTH  MECHANISM  OF  Si  DOPED  GaAs  GROWN  ON 
(11 1)A  SUBSTRATE  BY  MBE.  Y.Okano.  H.  Seto,  M.  Shigeta, 
S.  Nishine,  I.  Fujimoto,  ATR  Optical  and  Radio  Communica¬ 
tions  Research  Laboratories,  Sanpeidani,  lnuidani,  Seika-cho, 
Soraku-gun,  Kyoto  619-02,  Japan;  and  T.  Suzuki,  Science  and 
Technical  Research  Laboratories  of  NHK,  Kinuta,  Setagaya- 
ku,  Tokyo  157,  Japan 

Si  has  been  widely  used  as  an  n-type  dopant  in  GaAs 
grown  by  MBE  on  a  GaAs  (100)  substrate.  The  incorporation 
site  of  this  dopant,  however,  is  greatly  affected  by  the  substrate 
orientation.  It  has  been  reported  that  Si  acts  as  an  acceptor  in 
the  growth  on  (lll)A,  (211)A  and  (311)A  substrates.  The 
results  were  explained  in  terms  of  the  ratio  of  (lll)A-like 
bonding  sites  to  (lOO)-like  bonding  sites.  In  the  growth  on 
slightly  (1-5°)  misoriented  (lll)A  substrates,  however,  it  was 
found  that  the  incorporation  behavior  of  this  amphoteric 
dopant  changed  largely  as  compared  with  the  growth  on 
exactly  (lll)A  oriented  substrate. 

In  the  growth  on  exactly  (lll)A  oriented  substrate  at  low 
flux  ratio  (AsVGa),  substantially  all  the  Si  atoms  act  as 
acceptors.  With  increase  of  the  degree  of  misorientation,  and 
with  increase  of  the  flux  ratio,  the  number  of  donor-site  Si 
atoms  increased.  Further,  surface  morphology  has  been 
improved  by  increasing  the  degree  of  misorientation. 

We  suppose  that  the  dissociation  rate  of  As4  molecule 
plays  an  important  role  in  the  site  selection  of  Si  atoms.  Since 
the  valence  electron  density  in  a  Ga  single  dangling  bond  site 
on  an  ideally  flat  (111 )A  surface  is  considered  to  be  very  small, 
dissociation  of  AS4  on  this  surface  must  be  fairly  slow. 
Introduction  of  surface  steps  with  (lOO)-like  bonding  geometry 
may  promote  the  dissociation  of  As4  at  the  steps  and  cause 
lateral  growth  from  the  steps.  Details  will  be  discussed. 

D8.4 

ORDERED  TERNARY  ALLOYS  BY  ATOMIC  LAYER  EPITAXY. 
B.T.  McDermott.  K.G.  Reid,  A.  Dip  and  S.M.  Bedair,  Electrical  and 
Computer  Engineering  Department,  N.C.  State  University,  Raleigh, 
North  Carolina.  W.  Duncan,  Texas  Instruments,  Dallas,  Texas. 

X.  Yin  and  F.H.  Poliak,  Brooklyn  College  of  Cuny,  Brooklyn,  NY. 

ALE  of  ternary  alloys  proceeds  by  the  deposition  of  one  atomic  layer 
in  a  self-limiting  manner  per  growth  cycle  and  thus  offers  the  ulti¬ 
mate  technique  in  studying  ordered  structures.  The  low  temperature 
growth  of  In-Aa-Ga-As  and  Ga-P-In-P  by  ALE  will  be  reported.  We 
found  that  both  the  structural  and  bandgap  properties  of  these  ALE 
ordered  alloys  to  be  different  from  that  reported  by  MOCVD  and 
MBE  techniques. 

Ga-P-In-P  ordered  alloy,  for  example,  has  been  gTown  by  ALE  on 
GaAs  at  500°C  using  organometallic  and  hydride  sources.  This  has 
been  achieved  by  sequential  exposure  of  GaAs  substrate  to  TMG, 
PHj,  TEln  and  PHj.  TEM  showed  that  the  structure  is  deposited  in 
an  ordered  fashion.  X-ray  diffraction  also  showed  the  lattice  constant 
of  the  deposited  films  corresponds  to  Ino.tGa4.1P.  These  results  were 
found  to  be  independent  of  the  mole  fractions  of  the  precursors  in 
the  gas  phase.  The  bandgap  of  the  ALE  ordered  alloy  measured  by 
the  modulated  photorefiectance  at  room  temperature  and  photo¬ 
luminescence  (liquid  He)  techniques  are  1.78  ev  and  1.85  ev  respec¬ 
tively.  These  values  are  considered  to  be  the  lowest  reported 
bandgap  for  this  ordered  alloy.  These  results  can  be  due  to  the  abil¬ 
ity  of  ALE  to  produce  structures  with  a  high  degree  of  ordering.  We 
will  report  on  the  properties  of  these  ALE  ordered  structures  grown 
both  on  100  and  (111)  GaAs  oriented  substrates. 

This  work  is  supported  by  ONR/SDIO. 


D8.5 

InAs  ANU  InGaAs  GROWTH  BY  CHLORIDE  ATOMIC  LAYER  EPITAXY 
II  Shimawaki.  Microelectronics  Res-  Labs  NEC  Corp  ,  Kawasaki.  Japan. 
Y-Kato  and  A-  Usui,  Fundamental  Res.  Labs.  NEC  Corp.,  Tsukuba,  Japan. 

InAs  chloride  atomic  layer  epitaxy  (ALE)  was  carried  out  in  detail,  which 
resulted  in  the  first  successful  preparation  of  (GaAs)„(lnAs/„,  for  n'l  and 
2  on  (lll)B  InP  substrates.  Crystal  growth  techniques  with  strictly 
controlled  thickness  and  crystal  composition  are  required  for  high 
performance  hetero.iunctiun  device  realization.  ALE  is  suitable  to  this 
purpose,  because  the  monolayer  (ML)  growth  process  is  repeated,  based  on 
a  self-limiting  mechanism 

InAs  was  grown  by  400  ALE  cycles  on  (100),  (1U)A  and  (lll)B  InAs 
substrates  at  an  InCI  and  AsH,  pressure  of  7.5xl0'"'atm  and  1  4xl0_3atm. 
respectively,  with  an  alternate  supply  of  InCI  and  AsH,-  Growth  rates  for 
the  (lll)B  substrates  showed  a  cunstant  value  of  0.9  monolayer/cycle  at 
temperatures  below  375  "C  •  Growth  rates  for  the  (100)  and  (lll)A 
substrates,  on  the  other  hand,  decreased  steadily  with  an  increase  in  the 
growth  temperature  At  375  'C.  the  growth  rates  for  the  (HUB  substrates 
were  independent  of  InCI  pressure,  suggesting  that  InAs  ALE  has  a 
self-limiting  growth  factor  on  (HUB  substrates. 

(GaAs), (InAs),  and  (GaAs)2(lnAs)3  layered  structures  were  prepared  on 
( 11UB  InP  substrates  at  375  "C  GaCI  and  InCI  were  fed  in  alternately,  not 
simultaneously,  at  12xl0"',atm  and  1.2xl0~*atm.  respectively.  There  were 
300  ALE  cycles  for  (GaAs),(lnAs),  and  150  cycles  for  (GaAs)2(lnAs)2  In 
each  case,  Ga  compositions  (x)  and  growth  rates  (v),  calculated  by  the 
X-ray  diffraction  peaks  of  the  grown  layers,  agreed  well  with  expected 
values.  x=0-49  and  v=2. OML/cycle  were  obtained  for  (GaAs), (InAs),.  and 
x=0-49  and  v=4.2ME/cycle  were  obtained  for  (GaAs)2(lnAs)2.  These  results 
indicate  that  chloride  ALE  is  highly  controllable  in  (GaAs)„(lnAs)„ 
preparation,  which  allows  achieving  heterojunction  devices  with  excellent 
carrier  transport  characteristics. 

D8.6 

ELECTRICAL  AND  MATERIAL  CHARACTERIZATION  OF  THE  STABILITY  OF 
ALGAAS  AND  INGAAS  PLANAR  DOPED  STRUCTURES.  Larry  P,  Sadwlck. 
JYe  pa  rtment  of  Electrical  Engineering,  University  of  Utah, 
Salt  Lake  City,  Utah  84112;  and  Dwight  C.  Strait,  TEH 
Electronic  Systeas  Croup,  One  Space  Perk,  Redondo  Beach, 
California  90278. 


Recently  Schubert  at.  el.  [1]  have  used  planar  (delta) 
doping  as  e  tool  to  study  the  diffusion  of  atomic  SI  In  GaAs 
by  capacitance-voltage  (C-V)  measurements  on  rooa 
temperature  and  annealed  saaples.  In  this  work  we  extend 
and  augment  this  technique  to  both  AlCaAs  and  InGaAs  planar 
doped  structures  grown  by  aolecular  bean  epitaxy  (MBE).  In 
addition  to  the  C-V  aeasureaents ,  X-ray,  Riotolualnescence , 
SIMS  and  Hall  aeasureaents  have  been  eaployed  to  lnveetlgete 
and  deteralne  both  the  atablllty  and  diffusion  of  SI  In 
ternary  GaAs  coapound  semiconductors .  The  demonstrated 
improvement  in  planar  doped  HEMT  devices  provided  the 
Initial  motivation  for  this  study.  The  techniques  and  the 
methodology  used  In  this  paper  also  peralt  direct 
measurements  of  the  epitaxial  crystal  quality  ralatlonahlps 
to  both  the  planar  doping  parameters  and  the  MBE  growth 
conditions.  The  combination  of  techniques  described  above 
provides  an  excellent  method  to  determine  the  optlaua  growth 
conditions  and  parameters  so  ss  to  achieve  both  the  abrupt 
doping  transitions  and  good  crystal  quality  required  to 
maintain  application- dependant  device  quality  transport 
properties.  A  matrix  of  both  single  end  multiple 
(periodically  spaced)  planer  doped  structures  have  been 
grown.  The  crystal  quality  degradation  and  induced  strain 
of  highly  doped  planar  structures  will  also  be  discussed. 
The  results  presented  for  both  lattice  matched  and 
psaudoaorphlc  structures  should  be  of  significant  use  for 
HEHT  and  euperlattiee  design  considerations. 

I.  E.F.  Schubert,  T.H.  Chiu,  J.E.  Cunningham,  B.  Tell,  and 

J. B.  Stark,  Jour,  of  Elec.  Mat.,  Vol.  17,  No.  6,  1988. 
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D8.7 

KINETICS  OF  QUANTUM  WIRE  GROWTH  ON  VICINAL 
SURFACES 

K.J.  Hugill,  S.Claxke,  D.D.  Vvedensky.  B.A.  Joyce,  The  Blackett 
Laboratory  and  Semiconductor  Materials  IRC,  Imperial  College, 
London  SW7  7.BZ,  United  Kingdom, 

The  growth  of  quantum  wires  by  molecular-beam  epitaxy  on  vidnal 
surfaces  is  studied  with  a  Monte  Carlo  simulation  of  growth.  Wire 
quality  is  characterized  in  terms  of  two  quantities,  one  which  simply 
measures  the  per  centage  of  atoms  in  the  correct  positions  for  an  ideal 
quantum  wire,  and  one  that  characterizes  the  conectivity  of  the  wire. 
The  conclusions  drawn  from  our  study  are  the  same  regardless  of  how 
quantum  wire  quality  is  characterized.  Beginning  with  a  simplified 
situation  in  which  two  species  are  distinguished  only  by  a  label,  and 
not  by  different  mobilities,  we  find  that  wire  quality  is  maximized  at 
a  single  temperature,  which  is  beam-flux-dependent.  At  low 
temperatures,  growth  by  the  formation  and  coalescence  of  islands 
inhibits  wire  quality,  while  at  high  temperatures  the  enhanced 
fluctuations  in  the  step  edge  profile  lead  to  correlated  lateral  shifts  in 
the  wires  on  adjacent  terraces,  which  also  degrades  wire  quality. 
Interspersing  the  growth  with  periods  of  recovery  lowers  the  tempe¬ 
rature  for  wire  quality,  but  also  lowers  the  maximum  wire  quality. 
Modelling  the  situation  with  two  species  with  different  mobilities, 
which  would  applicable  for  the  case  of  GaAs/AlAs  quantum  wires, 
reveals  that  the  temperature  at  which  wire  quality  is  maximized  can 
be  estimated  accurately  from  the  quality  of  the  wires  in  the  separated 
systems. 

D8 . 8 

LIQUID  PHASE  ELECTROEPITAXIAL  (LPEE)  GROWTH  OF  GaSb  and 
InGaAsSb.  Shanthi  N.  Iyer.  Ali  Abul-Fadl.  ‘Albert  T.  Macrander, 
Jonathan  H.  Lewis  and  W.  J.  Collis.  Department  of  Electrical  Engineering, 
North  Carolina  A&T  Slate  University.  Greensboro,  NC  27411,  *600 
Mountain  Avenue.  AT&T  BeU  Laboratories,  Murray  Hill.  NJ  07974 


reconstruct  into  a  c(2x2)  pattern.  The  suitably 
chosen  neighborhood  of  the  modified  spot  is  then 
allowed  to  relax  to  a  minimum  energy  configura¬ 
tion.  The  complexes  are  studied  for  both  the 
unstrained  as  well  as  strained  surfaces.  The 
results  of  these  studies  will  be  presented  and 
their  consequences  for  the  understanding  of 
Molecular  Beam  Epitaxical  growth  will  be 
discussed. 

1.  D.K .  Choi,  S.M.  Koch,  T.  Takai,  T.  Halicioglu 
and  W.A.  Tiller,  J.  Vac.  Sci.  Technol.  B6 
(4)  ,  1140  (1988)  . 

2.  S.  Kirkpatriek,  C.D.  Gelatt,  Jr.,  M.P. 
Vecchi,  Science,  220,  671  (1983). 


D8.10 

PULSED  LASER  ATOM  PROBE  ANALYSIS  OF  III-V  COMPOUND 
SEMICONDUCTOR  EPILAYERS.  Ross  A  D  Mackenzie.  J  Alex  Liddle, 
Chris  R  M  Grovenor  and  Alfred  Cerezo,  Department  of  Metallurgy  and 
Science  of  Materials,  Oxford  University,  Parks  Road,  Oxford  OX3  I  PH 

The  growth  of  III-V  epilayer  materials  on  indium  phosphide  substrates 
often  requires  the  epilayer  to  be  grown  in  a  miscibility  gap.  The  presence 
of  this  miscibility  gap  has  lead  to  the  suggestion  that  the  material  may 
spinodally  decompose  or  undergo  phase  separation  either  during  growth  or 
during  subsequent  processing.  Electron  microscopy  techniques  have 
shown  the  presence  of  contrast  fluctuations  on  scales  of  a  few  tens  of 
nanometers  and  a  few  nanometers.  The  larger  scale  variations  are  amenable 
to  compositional  analysis  using  high  resolution  scanning  transmission 
electron  microscopy  techniques,  but  the  finer  scale  variations  are  not.  The 
pulsed  laser  atom  probe  has  both  the  spatial  resolution  and  chemical 
resolution  to  permit  the  fine  scale  contrast  in  these  materials  to  be 
examined. ' 

Epilayers  of  a  variety  of  materials  have  been  examined,  and  results  will  be 
presented  which  show  the  scale  of  the  fluctuations  and  also  give  an 
indication  of  the  extent  to  which  these  materials  deviate  from  their  nominal 
(lattice  matched)  compositions.  The  correlation  between  the  atom  probe 
microanalysis  data  and  the  fine  scale  contrast  in  electron  microscopy  will 
also  be  shown. 


Experimental  results  of  the  InGaAsSb  phase  diagram  near  380’C  will  be 
reported.  GaSb  and  InGaAsSb  alloys  of  composition  close  to  GaSb  comer 
of  the  phase  diagram,  have  been  grown  lattice  matched  to  (100)  GaSb 
successfully  by  LPEE  technique.  Growth  rates  were  found  to  increase  with 
current  density,  typical  value  being  -lpmAnin  at  a  current  density  of 
10 A/cm2.  The  layers  have  been  assessed  using  both  double  crystal  x-ray 
diffraction  and  high  resolution  x-ray  diffraction.  Finally,  results  on  the  low 
temperature  photoluminescence  spectra  of  these  samples  will  also  be 
presented. 

Financial  support  for  this  work  was  provided  by  Air  Force  Office  of 
Scientific  Research.  Washington,  D.C.  (Contract  No.  49620-89-C-C004) 
which  is  gratefully  acknowledged. 
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NERGETICS  AND  RELAXATIONS  OF  ADATOM,  DOPANT  AND 
ACANCY  RELATED  COMPLEXES  ON  NORMAL  AND  STRAINED 
a As  (001)  SURFACE.  S.B.  Oqale  *,  A.  Hadhukar 
nd  R.  Vishwanathan* ,  *  Departments  of  Materials 
icience  and  Physics,  University  of  Southern 
alifornia,  Los  Angeles,  CA  90089;  ♦  Department 
>f  Physics,  University  of  Poona,  Pune,  India. 

lurface  complexes  involving  Ga  and  Si  adatoms,  Si 
lopant,  Ga  and  As  antisite  replacements  and 
racancies  at  the  GaAs  (001)  surface  are  examined 
lor  their  energetics  and  associated  structural 
:  elaxations  by  employing  semiempirical  two  and 
•hree  body  potential  energy  functions  .  The 
> nergy  minimization  is  achieved  via  simulated 
innealing  Monte  carlo  procedure2.  An  8x8x8  GaAs 
natrix  is  used  as  the  substrate  with  periodic 
soundary  conditions  in  the  lateral  plane.  The 
adatom,  dopant  or  vacancy  is  added  to  the  system 
after  allowing  the  top  two  surface  layers  to 


D8.ll 

THE  INTERACTION  OF  TRIMETHYLG ALLIUM  WITH 
CLEAN  AND  ADSORBATE  COVERED  SI(IOO)  SUBSTRATES 
by  T.  R.  Gow,  R.  Lin,  L.  A.  Cadwell,  F.  Lee,  R.  I.  Masel,  University 
of  Illinois,  Urbana  II,  61801 

Pulsed  beam  methods  are  used  to  examine  the  initial  stages  of 
GaAs  growth  on  silicon  substrates  by  MOMBE.  A  pulsed  beam  of 
trimethylgallium  (TMGa)  was  directed  onto  a  heated  Si(l00)  substrate 
which  was  partially  covered  by  various  adsorbates,  and  the  resultant 
reaction  products  were  examined  by  mass  spectroscopy.  X-ray 
photoemission  spectroscopy  (XPS)  was  also  used  to  examine  the 
growing  film.  It  is  found  that  at  TMGa  exposures  of  lxlO15 
molecules/cm’  or  less,  the  decomposition  process  on  a  hot  Si(100) 
substrate  is  very  similar  to  the  decomposition  process  reported 
previously  (1,2)  when  TMGa  is  adsoibed  onto  a  cold  Si(100) 
substrate,  then  the  substrate  is  heated.  However,  at  higher  exposures 
the  chemistry  changes.  It  is  possible  to  transiently  populate  a  weakly 
bound  state  which  we  assign  to  TMGa  adsorption  in  the  second 
monolayer.  If  the  sample  is  below  450  K.  the  TMGa  in  the  second 
monolayer  desorbs.  However,  at  temperatures  between  500  and  700 
K  the  TMGa  in  We  second  monolayer  reacts  to  form  a  CH,  group 
(x=3,4)  and  a  dimethylgallium  radical.  The  dimethylgallium  and  CH, 
groups  desorb  However,  some  of  the  CH,  groups  remain  bound  to 
the  substrate  leading  to  extra  carbon  incorporation.  At  higher 
temperatures,  die  TMGa  in  the  second  monolayer  pyxolyaes  to 
dimethylgallium  and  methyl  radicals,  some  of  which  desorb,  and  some 
of  which  get  incorporated  into  the  surface.  There  also  is  evidence  for 
formation  of  traces  of  monomethyl  gallium.  These  results  indicate  that 
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flux  of  TMGa  could  have  an  important  influence  on  carbon 
incorporation  in  MOMBE. 

1)  F.  Lee,  T.  R.  Gow,  R.  Lin,  A.  L.  Backman,  D.  Lubben,  and  R. 
I.  Masel  Ptoc.  MRS..  131.  339-344  (1989). 

2)  F.  Lee,  A.  Backman,  R.  Lin,  T.  R.  Gow,  R.I.  Masel  Surface 
Sci..  to  appear 


08. 12 

THERMAL  DISORDERING  OF  MODULATION-DOPED  AlAs/GaAs 
SUPERLATTICE.  Kunihiko  Hara,  Hiroshi  Ito,  Shinya 
Ohmi  and  Takamasa  Suzuki,  NIPPONDENSO  CO,,  LTD., 
Kariya,  Aichi,  Japan 

The  effect  of  modulation-doping  on  thermal 
stability  of  interface  structure  in  a 
hetero junction  , especially  in  multi  quantum  well 
superlattices  has  not  been  clear  yet.  The  purpose 
of  this  paper  is  to  clarify  the  effect  of  Si 
doping  on  interdiffusion  in  the  modulation-doped 
multi  quantum  well(MQW)  superlattices  by 
photoluminescence (PL)  spectra. 

AlAs  barrier  layers  (100  X)  and  GaAs  well  layers 
(60  A)  were  grown  on  a  GaAs  substrate  by  MBE.  The 
AlAs  layer  was  doped  with  Si  at  a  concentration 
of  lxlO18  cm"8  with  and  without  undoped  AlAs 
spacer  layer  (20  X)  on  both  sides.  An  undoped  MQW 
sample  was  also  prepared  for  comparison. 
Annealing  was  carried  out  at  various  temperatures 
between  730°C  and  850°C. 

The  PL  peak  corresponding  to  interband  transition 
defined  by  60  A  well  layer  disappeared  completely 
after  annealed  at  850°C  for  5  min.  in  the 
modulation-doped  sample  without  spacer  layer, 
while  PL  peak  shift  was  observed  in  other  samples 
after  annealed  at  850°C  for  1  to  20  min.  The 
diffusion  coefficient  was  estimated  at  1.5x10"*', 
9 . OxlO”*8  and  1.5xl0-18  cm2/sec.  in  the 
modulation-doped  sample  without  spacer  .with 
spacer  and  in  the  undoped  sample,  respectively. 


D9.1 


STRUCTl’RAL  STABILITY  OF  AMORPHOUS  SEMICON¬ 
DUCTOR  SUPERLATTICES.  Peter  D.  Pei  sans- .  A.  F.  RupperC, 
B.  Abelcs+,  Y.-J.  Wu*  and  V.  Pantojas*.  'Physics  Department, 
Rensselaer  Polytechnic  Institute,  Troy,  NY;  +  Exxon  Research  and 
Engineering  Co.,  Annandale  NJ. 


We  report  the  results  of  recent  Raman  scattering  and  x-ray 
diffraction  experiments  on  the  structure  and  thermal  stability  of 
amorphous  semiconductor/  insulator  periodic  multilayer  structures 
based  on  a-Si:II,  a-Ge:H  and  a-SiOj:H.  By  varying  the  superlal- 
tice  repeat  distance  for  bi-layer  structures  from ’2  nm  to  50  nm  it 
is  possible  to  extract  information  on  the  range  of  relaxation  and 
interdiffusion  and  on  the  influence  of  interfaces  and  composition 
gradients  on  relaxation. 

Thermal  restructuring  is  found  to  occur  in  at  least  three  stages. 
First,  a  low  activation  energy  local  relaxation  step  is  observed  in 
which  atoms  move  by  a  few  angstroms  to  lower  -energy  sites.  This  is 
observed  in  changes  in  the  average  density  and  compositional  mixing 
of  atoms  near  interfaces.  Second,  long  range  (>2  nm)  diffusion 
of  network  atoms  is  observed  which  may  in  some  cases  wash  out 
compositional  variations.  Third,  crystallization  of  one  or  both  sub¬ 
layer  materials  may  occur.  The  crystallization  and  interdiffusion 
processes  can  occur  in  parallel  and  relative  activation  energies  can 
be  determined  by  measuring  the  temperature  and  repeat  distance 
dependence  of  mixed  crystal  versus  pure  crystal  fractions  of  the 
annealed  superlatlices. 


D9.2 

A  SYSTEMATIC  METHOD  FOR  EXTRACTING  STRUCTUR¬ 
AL  PARAMETERS  FROM  LOW  ANGLE  X-RAY  REFLECTIV¬ 
ITY  MEASUREMENTS  ON  MULTILAYERS  L.  M.  Goldman.  H. 
A.  Atwater*  and  F.  Spaepen,  Division  of  Applied  Sciences,  Harvard  Univer¬ 
sity,  Cambridge,  MA  02138 

X-ray  diffraction  is  one  of  the  main  methods  of  determining  the  structure 
of  multilayers.  Low  angle  reflectivity  measurements  are  particularly  useful 
for  multilayers  containing  polycrystalline  or  amorphous  constituents,  and  for 
obtaining  specific  structural  data,  such  as  surface  roughness  or  diffuseness. 
Although  many  analyses  of  low  angle  reflectivity  have  been  published,  the 
agreement  between  model  and  data  is  not  perfect.  We  will  present  a  method, 
based  on  both  kinematic  and  dynamic  scattering  calculations  that  produces 
the  best  agreement  to  far,  and  use  it  to  extract  specific  structural  parameters 
such  as  the  roughness  or  diffuseness  of  the  external  surface,  the  thickness  of 
the  constituent  layers,  the  average  electron  density,  the  difference  in  electron 
density  between  the  constituent  layers,  and  the  roughness  or  diffusenenss  of 
the  internal  interfaces.  Results  will  be  given  for  a  sputtered  Al/AljOj  mul¬ 
tilayer.  Application  to  other  systems  as  well  as  the  utility  of  this  procedure 
to  the  study  of  non-linear  diffusion  will  be  discussed. 

*  Present  address:  Thomas  1.  Watson  Laboratory  of  Applied  Physics,  Cali¬ 
fornia  Institute  of  Technology,  Pasadena,  CA  91125 

D9.3 

DETERMINATION  OF  3  -  D  I  M  E  N  S  I  0  N  A  L  DEFECT 
STRUCTURES  IN  GALLIUM  ARSENIDE  EPILAYERS  ON 
SILICON  USING  WHITE  BEAM  SYNCHROTRON  RADIATION 
TOPOGRAPHY  IN  BOTH  TRANSMISSION  GEOMETRY  AND 
GRAZING  BRAGG-L AUE  GEOMETRY.  H.  Dudley.  J.  Wu 
and  G.-D.  Yao,  Dept,  of  Materials  Science  and 
Engineering,  SUNY  at  Stony  Brook,  Stony  Brook 
li;  H.-Y.  Liu  and  Y.C.  Kao,  Materials  Science 
Laboratory,  Texas  Instruments,  Dallas,  TX. 

White  beam  synchrotron  topography  in  both 
transmission  and  grazing  Bragg-Laue  geometries 
has  been  used  to  reveal  the  3 -d  i  me  n  s  i  on  a  1 
defect  structure  in  MBE  grown  GaAs  epllayers  on 
Si.  In  the  grazing  Bragg-Laue  case,  manipulation 
of  geometry  enabled  depth  profiling  of  defect 
structures  in  both  epilayer  and  substrate. 
Defects  observed  Include  substrate  threading 
dislocations,  interfacial  dislocations  and 
epilayer  planar  defects.  Dislocation  line 
direction  and  Burgers  vector  analysis  was 
performed.  Clear  continuity  between  substrate 
threading  dislocations  and  Interfacial 
dislocations  was  established.  Overall  defect 
structures  were  then  correlated  with  processing 
conditions . 

This  technique  affords  a  rapid  and  non¬ 
destructive  way  of  quantitatively  characteri zing 
processing  induced  damage  in  such  systems. 

Research  Funded  in  part  by  the  NSF  under 
contract  f  DMR  8506998,  and  performed  on 
beamline  X-19C  at  the  NSLS  which  is  funded  by 
DOE  under  contract  #  DE-FG02-89ER95098. 

D9.4 

CHARACTERIZATION  OF  METAL  SEMICONDUCTOR  MUL¬ 
TILAYERS  BY  RAMAN  SPECTROSCOPY  AND  X-RAY 
DIFFRACTION  David  D  Allred  and  Qi  Wang,  Department  of 
Physics  and  Astronomy.  Brigliam  Young  University,  Provo,  UT. 


We  Lave  used  Raman  spectroscopy  and  x-ray  diffrartiou  in  the  char¬ 
acterization  of  W  C  multilayers  used  in  soft  x-ray  optics  The  main 
Raman  hand  is  from  a-C  and  consists  of  a  broad  peak  at  about 
1580  cm-1  (G-line)  and  a  shoulder  at  about  1380  cut-1  (D-lfltc).  It 
was  found  that  the  D-Iine  to  G-line  intensity  ratio  of  W  C  umlti- 
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layers  with  tluii  tungsten  layer  (about  20.4)  was  higher  than  that  of 
single  carbon  layers  deposited  on  thick  tungsten  layer  (about  400.4). 
This  indicates  that  the  carbon  in  multilayer  samples  may  he  more 
disordered.  The  x-ray  diffraction  study  of  samples  showed  that  in 
the  former  case  the  tungsten  is  a-W  and  in  the  latter  case  it  is 
crystalline.  This  means  that  the  interfacial  effect  may  cause  the 
difference  in  the  structure  of  carbon  layers. 

D9.5  ABSTRACT  WITHDRAWN 
D9.6 

STRUCTURAL  STABILITY  OF  HEAT  TREATED  W/B4C 
MULTILAYERS.  A.F.  Jankowski.  Lawrence  Livermore  National 
Laboratory,  Livermore,  California. 

An  application  of  multilayer  structures  takes  form  in  x-ray  microscopy  as 
artificial  Bragg  diffractors.  The  performance  of  such  optical  systems 
depends  on  the  stability  of  the  multilayer  structure. 

One  of  the  most  widely  used  multilayer  combinations  for  highly  reflective, 
x-ray  mirrors  is  W/C.  The  layers  within  the  vapor  deposited  multilayers  are 
typically  amorphous.  Studies  have  shown,  however,  an  amorphous  to 
crystalline  transition  in  the  W  layers  with  increasing  thickness.  Heat 
treatments  of  the  W/C  multilayers  have  been  shown  to  produce  similar 
effects,  crystallinity  in  the  W  layers  and  the  presence  of  W-C  intermetallics, 
as  well  as  change  the  repeat  periodicity  of  the  superlattice. 

An  alternative  to  the  W-C  multilayer  combination  is  W-B4C.  The  measured 
reflectivity  of  x  rays  (>705eV)  from  W/B4C  multilayers  have  been 
measured  to  equal  or  exceed  W/C,  for  mirrors  with  identical  dimensions. 
The  relative  stability  of  W/B4C  may  additionally  be  enhanced,  following  a 
kinetic  argument  requiring  the  decomposition  of  B4C  before  the  formation 
of  WC.  In  this  study,  multilayers  of  W/C  and  W/B4C  will  be  vacuum  heat 
treated,  then  structurally  examined.  A  comparison  of  pre-  and  post-  heat 
treatments  will  be  accomplished  using  depth  profiling  and  cross-section 
microscopy. 

This  work  was  performed  under  the  auspices  of  the  U.S.  Department  of 
Energy  by  Lawrence  Livermore  National  Laboratory  under  Contract  No. 
W-7405-Eng-48. 

D9. 7 

MULTILAYERED  METALLIC  THIN  FILMS  PREPARED  BY 
DUAL-BATH  ELECTRODEPOSITION  C  A.  Ross.  L.  M.  Gold¬ 
man  and  F.  Spaepen,  Division  of  Applied  Sciences,  Harvard  University, 
Cambridge,  MA  02138' 

Electrodeposition  is  a  fast  and  relatively  inexpensive  method  for  making  ar¬ 
tificial  metal  multilayered  films.  We  present  a  dual  bath  electrodeposition 
technique  capable  of  producing  crystalline  Ni/amorplious  NiPr  multilayers 
with  repeat  lengths  of  20A  and  above,  of  sufficient  quality  to  give  several 
low-angle  x-ray  reflections.  In  this  method,  a  multilayer  is  made  on  a  disc¬ 
shaped  substrate  which  rotates  over  two  nozzles.  A  different  electrolyte 
(plating  bath)  circulates  through  each  nozzle.  Deposition  occurs  only  on 
those  parts  of  the  substrate  exposed  to  the  electrolytes,  directly  above  the 
nozzles,  so  a  multilayer  is  formed  as  the  substrate  rotates.  The  compo¬ 
sitional  and  structural  modulations  of  the  films  are  analysed  using  x-ray 
diffraction  and  microscopy,  and  the  effects  of  deposition  parameters,  filch 
as  the  current  density,  are  examined.  The  P  content  of  the  NiPr  layers 
varies  between  10  at.%  and  25  at.%  as  the  current  density  varies  between 
400  Am'1  and  3000  Am'1,  allowing  compositionally  modulated,  fully  amor¬ 
phous  NiP,/NiP,  films  to  be  deposited.  The  dual  bath  technique  can,  in 
principle,  be  used  to  make  multilayers  from  any  pair  of  materials  which  can 
be  elecirodepotiled,  and  its  utility  in  the  production  of  other  multilayer 
systems  will  be  assessed. 

D9.8 

METASTABLE  electronic  effects  in  amorphous  superlattices. 
J.  Kakallos.  School  of  Physics  and  Astronomy,  University  of 
Minnesota,  Minneapolis,  MN  55455. 

There  has  recently  been  considerable  Interest  in  the 
electrical  and  optical  properties  of  amorphous  semiconductor 
auperlattlces .  This  talk  will  review  some  novel  electronic 


effects  observed  in  amorphous  multilayers  which  challenge 
our  understanding  of  these  materials.  Quantum  size  effects 
have  been  found  in  heterostructures  consisting  of  alternat¬ 
ing  layers  of  a  small  band  gap  amorphous  semiconductor  and  a 
wide  band  gap  amorphous  insulator;  the  amorphous  analogs  of 
GaAs/GaAlAs  crystalline  superlattices.  The  absorption 
spectrum  shifts  to  higher  energies  as  the  thickness  of  the 
amorphous  semiconductor  layer  is  reduced  below  50  it,  which 
has  been  interpreted  as  a  quantum  si2e  effect.  However, 
transport  data  indicatea  that  the  electronic  phase  coherence 
length  is  much  less  than  Che  semiconductor  layer  spacing, 
which  directly  conflicts  with  the  quantum  well  interpreta¬ 
tion.  Various  efforts  to  resolve  this  contradiction  will  be 
reviewed.  Doping  modulated  amorphous  multilayer  structures, 
consisting  of  alternating  layers  of  n-type  and  p-type  doped 
amorphous  silicon,  display  an  enhanced  dark  conductivity 
after  illumination  termed  peraistent  photoconductivity 
(PPC).  After  a  brief  (a  few  seconds)  exposure  to  white 
light,  the  dark  conductivity  parallel  to  the  layers  in¬ 
creases  by  several  orders  of  magnitude.  This  PPC  takes 
several  days  to  decay  at  room  temperature  but  is  reversed 
upon  annealing  above  400°K.  PPC  has  been  extensively 
studied  in  crystalline  semiconductor  structures,  and  the 
models  proposed  to  account  for  PPC  involve  either  change 
separation  by  internal  electric  fields  or  charge  trapping  in 
a  defect  which  undergoes  e  large  lattice  relaxation  (the  DX 
center) .  Studies  of  PPC  in  amorphous  doping  superlattices 
support  the  latter  model,  and  enable  a  microscopic  deter¬ 
mination  of  the  process  responsible  for  PPC. 

D10.1 

SILICIDE  FORMATION  AND  THERMAL  STA¬ 
BILITY  OF  Ni/Si/GaAs  INTERFACES. 

Y.  Yamamoto,  K.  Ishibashi,  Res.  Cntr.  of  Ion  Beam  Tech.,  Hosei 
Univ.,  Tokyo,  Japan;  S.  Suzuki.  Adv.  Mat.  Lab.,  Sohka,  Japan; 
T.  E.  Shim  *,  Waseda  Univ.,  Tbkyo,  Japan. 

Silicon  and/or  Ni  were  vacuum  evaporated  onto  (100)  GaAs.  Inter¬ 
diffusion  and  silicide  formation  processes  in  the  system  upon  annealing 
were  investigated  using  AES  and  X-ray  difractmetry. 

Thicknesses  of  Ni  and  Si  were  varied  to  examine  how  the  interface 
reaction  related  to  the  relative  amount  of  Ni  to  Si;  (1)  Si(1000  A)/G&As, 
(2)  Ni(  700  A)/GaAs,  (3)  Ni(700  A)/Si(1000  A)/GaAs,  (4)  Si  (1000 
A)/Ni(2000  A)/GaAs,  and  (5)  Ni(2000  A)/Si(  1000  A)/GaAs. 

AES  mesurement  revealed  that  a  Si/GaAs  interface  of  sample  (1)  was 
stable  after  annealing  at  850  C  for  30  min.  When  the  relative  amount  of 
Ni  to  Si  is  unity  as  sample  (3),  stable  NiSi  was  formed  and  no  reaction 
to  Os  As  was  observed  after  annealing  at  500  C  for  2  hour. 

When  Ni  was  directly  atatebed  to  GaAs,  appreciable  interdiffusion 
of  GaAs  and  Ni  was  observed  (samples  (2),  (4)),  but  in  sample  (4)  Ga 
and  As  did  not  diffuse  into  the  NijSi  surface  layer  at  500  C. 

In  the  case  that  Ni  was  the  outermost  layer  of  which  amount  was  in 
excess  of  Si  as  sample  (5),  the  system  was  quite  unstable  at  the  same 
temperature;  no  clear  silicide  phase,  no  distinct  interface,  oxidation  of 
the  surface  Ni  layer. 


'Present  address:  Suiuung  Electronics,  Seoul,  Korea 
DIO.  2 

EPITAXIAL  GROWTH  OF  METALLIC  LAYERS  BY  SOLID  PHASE 
INTERDIFFUSION  :  STUDY  OF  THE  Ni/QaAs  AND  Ni/AlAs  SYSTEMS 
Guerin  R,  and  Deputier  S.,  Laboratoire  de  Chimie 
Minerals  B  -  Campus  de  Beaulieu  -  350*12  Rennes  Cedex, 
France  -  Caulet  J.,  Mlnier  M.,  Poudoulec  A.,  Ballini  Y., 
Durel  V.,  Dupas  0.,  Guivarc'h  A.,  Centre  National 
d' Etudes  des  Telecommunications,  LAB/OCM/MPA,  BP  40, 
22301  Lannion  Cedex,  France 

An  ideal  M/SC  III  V  contact  should  be  made  by  stable  and 
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epitaxial  metallic  filns.  In  principle,  such  a  contact 
may  be  obtained  by  the  solid  state  interdiffusion  of  a 
metal  fila  with  a  III  V  SC  substrate. 

By  using  a  set  of  complementary  methods  (RBS,  TEH,  X-ray 
diffraction...)  we  explored  the  possibilities  offered  by 
the  two  systems  Ni/GaAs  ad  Ni/AlAs  annealed  up  to  600°C. 
Our  starting  point  was  the  experimental  determination  of 
the  Ni-Oa-As  ternary  phase  diagraa.  Five  ternary  phases 
which  are  structurally  derived  from  the  hexagonal  NiAs 
type  were  evidenced.  This  diagram  provides  the 
absolutely  required  basis  for  understanding  the  sequence 
of  phase  formation  in  the  Ni/GaAs  system.  The  Ni-Al-As 
diagram  was  studied  for  the  same  purpose. 

The  main  steps  of  the  interaction  appear  to  be  different 
in  the  two  systems.  During  the  Ni/GaAs  one,  three 
successive  steps  as  a  function  of  the  annealing 
temperature  are  observed  :  first  a  mixture  of  a  Ga-rich 
ternary  phase  (phase  C)  *  NiAs,  then  phase  C  ♦  NiAs  ♦ 
NiGa  and  at  last  the  two  binaries  NiAs  ♦  NiGa  where  the 
reaction  stops.  In  the  case  of  the  Ni/AlAs  reactions, 
the  three  steps  successively  correspond  to  a  mixture  of 
NiAl  ♦  a  As-rich  ternary  phase  (phase  B)  then  NiAl  ♦ 
phase  B  ♦  NiAs  and  finally  NiAl  ♦  NiAs.  NiAs  and  NiAl 
are  the  key  compounds  in  Ni/GaAs  and  Ni/AlAs  reactions 
respectively  and  all  the  reaction  compounds  are  either 
hightly  textured  (pseudocubic  NiAs  and  ternaries)  or 
epitaxial  (cubic  binaries  NiGa  and  NiAl). 

DIO.  3 

LATTICE  DISTORTION  OF  SINGLE-CRYSTAL  CoSi2  COLUMNS 
EMBEDDED  IN  SINGLE-CRYSTAL  SILICON.* 

Shin  Hashlmoto.  Q.F.  Xiao,  and  W.M.  Gibson.  State  University  of  New 
York  at  Albany.  Albany.  NY:  C.W.  Nleh.  California  Institute  of 
Technology.  Pasadena,  CA;  and  R.W.  Fathauer.Jet  Propulsion 
Laboratory.  California  Institute  of  Technology.  Pasadena.  CA. 

Codeposition  of  Si  and  Co  on  a  heated  Sillll)  substrate  with  a  St  Co 
ratio  greater  than  3  results  in  epitaxial  columns  of  cobalt  dlalllclde 
(with  a  channeling  minimum  yield  of  approximately  4%)  embedded 
in  high  quality  epitaxial  SI  (with  a  channeling  minimum  yield  of 
approximately  3%).  The  average  diameter  and  density  of  the  slUckle 
columns  can  be  controlled  by  deposition  parameters  such  as  the  Co.Sl 
flux  ratio  and  the  depostlan  temperature. 

The  average  lattice  distortion  (or  strain)  in  the  slllcide  columns  la 
measured  by  ion  channeling.  Due  primarily  to  contralnts  of  the 
surrounding  Si  lattice,  the  unit  cell  of  the  cobalt  dlalllclde  lattice  in 
the  columns  is  elongated  perpendicular  to  the  substrate  when  the 
average  aspect  ratio  (height  diameter)  of  the  columns  Is  greater  than 
approximately  1.4.  Thu  U  In  contrast  to  the  case  of  the  cobalt 
dlalllclde  lattice  In  ordinary  two-dimensional  Aims  where  the  unit 
cell  U  elongated  parallel  to  the  substrate  due  to  the  smaller  lattice 
constant  of  cobalt  duilldde  compared  to  SI  and  to  constraints  at  the 
planar  interface.  Thu  indicates  a  different  type  of  mismatch 
accommodation,  unlike  the  usual  accommodation  In  two- 
dimensional  epitaxial  films  grown  on  planar  substrates. 

• 

Work  partially  supported  by  SDIO  and  NASA. 

DIO. 4 

STABILITY  OF  THE  ELECTRICAL  PROPERTIES  OF  PT-GA 
IRERKETALUCS  OH  AHHEALMC  CONDITIONS.  Lsrrv  P.  Sadwiek. 
Departaunc  of  Elactrlcal  Engineering,  University  of  Utah, 
Salt  Lake  City,  Utah  84112;  Young  K.  Kia,  Delroy  Baugh  and 
R.  Stanley  tollllans,  UCLA  Departaent  of  Chaaistry  and 
Biochealstry  2080  Young  Hall,  Los  Angelas,  CA  90024 


Aablent  dependent  annealing  studies  of  the  eleetrical 
properties  of  thin  fllas  of  single  phase  platlnua-galllua 
(Pt-Ca)  interne tallica  (PtCaj,  PtCa,  and  PtjCa)  on  CaAs  are 
investigated.  The  thin  Pt-Ca  fllas  have  been  grown  on  CaAs 
by  aolacular  beau  epitaxy  by  eo-evaporatlen  of  the  eleaents. 
The  aotlvation  behind  this  study  is  to  determine  the 
theruodynaalc  stability  of  the  single  phase  Pt-Ca 
interne tal lie  faally  aeabers  as  potential  candidates  for 
high  temperature  stable  contacts  to  CaAs.  Our  previous  work 
II]  has  established  that  PtjCa  on  CaAs  is  not  stable  on  CaAs 
when  annealed  in  nitrogen  gas  while  both  PtCa2  and  PtCa 


appear  to  be  stable  to  approximately  450  C  and  600  C, 
respectively.  As  expected  froa  the  Pt-Ga-As  ternary  phase 
diagraa,  no  PtAs2  phases  were  observed  for  either  PtCa2  or 
PtCa.  The  work  presented  in  this  talk  will  focus  on  both  the 
electrical  properties  and  the  chemical  and  phase 
transformations  which  occur  upon  temperature  annealing 
voder  different  sab  lents  of  the  thin  (1000  to  2000  Angstroa) 
fllas  on  CaAs.  The  primary  material  and  surface  science 
characterization  tools  aaployed  in  this  study  are  two  theta 
x-ray  diffraction  (XRD),  x-ray  photoealsslon  spectroscopy 
(XPS),  and  Auger  electron  spectroscopy  (AES).  The  barrier 
height  and  the  ideality  factor  of  these  fllas,  among  other 
electrical  data  are  monitored  after  each  anneal  cycle. 


1.  L.P.  Ssdwick,  Y.K.  Kia.D.K.  Shuh,  K.L.  Hang,  and  R.S. 
Williams,  1989  Electronic  Material  Conference,  Boston,  Mass. 

D10. 5 

CHARACTERIZATION  OF  ErAs/GaAs  and  GaAs/ErAs/GaAs 
STRUCTURES.  Jane  G,  Zhu.  Chris  J.  Palmstrom*,  Suzanne 
Mourner*  and  C.  Barry  Carter,  Department  of  Materials  Science  and 
Engineering,  Cornell  University,  Ithaca,  NY  14853;  *Bellcore,  Red 
Bank,  NJ  07701. 

Rare-earth  meta'.  arsenides  have  recently  been  grown  epitactically  on 
GaAs.  Such  materials  provide  the  potential  of  incorporating  rare-earth 
mono-arsenides  into  semiconductor  heterostructures.  These  structures 
may  also  provide  means  for  improving  metal  contacts  to  compound 
semiconductor  devices.  ErAs  has  NaCl  structure,  which,  like  GaAs,  is 
face-centered  cubic  but  with  a  different  two-atom  basis.  The  lattice 
constant  of  ErAs  is  only  1.6%  larger  than  that  of  GaAs. 

Smooth  epitactic  layers  of  ErAs  have  been  grown  with  different 
thicknesses  on  GaAs  (100)  substrates  by  molecular-beam  epitaxy.  The 
misfit  dislocations  at  the  ErAs/GaAs  interface  have  been  characterized  by 
weak-beam  dark-field  imaging  for  plane-view  samples  and  by  high- 
resolution  transmission  electron  microscopy  for  cross-section  samples. 
The  misfit  dislocations  lie  primarily  along  the  common  <001  >  directions 
when  the  ErAs  layer  is  thin.  However,  as  the  thickness  of  the  ErAs 
increases,  the  dislocations  become  more  irregular  and  some  of  the 
dislocations  then  lie  on  <01 1>  orientations.  A  model  of  the  formation  of 
these  misfit  dislocations  will  be  presented. 

GaAs/ErAs/G  iAs  'with  different  thicknesses  of  the  ErAs  well  have  also 
been  characterized.  At  present,  when  GaAs  is  overgrown  on  the  ErAs 
layer,  it  tends  to  be  heavily  twinned.  The  top  GaAs  layer  is  also  faceted 
which  presumably  is  the  result  of  the  island  growth.  The  GaAs  grown  on 
ErAs  has  a  tendency  to  be  epitactically  aligned  with  the  ErAs,  i.e., 
GaAs(100)//ErAs(100).  However,  areas  of  GaAs(l  1  l)//ErAs(100)  or 
GaAs(122)//ErAs(100)  have  been  observed.  The  origin  of  the  defects 
will  be  discussed. 


Dio. 6 

SILICON  CONSUMPTION  DURING  SELF-ALIGNED  TITANIUM  S0.ICIDE 
FORMATION  ON  SHALLOW  JUNCTION.  P.L  Smilh1.  C  M.Osbum1-2. 
'Microelectronics  Center  of  North  Carolina  (MCNC),  P.O.  Box  12889.  Research 
Triangle  Park,  North  Carolina  27709,‘Department  of  Electrical  and  Computor 
Engineering,  North  Carolina  Slate  University,  Raleigh.  North  Carolina  27695- 
7911. 

Silicon  consumption  during  the  self-aligncd-silicide  process  using  titanium  reac¬ 
tion  with  silicon  has  been  studied.  The  self-aligned  silicide  (SALIC IDE)  process 
was  developed  to  overcome  the  conductivity  and  contact  resistance  limitations 
associated  with  very  shallow  juncuons.  Typical  one  micrometer  CMOS  lecbol- 
ogy  employing  junctions  deeper  than  0.25  um  with  sheet  resistances  below  100 
ohm  might  only  derive  modest  benefit  from  this  process.  Half-micromeier  tech¬ 
nology  however,  with  junction  depths  below  0.2  um  and  sheet  resistances  of  a 
few  hundred  ohms/sq  is  an  ideal  candidate  for  this  process.  A  fundamental  limi¬ 
tation  of  the  Salicide  process  is  the  silicon  required  to  selectively  react  with  metal 
to  form  the  silicide.  As  junction  scale  to  smaller  dimensions,  the  silicon  con¬ 
sumption  must  also  be  scaled  so  that  the  silicide  does  not  penetrate  the  junction. 
This  study  was  initiated  to  belter  quantify  the  silicon  consumption  occuring  dur¬ 
ing  titanium  silicide  formation,  lo  examine  techniques  lo  reduce  the  silicon  con¬ 
sumption  during  silicidation,  and  lo  define  the  maximum  permissible  silicide 
thickness  on  ultra  shallow  (<!00nm)  junction  as  might  be  needed  for  quaner- 
micrometer  and  smaller  devices.  Results  indicate  that:  (1 )  Silicon  consumption  in 
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boron  and  arsenic  shallow  junction  regions  is  larger,  by  70%.  than  can  be 
explained  simply  on  the  basis  of  silicide  formation.  (2)  The  annealing  gas  atmo¬ 
sphere  has  an  important  influence  on  the  amount  of  excess  silicon  consumption. 
(3)  Lateral  loss  of  silicon  and  loss  from  the  TiON  etching  must  be  considered. 

DIO.  7 

PREFER E3JTIAL  GROWTH  OF  CoSi2  IN  Co/Si  SOLID  STATE 
INTERACTION.  Liu  Ping,  Hong  Feng,  Li  Bingzong, 
and  Shen  Xiaoliang,  Fudan  University,  Shanghai, 

P.R. China 

In  recent  years,  CoS±2  has  been  studied  inten¬ 
sively  because  of  its  possible  application  in 
microelectronics.  In  this  work  the  CoSi2  thin 
film  growth  by  Co/Si  solid  State  interaction 
was  investigated.  Four-point  probe,  AES,  XRD  and 
other  techniques  were  used  to  characterize  the 
electrical  and  crystalline  properties  of  the 
films  formed  on  (111)  and  (100)  Si  substrates. 

A  strong  preferential  CoSi2  (111)  orientation 
grain  growth  was  observed  on  (111)  Si  substrate. 
The  formed  CoSi2  film  is  highly  conductive  with 
a  resistivity  of  about  15  um.cm.  The  behaviors 
of  oxygen  and  other  impurities  during  Co/Si 
interaction  has  also  been  studied  and  the  snow¬ 
plow  effect  of  some  impurities  was  observed. 

DIO.  8 

EPITAXIAL  GROWTH  OF  IrSi3  ON  Si  (1 1 1).  T.  L.  Lin.  Jet  Propulsion 
Laboratory,  California  Institute  of  Technology.  Pasadena,  CA  ;  C.  W. 
Nieh.  Keck  Laboratory  of  Engineering,  California  Institute  of  Technology, 
Pasadena,  CA  ;  Shin  Hashimoto,  and  Q.  F.  Xiao,  Physics  Department  and 
Institute  for  Particle-Solid  Interaction,  State  University  of  New  York  at 
Albany,  Albany,  NY. 

lrSi3  has  a  hexagonal  crystal  structure  and  the  lattice  mismatch  between  the 
IrSi3  (0001)  plane  and  the  Si  (111)  plane  is  about  -1.8%  at  room 
temperature  along  all  three  <ll0>  Si  directions.  Localized  epitaxial  growth 
of  lrSi3  on  (1 1 1)  and  (100)  Si  has  been  previously  reported  by  Chu  et  al. 
with  epitaxial  regions  consisting  of  three  dominant  modes  and  40  pm  in  size 
after  annealing  iridium  thin  films  on  Si  at  1000  °C(1  J. 

We  are  studying  the  epitaxial  growth  of  single-phase  IrSi3  layers  on  Si(l  11) 
by  two  growth  techniques :  reaction  deposition  epitaxy  and  molecular  beam 

S.  The  samples  were  characterized  in-situ  by  reflection  high  energy 
n  diffraction,  and  ex-situ  by  scanning  electron  microscopy, 
Rutherford  backscattering  spectroscopy  (RBS),  and  transmission  electron 
microscopy  (TEM). 

Epitaxial  growth  of  IrSi3  films  on  Si(lll)  were  achieved  at  growth 
temperatures  ranging  from  630  to  800  °C.  Good  surface  morphology  was 
observed  for  IrSi3  layers  grown  at  temperatures  below  680  °C.  TEM 
analysis  reveals  that  die  IrSi3  layers  grow  epitaxially  on  Si(lll)  with  three 
epitaxial  modes  and  a  minimum  channeling  yield  of  32%  was  observed  for 
the  samples  grown  at  630  °C  by  RBS. 

••This  work  was  sponsored  by  NASA  and  SDIO  as  pan  of  JPL's  Center 
for  Space  Microelectronics  Technology. 

1.  J.  J.  Chu  and  L.  J.  Chen,  J.  Appl.  Phys.,  63  (4),  1 163  (1988) 


D10. 9 

BORON  V3xV3  INTERFACE  STRUCTURE  ON 
Si(lll):  TWO-DIMENSIONAL  ORDERED  DOPING 
LAYER.  R.L.  Headrick,  L.C.  Feldman,  l.K.  Robinson,  E. 
Vlieg,  A.F.J.  Levi,  H.S.  Luftman  and  J.  Kovalchick,  AT&T  Bell 
Laboratories,  Murray  Hill,  N.J.  07974. 

The  V3xV3  reconstruction  of  boron  on  Si(lll)  remains 
ordered  during  room  temperature  deposition  of  Si,  and  forms 
an  ordered  Si(lll)BV/3"xv3"/a-Si  interface  with  1/3  monolayer 
boron  at  the  interface.  In-situ  syncrotron  x-ray  diffraction 
measurements  during  growth  of  the  Si(lll)B/a-Si  interface 
were  used  to  determine  the  interface  structure.  The  Si(lll)B 
V3  surface  is  transformed  to  the  Si(lll)B/a-Si  ordered 
interface  via  the  removal  of  Si  adatoms  from  the  surface  which 
then  become  part  of  the  amorphous  Si  layer.  The  data  is 
consistent  with  an  abrupt  crvstalline/amorphous  interface. 
This  leaves  a  two-dimensional  v3xV3'  boron  array  in  normal 
fourfold  coordinated  substitutional  sites  at  the  interface.  Since 
substitutional  boron  is  a  p-type  dopant  in  crystalline  silicon, 
the  reconstruction  layer  is  expected  to  be  electrically  active. 
Hail  effect  meaureroents  at  4*I<  show  a  high  p-type  carrier 
density  (>10M/cm2)  at  the  Si(l  1 1  JBVS'xVT /a-Si  interface. 

D10. 10 

EPITAXIAL  GROWTH  OF  [001]  Cr  ON  [001]  LiF*.  J.  Matlsont":  M. 
B.  Brodsky**;  J.  B.  KettersonL 

The  temperature  and  growth-rate  dependence  of  e-beam 
deposited  Cr  on  LiF  [001]  substrates  has  been  studied  with  in  situ 
RHEED,  X-ray  diffraction,  and  magneto-transport  measurements. 
RHEED  measurements  indicate  that  in  the  temperature  range 
500°C  >  T  >  400°C  and  with  evaporation  rates  <  1  A/s,  epitaxial 
growth  occurs.  These  same  measurements  also  indicate  that 
there  is  a  thickness  region  where  layer-by-layer  growth  is 
observable  alonj-  the  [1 1 0]  direction  before  being  observed  along 
the  [010]  direction,  at  60A  and  100A  respectively.  There  is 
evidence  in  these  films  for  surface  reconsfruction,  and  work  is 
presently  being  done  to  establish  the  nature  of  this  surface 
reconstruction.  Resistivity  measurements  have  shown  that  as  the 
degree  of  epitaxy  is  improved  and  the  thickness  increases,  the 
residual  resistance  ratio,  p(300K)/p(4.2K)  also  increases  from  5 
(at  500A)  to  more  than  50  (at  200oA). 

t  Dnpt.  Physics,  Northwestern  University,  Evanston,  IL 
**  MS O  Argonne  National  Laboratory,  Argonne,  IL 

*  This  work  supported  by  the  U.S.Department  of  Energy  under 
contract  No.  W-31-109-ENG-38 

D10. 11 

THE  GERMANIUM  GROWTH  MECHANISM  ON  (1102)  SAPPHIRE 
DEPOSITED  BY  MOLECULAR  BEAM  EPITAXY,  David  J. 
Godbev .  Mark  E.  Twigg,  Geoff  P.  Malafsky,  and  Syed 
B.  Qadri,  Naval  Research  Laboratory,  Code  6816, 
Washington,  D.C.  20375 

Single  crystal  germanium,  films  have  been 
successfully  grown  on  the  (1102)  sapphire  face 
using  molecular  beam  epitaxy.  The  growth  mechanism 
is  3  dimensional  at  high  temperatures,  but 
approaches  2  dimensional  growth  at  lower 
temperatures.  Islands  were  formed  on  a  film  grown 
at  800  C  and  5  nra  thick  that  had  a  mean  diameter  of 
22+4  nm,  while  islands  on  a  film  40  nm  thick  had  a 
mean  diameter  of  110+70  nm.  Scanning  electron 
microscopy  shows  that  the  films  grown  at  800  C  have 
a  rough  surface.  Growth  at  temperatures  of  400  C 
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produced  smooth  surfaces,  but  resulted  in 
polycrystalline  films.  By  using  solid  phase 
epitaxy  techniques,  we  have  succeeded  in  growing 
singly  oriented  films  with  good  surface  properties 
at  350  C.  The  use  of  germanium  on  sapphire  as  a 
substrate  for  MBE  grown  gallium  arsenide  has  been 
explored,  and  will  also  be  addressed. 


fluoride*  on  InP.  The  x-ray  diffraction,  SEK,  TEM, 
XPS  and  high  frequancy  capacitance-voltage  results 
are  presented. 

This  work  is  supported  by  SDIO/1ST  and  managed  by 
the  AR0. 


DIO. 12 

RAPID  HETEROEPITAXIAL  GROWTH  OF  Ge  FILMS  BY 
PULSED  SUPERSONIC  FREE  JET  CHEMICAL  BEAM 
EPITAXY.*  Djula  Eres.  D.  H.  Lowndes,  J.  Z.  Tischler,  T.  E. 
Haynes,  and  M.  F.  Chisholm,  Oak  Ridge  National  Laboratory, 
P.  O.  Box  2008,  Solid  State  Division,  Oak  Ridge,  TN. 

Epitaxial  Ge  thin  film  growth  rates  (0.25  pm/s)  that  are 
significantly  higher  than  attainable  by  conventional  vapor  phase 
epitaxial  growth  methods  were  achieved  by  utilizing  a  pulsed 
supersonic  free  jet  expansion.  The  Ge-bearing  source 
molecules  (GezHg)  were  seeded  in  a  helium  carrier  gas  (5% 
Ge2H6).  A  pulsed  free  jet  expansion  of  this  gas  mixture  was 
directed  toward  the  surface  of  a  heated  GaAs  (100)  substrate 
where  Ge  film  growth  took  place  by  surface  induced  thermal 
decomposition  of  the  impinging  GezHg  molecules.  The  growth 
mechanism  is  believed  to  be  governed  by  molecular  scattering 
events  involving  thermal  decomposition  products  and 
undecomposed  Ge2H6  molecules,  rather  than  by  solid-gas 
eauilibrium  thermodynamics.  The  microstructural  properties  of 
the  films  were  investigated  by  double  crystal  x-ray  diflractometry, 
cross-section  transmission  electron  microscopy  and  Rutherford 
backscattering  spectrometry. 


‘Research  sponsored  by  the  Division  of  Materials  Sciences,  U.S. 
Department  of  Energy  under  contract  DE-AC05-840R21400  with 
Martin  Marietta  Energy  Systems,  Inc. 


DIO. 13 

SOLID  PHASE  EPITAXIAL  GROWTH  OF  II-A  FLUORIDES  ON 
InP  BY  IN-SITU  RAPID  ISOTHERMAL  PROCESSING. 

R.  SINGH.  F.  Radpour,  A.  Kumar,  R.P.S.  Thakur, 
University  of  Oklahoma,  Norman,  OK;  J.  Narayan, 
A.R.  Srivatsa,  North  Carolina  Stats  University, 
Raleigh,  NC;  A.J.  Nelson  and  H.S.  Ullal,  Solar 
Energy  Research  Institute,  Golden,  CO. 

Availability  of  epitaxial  dielectrics  on 
crystalline  conductors,  superconductors  and 
seaiconductors  in  any  desired  sequence  (e.g. 
dielectric  on  seniconductor  etc.  and  vice-versa) 
can  result  into  new  and  improved  microelectronic, 
optoelectronic,  superconducting  electronic  devices 
and  circuits  as  well  as  integration  of  diverse 
technologies  on  the  sane  substrate.  Out  of  the 
various  potential  epitaxial  dielectrics,  group  II- 
A  fluorides  (CaF.,  BaFt,  SrF,  and  thair  mixtures) 
have  shown  promising  results.  Rsduced  thermal 
budget  (product  of  processing  tins  and  temperature) 
processing  techniques  are  essential  for  the  next 
generation  of  devices  and  circuits.  A  number  of 
undesirable  phenomenon  can  be  minimised  if  the 
dielectric  is  deposited  at  room  temperature 
followed  by  solid  phase  epitaxial  growth.  We  have 
used  in-situ  rapid  Isothermal  processing  for  in- 
situ  cleaning  the  substrate,  end  anneal  the  room 
temperature  deposited  II-A  fluoride  films  on  (100) 
and  (111)  InP.  In  this  paper  for  the  first  time  ws 
report  the  solid  phase  epitaxial  growth  of  II-A 


DIO. 14 

STRAIN  -CONTROLED  HIOT  MOBILITY  IN  MODULATION  DOPED  Si„ 
•Ge«.  ,/Ge/Si, -,G,  HETERO -STRUCTURES.  M.MIYA0.  1 

MURAKAMI,  H.ET0H,  and  LNAKAGANA  Cent.  Res.  Lab. 
Hitachi  Ltd.,  Kokubunji,  Tokyo  185,  Japan 


Comprehensive  studies  of  Si0.  sGe0.  ■  / Ge  /  Sii  -«Ge» 
hetero-structures  are  described.  In  these  experiments.  Sii 
-«Ge,  buffer  layers  (200na)  were  grown  on  (100)  Ge 
substrates  by  molecular  beam  epitaxy  (520C)  and  then  Ge 
filss  (20m)  and  modulation  doped  (Ga)  -  Sio.  sGeo.  •  (30m) 
films  were  grown  (400  T  )  commensurate ly.  Strains 

generated  by  the  hetero  -structure  were  monitored  using 
Raman  spectroscopy.  In  addition,  two  dimensional  hole 
mobilities  at  the  Sio.  sGeo.  >/Ge  interface  were  evaluated 
by  Hall  measurements. 

In  the  Raman  spectra,  peaks  from  4  different  lattice 
vibrations,  i.e  Si -Si.  Si-Ge,  Ge-Ge  and  strained  Ge-Ge, 
were  observed.  The  frequency  difference  between  the 
strained  Ge-Ge  peak  from  the  MBE  grown  Ge  films  and  the 
strain  free  Ge-Ge  peak  from  Ge  substrates  was  found  to  be 
propotional  to  the  x-values  in  the  buffer  Sii -,Ge*  layers. 
The  relation  between  the  strains  (c)  and  x-values  was 
obtained  as  t(2)=3.8(x-l).  In  this  way.  accurate  control 
of  strain  in  the  Ge  films  becomes  possible  by  changing 
the  x-value  in  the  buffer  layer. 

Two  dimensional  hole  mobilities  measured  at  77K 
increased  with  strain  in  the  low  strain  region  (0.352  -  0. 
85 2 ) .  This  suggests  that  the  band  gap  and/or  band 
structure  of  the  Sio.  »Ge0.  •  /  Ge  hetero  -interface  is 
strongly  influenced  by  the  stress  field.  However,  in  the 
high  strain  region  (0.95  2  -  1.522),  hole  nobility 
decreased  due  to  the  formation  of  dislocations.  The 
maximum  hole  mobility  (77K)  obtained  was  2400cm W.s  at 
the  strain  value  of  0.952.  This  nobility  is  4  times 
higher  than  that  reported  for  the  modulation  doped  p-Si  / 
Sio.  «Geo.  t/Si  herero-structure[ll. 

[1]  R.  People  et  al.  Appl.  Pnys.  Lett.  45.  1232,  (1884) 


D10. 15 

STRUCTURAL  CHARACTERIZATIONS  OF  SYMMETRICALLY 
STRAINED  CeBSln  SUPERLATTICES.  R.  C.  BOWMAN  JR. 
and  P.M.  Adams,  The  Aerospace  Corporation,  Los 
Angeles,  CA;  C.C.  Ahn,  California  Institute  of 
Technology,  Pasadena,  CA;  S.J.  Chang,  V.  Arbet, 
and  K.L.  Uang,  University  of  California,  Los 
Angeles,  CA. 

GeaSin  strained  layer  superlattices  have  been  pre¬ 
pared  by  MBE.  These  GcaSln  heteroepltexlel  super- 
lattices  vers  grown  on  relaxed  GeySlj_y  buffer 
layers  In  order  to  symmetrise  the  strain  distri¬ 
bution  and  thus  obtain  pseudomorphlc  growth  of 
nominal  300nm  thick  superlattices.  Samples  with 
different  superlattice  periodicities  and  different 
individual  layer  thlckneaa  ratios  were  prepared. 
Cross-sectional  transmission  electron  microscopy, 
x-ray  diffraction,  and  Raman  scattering  spectro¬ 
scopy  have  been  used  to  characterise  these  samples. 

This  paper  describes  the  geometrical  properties 
(l.e.,  layer  thicknesa,  uniformity,  homogeneity, 
and  interface  ebruptness)  and  crystalline  per¬ 
fection  of  the  auperlattice  layers  as  deduced  from 
these  measurements.  The  compositions  and  defect 
structures  of  the  GeySii_-  buffer  layers  wsre  found 
to  have  significant  Influence  on  the  quality  of  the 
superlattices .  In  partlculsr,  more  disorder  was 
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apparent  for  auperlattice  acructures  grown  on 
Ge0.5Si0.5  buffers  than  those  grown  on  buffer 
layers  with  significantly  higher  or  lower  Ge  con¬ 
tents.  The  effects  of  thermal  anneals  on  the 
stability  and  relaxation  behavior  will  also  be 
reported . 

DIO. 16 

PLASTIC  FLOW  IN  Si/Ge  QUANTUM  WELL  STRUCTURES. 
Mark  E.  Twigg.  GEO-Centers,  Inc.,  Fort  Washington, 
Md  20744;  and  D.  J.  Godbey  Naval  Research 
Laboratory,  Washington,  D.  C.  20375. 

Understanding  plastic  flow  in  semiconductor  quantum 
well  structures  is  an  important  step  in  developing 
a  successful  model  for  the  mechanical  stability  of 
more  complicated  modulated  device  structures.  As 
the  first  step  in  conducting  such  a  fundamental 
study,  we  have  used  molecular  beam  epitaxy  in 
growing  a  simple  quantum  well  structure  on  a  (001) 
silicon  substrate  that  consists  of  a  lOOnm  Si 
buffer,  a  60 no.  Si,  ,Ge,  ,  quantum  well,  and  500nm  of 
epitaxial  Si.  We  grew  this  structure  at  a 

deposition  rate  of  0.2na/sec  and  a  growth 
temperature  of  500'C.  In  order  to  study  subsequent 
plastic  flow,  the  as-grown  material  was  subjected 
to  four  different  annealing  treatments:  800“C  for  30 
minutes,  850'C  for  30  minutes,  900*C  for  30  minutes, 
and  1200#C  for  30  seconds.  From  measurements  of  the 
dislocation  density  using  plan-view  transmission 
electron  microscopy,  we  found  the  strain  relief  in 
the  as-grown  film  to  be  4xl0's.  For  all  four 
annealing  treatments  we  found  that  the  strain 
relief  increased  to  a  value  of  2x10'*.  Because  all 
dislocations  observed  in  these  films  occurred  as 
paired  misfit  dislocation  dipoles,  plastic  flow  in 
this  system  must  be  dhe  to  the  propagstion  of 
double  kinks.  It  is  our  conjecture  that  such  low 
observed  values  for  strain  relief,  in  annealed 
quantum  well  structures,  can  be  explained  in  terms 
of  a  new  mechanical  stability  criterion  for  double 
kink  extension. 

DIO. 17 

THERMAL  STABILITY  OF  Si/Si„,<Gc0,</SJ  MODULATION  DOPED  DOUBLE 
HETEROSTRUCTURES.  P.J  Wane.  B.S.  Meyrrson.  P.M  Fahey.  F.  LeGoues.  C.J 
Scilla.  and  J.M.  Coue,  IBM  T.l  Wauon  “(-search  Center.  P.O.  Box  218.  Yorkiown 
Heights,  NY  10598 


Si/SiGe  heternsiruciures  have  potential  applications  for  many  advanced  devices. 
Since  Si  and  SiGe  are  latlice-mismalched,  heterostruclures  based  on  these  alloy 
systems  are  meiasiablc.  Several  growth  techniques,  such  as  molecular  beam  epitaxy 
(MBE)  and  ultra  high  vacuum/  chemical  vapor  deposition  (UHV/CVD),  have  been 
demonstrated  to  enable  the  growth  of  coherently  strained  Si/SiGe  at  low  temper- 
atures.  The  low  growth  temperature  provides  insufficient  energy  for  atoms  to  over¬ 
come  a  kinetic  barrier  and  inhibits  tbe  structural  relaxation  process  However,  these 
strained  heterostruclures  are  inclined  to  relax  if  they  are  subjected  to  temperatures 
well  above  the  growth  temperature. 


Tbe  thermal  stability  of  Si/SigmGe,  ,,/Si  p-type  modulation  doped  double 
beterosiructures  grown  by  the  'JHV/CVD  technique  has  been  examined  by  Hall 
measurement,  transmission  electron  microscopy,  and  secondary  ioo  mass 
spectroscopy.  As-grown  heterostruclures  showed  two-dimensional  bole  gas 
(2DHG)  conduction  at  abrupt  Si/SiGe  and  SiGe/Si  interfaces.  An  anneal  at  800 
°C.  for  I  hr.  promoted  the  migration  of  boron  acceptors  to  the  heteroimerfaces. 
This  degraded  tbe  electrical  properties  of  beterosiructures  but  they  still  retained 
20HG  conduction.  Rapid  redistribution  of  boron  and  the  disappearance  of  2DHG 
conduction  was  observed  after  a  900  °C,  0.S  hr.  anneal.  No  misfit  dislocations  were 
observed  for  aD  the  annealed  heterostruclures  demonstrating  the  defect-free  crystal 
quality  of  these  as-grown  strained  beteroepitaxial  layers.  Tbe  problems  associated 
with  inierdifrueion  of  Ge  is  sxamined  and  will  be  discussed. 


D10. 18 

EPITAXY  OF  SifflGe„  ATOMIC  LAYER  SUPERLATTICES  J.-M 
Baribcau.  DJ.  Lockwood,  M.W.C.  Dharma- wardana,  D.C.  Houghton 
and  N.L.  Rowell,  Division  of  Physics,  National  Reasearch  Council 
Canada,  Ottawa,  K1A  0R6,  CANADA. 

In  recent  years  there  has  been  much  interest  in  the  synthesis  of  semi¬ 
conductor  superlattices  for  use  in  device  applications.  Strained-layer  su¬ 
perlattices  are  of  particular  interest  because  strain  adds  an  extra  degree  of 
freedom  to  bandgap  engineering.  Si/Sii.*Gex  strained  heteroepitaxy  has 
been  studied  extensively  and  novel  devices  based  on  that  materials 
system  have  been  proposed.  Recently,  it  has  also  been  predicted  that  due 
to  gone  folding  effects,  very  short  period  (SimGe„),,  atomic  layer 
superlattices  (ALS),  made  of  p  periods  of  alternating  m  and  n  monolayers 
of  Si  and  Ge,  may  have  optical  properties  not  observed  in  the  host 
materials.  In  particular  it  is  expected  that  for  certain  values  of  m  and  n 
and  specific  strain  conditions,  quasi-direct  band  gap  could  be  obtained 
in  these  ALS.  In  this  paper  we  report  the  molecular  beam  epitaxy  growth 
of  various  (SimGe*)p  ALS  and  their  characterization  by  Raman  scattering 
spectroscopy,  double  crystal  X-ray  diffraction,  transmission  electron  mi¬ 
croscopy  and  photoluminescence.  The  ALS  were  prepared  on  (100)  Si, 
(100)  Ge  and  on  Sii.jGez  buffers  to  study  the  substrate  dependence  of 
their  structural  and  optical  properties.  Annealing  treatments  were  also 
performed  to  study  interdiffusion  and  strain  relaxation.  Planar  growth 
was  observed  on  Ge  substrates  but  the  microstructures  showed  some 
waviness  on  Si  substrates  and  a  high  defect  density  on  alloy  buffers. 
Phonon  peaks  due  to  folding  of  acoustic  modes  were  seen  by  Raman 
scattering  spectroscopy  in  the  frequency  range  60-200  cm*1.  The 
observed  Raman  spectra  from  the  ALS  were  interpreted  on  the  basis  of 
an  analysis  of  theoretical  spectra  of  these  systems.  This  analysis  provided 
an  estimation  of  the  interfacial  blurring  in  the  ALS.  The  PL  investigation 
revealed  no  strong  luminescent  features  that  could  be  related  to  a  direct 
band  gap  transition. 

D10. 19 

MAGNETIC  AFTEREFFECT  IN  COMPOS IT10NALLY - MODULATED  Ni/Cu 
MULTILAYERS  PREPARED  BY  ELECTRODEPOSITION  AND  BY  SPUTTERING. 
L.H.  Bennett.  L.  J.  Swartzendruber ,  NIST.  Gaithersburg,  MD 
20899  and  V.  Abdul -Razzaq ,  West  Virginia  University. 
Morgantown,  W  26506 

There  has  been  a  large  body  of  studies  of  the  magnetic 
properties  of  Ni/Cu  superlattices  produced  from  the  vapor 
phase  by  sputtering  or  other  deposition.  A  much  smaller  body 
of  data  is  available  on  these  compositlonally-modulated 
alloys  produced  by  electrodeposition.  Therefore,  when  it  was 
discovered1  that  there  was  a  relaxation  of  the  magnetic 
moment  upon  field  changes  in  the  electrodeposited  Ni/Cu,  the 
question  arose  as  to  whether  or  not  the  effect  might  be 
unique  to  the  deposition  process.  For  example,  could  it  be 
that  the  electrodeposition  process  caused  hydrogen  to  be 
Imbedded  in  the  multilayers,  and  that  this  hydrogen  was 
somehow  related  to  the  magnetic  aftereffect  observed  in 
electrodeposited  Ni/Cu?  We  now  have  discovered  the  same 
magnetic  relaxation  in  sputtered  Ni/Cu.  Thus  the  effect, 
which  is  of  some  importance  to  the  application  of  magnetic 
multilayers  to  magnetic  recording,  does  not  appear  to  be  an 
artifact  of  the  preparation  process. 

1.  W  Atzmony,  L.J.  Swartzenduber ,  L.H.  Bennett,  M.P.  Dariel, 

D.S.  Lashmore,  M.  Rubinstein,  and  P.  Lubltz,  J.  Mag.  Magn. 

Metis.  42,  237  (1987). 


D10. 20 

THE  KINETICS  OF  SIi„Gc,/Si  RELAXATION  USING  LARGE 
AREA  DISLOCATION  IMAGING  TECHNIQUES.  D.C.  Houghton. 
P.  Timbrell  and  I.-M.  Bari  beau.  National  Research  Council  of  Canada, 
Ottawa,  Ontario  K1A  OR  6,  Canada. 

Annealing  experiments  in  the  600-900'C  temperature  range  on  MBE 
grown  SiGe/Si  heterostructures  have  revealed  an  abrupt  transition  from 
stable  to  relaxed  microsmicture.  Transitions  occurring  at  unique  strain- 
thickness  values  for  uncapped  SiGe  epilayers,  buried  strained  layers  and 
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superlattices  provide  the  thermodynamic  equilibrium  critical  thicknesses 
for  these  geometries.  Single  misfit  dislocations  at  densities  £  1  cm*2 
have  been  observed  using  Nomarski  interference  microscopy  of  defect 
etched  surfaces  and  charge  collection  microscopy  (EBIQ  in  the  SEM.  In 
addition.  X-ray  topography  and  both  plan  view  and  cross  sectional  TEM 
have  been  used  to  characterize  the  dislocation  structures.  The  kinetics  of 
misfit  accommodation  by  dislocation  glide  can  be  characterized  by  a 
relaxation  temperature  which  for  30  minute  furnace  anneals  and  excess 
stresses  below  -10* 2  G  is  600*C±25'C.  A  comparison  of  the 
sensitivities  obtained  by  each  technique  is  made.  The  extent  of  relaxation 
(misfit  dislocation  density)  for  various  anneal  cycles  and  values  of  excess 
stress  is  discussed  together  with  the  implications  for  processing  of 
devices  such  as  the  SiGe  heterojunction  bipolar  transistor  (HBT). 

DIO. 21 

STRUCTURAL  PROPERTIES  AND  THERMAL  EVOLUTION  OF  Fe/Ti  MULTI¬ 
LAYERS.  Rodmacq  B.,  Hillairet  J.,  Laugier  J.  and  Chaaberod 
,  CEN-Crenoble,  DRF,  SPH,  85  X,  38041  Grenoble  Cedex, 
France 

Fe/Tl  metallic  multilayers  deposed  by  sputtering  technique 
at  the  Fe5j  Tisr  average  composition  have  been  studied  by 
X-ray  diffraction,  MOssbauer  spectroscopy  and  electrical 
resistivity  as  a  function  of  the  period.  For  AS  4  nm,  an 
amorphous  -  like  structure  is  observed,  although  the  modula¬ 
tion  of  composition  still  exists  along  the  growth  direc¬ 
tion.  For  larger  A,  crystalline  Ti  appears,  first  with  a 
bcc  structure  (A  -  4  nm) ,  then  with  the  stable  hep  struc¬ 
ture  (A  -  6  nm)  the  c-axis  lying  along  the  multilayer 
growth  direction.  At  a  period  of  8  nm,  the  iron-rich  layer 
in  turn  crystallizes  to  a  bcc  phase  inducing  a  texture 
change  of  the  Ti  layer,  the  c-axis  lying  now  preferen¬ 
tially  in  the  plane.  Anomalies  in  both  the  lattice  parame¬ 
ters  and  crystallite  size  occur  from  this  period  up  to 
about  12  nm.  For  large--  periods,  one  tends  towards  layers 
of  practically  pure  hep  Ti  and  bcc  Fe  respectively. 

The  thermal  behaviour  depends  strongly  on  the  period,  too. 
For  A  <  8  nm,  an  interdiffusion  of  iron  and  titanium  from 
500  K  leads  to  a  metastable  bcc  solid  solution  Fejj  Ti67  . 
Above  700  K,  the  equilibrium  phases  a-Ti  and  FeTi  appear. 
On  the  contrary,  for  A  >  8  nm,  it  seems  that  titanium  pre¬ 
ferentially  diffuses  into  Fe  at  short  distance.  As  a 
result,  the  equilibrium  phases  are  formed  directly 
although  composition  modulation  along  the  growth  direction 
is  still  observed.  Above  700  K,  the  increase  of  the  grain 
size  parallels  the  disappearance  of  the  composition 
modulation. 


D10. 22 

Le  TRANSPORT  AND  EPITAXY  IN  THE  AM0RPH0US-Ge/Pd,Sl/| 111 |  Si 
SYSTEM  0 . Z. Hong ,  J.G.Zhu  and  J.V. Mayer,  Department  of 
Materials  Science  and  Engineering,  Cornell  University, 
Ithaca,  Nev  York  14853 


Solid  phase  epitaxy  (SPE)  of  Ge-Si  alloy  on  (111]  Si 
substrates  was  achieved  in  the  amorphous-Ge/Pd-Si/Jlll |  Si 
system.  Channeled  Rutherford  backscattering  spectrometry 
and  high  resolution  cross  section  transmission  electron 
microscopy  vere  used  to  investigate  the  reaction  process. 
The  SPE  started  with  the  migration  of  Ge  atoms  into  the 
epitaxial  Pd-Si  layer  at  600  C.  Then  single  crystalline 
Ge  islands  uere  formed  on  the  Si  substrate.  Finally  the  Ge 
islands  coalesced  to  form  a  uniform  epitaxial  Ge,-Si,n 
layer  on  the  (111]  Si  substrate.  In  the  meantime;  the 
Pd,Si  exchanged  positions  with  the  Ge  layer,  leading  to  a 
final  configuration  of  Pd,Si/epi-Ge,0$i,Q/'f  111  ]  Si.  The 
minimum  yield  of  the  epitaxiSl  layer  was  0.S2,  measured  in 
the  presence  of  the  top  polycrystalline  Pt^Si. 


D10. 23 

MODEL  FOR  EPITAXIAL  GROWTH  OF  CO  ON  CU<100) 

D.P.  Vvedensky  and  S.  Clarke,  The  Blackett  Laboratory  and 
Semiconductor  Materials  IRC,  Imperial  College,  London  SW7  2BZ, 
United  Kingdom 

The  kinetics  of  growth  of  Co  on  Cud  00)  are  investigated  with 
a  kinetic  solid-on-solid  model.  By  an  appropriate  choice  of  mobility 
parameters  that  reflects  the  adatom-substrate  interaction  and  the 
relative  surface  free  energies  of  the  two  materials,  the  surface  step 
density  is  found  to  reproduce  qualitatively  all  of  the  important  feat¬ 
ures  of  recent  in-situ  He-atom  scattering  experiments.  Our  study 
suggests  that  growth  is  initiated  by  regions  where  second  and  possi¬ 
bly  third  layers  of  Co  are  formed  while  other  regions  of  the  Cu 
substrate  are  uncovered.  Once  the  substrate  has  been  covered,  growth 
proceedsin  a  conventional  layer-by-layermanner.  This  interpretation 
is  in  agreement  with  the  conclusions  of  Steigerwald  and  Egelhoff  from 
their  studies  of  growth  of  Fe  on  Cu(100).  By  identifying  the  pertinent 
physical  mechanism  governing  the  early  stage  of  growth,  we  are  able 
to  provide  an  estimate  of  the  diffusion  barrier  of  Co  on  Co  overlayers 
that  agrees  well  with  an  Arrhenius  analysis  of  the  experimental  data. 


D10. 24 

MAGNETIC  PROPERTIES  OF  TbFeCo/AI  MULTILAYER  THIN 
FILMS.  B.D.  Yan,  LA.  Barnard.  M.H.  Kim,  and  G.W.  Warren, 
Department  of  Metallurgical  and  Materials  Engineering,  The 
University  of  Alabama,  Tuscaloosa,  AL  35487-0202. 

A  series  of  periodic  multilayer  TbFeCo/AI  thin  films  have  been 
prepared  by  DC  magnetron  sputtering  using  sequential  deposition 
techniques.  The  nominal  area  composition  of  the  alloy  target  was 
Tb^FeCOg.  The  configuration  of  the  films  is  of  the  form  (xA/yB)n, 
where  x  and  y  are  the  thicknesses  of  the  A  and  B  layers  respectively, 
and  n  is  the  number  of  bilayer  units  used  in  constructing  the  film.  The 
individual  layers  are  from  2-10nm  thick;  the  total  thickness  of  the 
TbFeCo  alloy  is  kept  constant  at  80nm  for  all  samples  regardless  of 
the  thickness  of  the  individual  layers.  The  magnetic  properties  of  the 
films  (eg.,  saturation  magnetization,  magnetic  anisotropy,  and 
coercivity)  have  been  measured  as  a  function  of  TbFeCo  and  A1  layer 
thicknesses  by  vibrating  sample  and  torque  magnetometry.  The 
quality  of  the  multilayers  (periodicity  of  the  superlattice  and 
snarpness  of  the  interfaces)  has  been  ascertained  by  X-ray  diffraction 
and  cross-sectional  TEM.  An  80nm  thick  homogeneous  thin  film  of 
the  TbFeCo  alloy  was  also  grown  under  identical  sputtering 
conditions  as  a  reference  and  was  found  to  have  in-plane  easy 
magnetization.  Very  pronounced  interfacial  and/or  reduced 
dimension  effects  have  been  found  in  the  multilayer  systems.  These 
include  evidence  for  a  "dead  layer"  in  the  interface  regions  (2-3nm 
thick)  and  reversal  of  the  direction  of  easy  magnetization  from  in¬ 
plane  (in  the  homogeneous  thin  film  samples)  to  strongly 
perpendicular  in  the  multilayer  configuration.  The  details  of  the 
nysteretic  behavior  of  multilayer  samples  depend  sensitively  on  the 
individual  layer  thicknesses.  These  results  demonstrate  the  potential 
for  growing  new  materials  with  precisely  tailored  properties  using 
multilayer  thin  films. 


D10. 25 

DEPENDENCE  OF  Mo/Si  MULTILAYER  MORPHOLOGY  ON 
DEPOSITION  ANOLE.  Vuandt  Cheng.  Mary  Beth  Steams  and 
David  J.  Smith .  Dept,  ot  Physics.  Arizona  State  Univ.,  Tempe. 
AZ  85287 


Mo/Si  multilayer  films  (ML)  are  one  of  the  highest  reflectivity 
systems  being  used  for  soft  X-ray  optical  elements.  Studies  show 
that  the  ML  produced  by  sputtering  nave  slightly  wider  Si  on  Mo 
interfaces  and  narrower  Mo  on  Si  interfaces  than  those  produced 
by  e-beam  evaporation.  In  order  to  investigate  whether  this  is  due 
to  the  wider  spread  of  incident  angles  in  sputtering,  a  senes  of 
Mo/Si  ML  have  been  fabricated  in  a  UHV  e-beam  evaporation 
system  at  different  deposition  angles.  The  substrate  temperature 
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(Tj)  was  varied  between  30GK  and  550K  and  the  deposition  angle 
(a)  was  varied  from  0*  (normal  incidence)  to  60*  by  tilting  the 
substrate.  The  films  were  studied  by  cross-sectional  high  resolution 
electron  microscopy. 

For  T.-300K.  the  interfaces  became  smoother  and  the  Mo 
crystallites  became  more  spherical  in  shape  as  a  was  varied  from 
0*  to  60*.  Some  ‘columnar*  structure  was  seen  in  some  samples. 

For  TS“550K.  which  is  the  optimum  temperature  for  0*.  the  Mo 
on  Si  interfaces  broadened  as  a  increased.  Beyond  30*  the  Mo 
layers  were  amorphous  and  the  Mo  and  Si  were  highly  diffused. 
Higher  « thus  produces  behavior  similar  to  that  due  to  higher  T$. 
Some  of  the  differences  between  ML  produced  by  sputtering  and 
by  vapor  deposition  can  now  be  explained. 

DIO. 26 

EFFECT  OF  SUBSTRATE  MISORIENTATION  ON 
HETEROEPITAXY  WITH  LARGE  LATTICE  MISMATCH: 

Ag/Si( 111).  D.C.  McKenna.  K.-H.  Park.  G.-C.  Wang,  Physics 
Department.  Rensselaer  Polytechnic  Institute,  Troy,  NY,  and  G.A. 
Smith,  Department  of  Physics,  State  University  of  New  York,  Albany, 
NY 

Epitaxial  films  of  Ag  were  grown  by  Molecular  Beam  Epitaxy  on 
small  angle  misoriented  Si(lll)  substrates.  The  surface  normal  was 

tilted  0  to  6°  away  from  the  Si(lll)  axis  toward  the  [1 12]  direction. 
Despite  the  large  lattice  mismatch  (-25%),  good  quality  Ag  films,  600 

to  1200  X  thick,  were  grown  on  the  misoriented  Si(lll)  substrates. 
From  X— ray  pole  figure  analysis,  the  epitaxial  relationship  is  found  to 

be  Ag(lll)/ /Si(  1 1 1 ) : Ag  [0li]//Si[011]  with  smaller  amounts  of  a 

twinning  structure  -  Ag(lll)//Si(lll):Ag[oil]//Si[Oli]. 

Interestingly,  the  angle  between  the  Si(lll)  axis  of  the  substrate  and 
the  Ag(  111)  axis  of  the  film  (the  misalignment  angle)  is  not  zero.  In 
contrast  to  the  perfect  alignment  of  Ag(lll)  on  a  flat  Si(lll) 
substrate,1  the  Ag(lll)  axis  is  tilted  away  from  the  Si(lll)  axis 
toward  the  surface  normal.  Axial  MeV  He  ion  channeling  shows  the 

misalignment  angle  (up  to  .6°)  increases  linearly  with  substrate 
misorientation  angle  (-  1/10  substrate  misorientation  angle).  Possible 
structural  models  consistent  with  the  observations  will  be  discussed. 

•K.-H.  Park.  D.C.  McKenna,  H.S-  Jin,  G.-C.  Wang.  K.  Rajan,  G. 
Smith,  L.  Luo  and  W.M.  Gibson  ,  Mat.  Res.  Soc.  Symp.  Proc.  138, 

545  (1989). 
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X  RAY  DIFFRACTION  STUDIES  OF  PSEUDOMORPHIC 
a-Ge,Sn(1_,)  ON  InSb(OOl)  W.  Lowe.  E.  Fitzgerald,  P.  Freeland,  M. 
Asom  and  R.  MacHarrie,  Jr.,  AT&T  Bell  Laboratories,  Murray  Hill,  NJ 
07974 

Using  MBE,  thick  layers  of  0-06,50(1.,)  (x  6  .13)  have  been  grown  on 
InSb(OOl)  substrates.  The  layers  have  been  characterized  by  x-ray 
diffraction  with  respect  to  their  perpendicular  lattice  constant  ax.  For 
samples  with  compositions  of  x  =  .04  and  .08  a  notable  tetragonal 
distortion  is  observed.  The  origin  of  the  distortion  is  the  in-plane 
strain-epitaxy  of  the  a-Ge,Sn(1.,j  to  the  lattice  constant  of  the  InSb. 
The  x-ray  data  shows  that  as  much  as  8%  Ge  can  be  incorporated  into 
the  a-Sn  before  the  (5  chase  becomes  significant.  Above  8%  the 
diffraction  peaks  become  broad  indicating  degradation  of  the  diffracted 
domains.  It  is  believed  that  the  present  growth  temperature  limits  Ge 
content  to  8%.  However,  in  samples  grown  to  contain  more  than  8% 
Ge  only  8%  Ge  is  incorporated  in  the  a-Sn  The  excess  Ge  is  possibly 
expelled  from  the  sample.  Data  will  also  be  presented  on 
a-Sn/Sn,Gei_,  superlattices. 


Dio. 28 

THERMODYNAMIC  PHASE  STABILITY  ON  GaAs  OF 
1NTERMETALLIC  THIN  FILMS  OF  CoGa  WITH  A  LARGE  RANGE 
OF  COMPOSITIONS.  Young  K.  Kim.  Delroy  Baugh  and  R.  Stanley 
Williams,  Department  of  Chemistry  and  Biochemistry  and  Solid  State 
Science  Center,  UCLA,  Los  Angeles,  CA. 

Crystalline  thin  films  of  CoGa  with  different  compositions  have  been 
grown  on  GaAs  (100)  by  co-deposition  of  Co  and  Ga.  The  phase 
transformations  upon  annealing  were  studied  using  two  theta  X-ray 
diffraction  (XRD),  Auger  electron  spectroscopy  (AES),  X-ray 
photoemission  spectroscopy  (XPS)  and  Transmission  electron 
miscroscopy  (TEM).  One  of  the  most  interesting  features  of  the  CoGa 
phase  is  the  large  composition  range  over  which  an  ordered  structure  is 
stable.  For  the  1:1  stoichiometric  compounds  Co  and  Ga  atoms  form 
interpenetrating  primitive  cubic  lattices,  but  for  deviations  from  1:1 
stoichiometry  there  must  be  structural  defects  in  the  lattices. 


This  presentation  will  focus  on  the  chemical  and  phase  transformations 
which  occur  upon  annealing  of  the  CoGa  thin  films  on  GaAs.  The 
stability  of  these  thin  films  as  a  function  of  the  varying  stoichiometries 
will  be  discussed  by  considering  the  thermodynamic  properties  and 
defect-related  chemical  reactions  at  the  interface  between  CoGa  and 
GaAs. 


D10. 29 

X-RAY  TOPOGRAPHIC  ANALYSIS  OF  STRAIN  FIELDS  DUE 
TO  MICRON-SIZED  GRATINGS  ON  Si(100)  AND  Al2Os  (llSO) 
SURFACES.  A.Peter  Jardine,  Michael  Dudley.  Gong-Da  Yao  and 
Lalita  A.  Balasubramanian,  Dept,  of  Materials  Science,  SUNY 
Stony  Brook,  Stony  Brook  NY  11794. 

In  a  previous  synchrotron  X-ray  topographic  examination  of  Si(100) 
samples,  in  which  0.3pm  deep  concentric  circular  gratings  were 
etched  into  the  surface  by  plasma  CVD,  it  was  shown  that  the  diffrac¬ 
tion  contrast  was  consistent  with  a  radial  strain  field.  Recently, 
we  have  also  observed  diffraction  contrast  from  identical  circular 
gratings  sputtered  into  single-crystal  sapphire,  and  from  linear  grat¬ 
ings  etched  into  Si(100)  using  plasma  CVD.  Analysis  of  white  beam 
transmission  and  reflection  topographs  enabled  characterization  of 
the  three  dimensional  distribution  of  the  strain  field  associated  with 
the  presence  of  the  gratings.  Mass  transport  processes  can  be  stud¬ 
ied  through  the  analysis  of  the  decay  of  sinusoidally  shaped  grating 
surfaces  and  so  the  presence  of  strain  fields  and  their  characteriza¬ 
tion  is  of  interest.  Similarity,  the  presence  of  strain  fields  may  be  a 
significant  factor  in  epitaxial  crystal  growth.  The  origin  and  nature 
of  these  strain  fields  will  be  discussed. 


Experiments  performed  on  the  X-ray  topography  beamhne  (X-19C) 
at  the  NSLS  is  supported  by  D.O.E.(DE-FG02-84ER45098).  Sup¬ 
port  from  NSF  (M.D,  G-D.Y,  DMR  8506948)  is  gratefully  acknowl¬ 
edged. 
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FORMATION  OF  BURIED  AND  SURFACE  CoSij  LAYERS  BY 
ON  IMPLANTATION.  M.F.  Wu,  A.  Vantomme,  G,  Lmouchfc 
IKS,  University  of  Leuven,  Belgium;  K.  Maex, J.  Vaabeiieanont, 
MEC,  Leuven,  Belgium;  J.  Vanacken,  H.  Vloeberghs  and  Y. 
3ruynseraede,  VSM,  University  of  Leuven,  Belgium. 

rhe  formation  is  studied  of  buried  CoSij  layers  and  surface  CoSi* 
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layers  formed  by  high  dose  ion  implantation  in  an  energy  range  of 
30  to  160  keV,  combined  with  conventional  furnace  annealing  or 
with  rapid  thermal  processing.  The  crystalline  quality,  the  phase  of 
the  buried  and  surface  silicide  layers,  the  abruptness  of  the 
interfaces  and  the  electrical  transport  properties  are  studied  by 
RBS,  channeling,  cross-sectional  TEM,  M6ssbauer  spectroscopy 
and  resistivity  measurements.  The  stability  of  the  buried  and 
surface  CoSis  layers  at  temperatures  between  1000’  C  and  1200'  C  is 
also  studied  and  compared  with  the  results  for  MBE  grown  samples. 

Low  energy  (30  keV)  implantations  with  a  dose  of  5  >  1016 
atoms/ cm' gave  rise  to  continuous  buried  CoSh  layers  as  thin  as  20 
nm  with  good  crystalline  quality.  High  dose  implantations,  on  the 
other  hand,  gave  rise  to  surface  C0S12  layers  with  crystalline  quality 
and  electrical  properties  comparable  to  those  of  MBE  grown 
samples  or  buried  CoSi2  layers.  It  was  found  that  buried  CoSi2 
layers  had  better  thermal  stability  than  surface  C0S12  layers  with 
similar  thickness.  The  disintegration  was  found  to  start  by  void 
formation  at  both  CoSig/Si  edges. 

010.31 

ANISOTROPIC  TRANSPORT  IN  InGaAs/GaAs  HETERO¬ 
STRUCTURES  GROWN  BY  MOVPE.  Qino  Sun.  D.  Morris,  C. 
Lacelle,  and  A.  P.  Roth,  LMS,  NRC,  Ottawa,  Canada 

Anisotropic  electron  transport  has  been  observed  in  lnxGawAs/ 
GaAs  heterostructures  grown  by  MOVPE  on  (100)  and  intentionally 
misoriented  GaAs  substrates.  The  low  field  electron  mobilities  in  two 
perpendicular  directions  are  found  to  be  higher  in  the  [110] 
direction  than  in  the  [1 10]  direction,  while  the  degree  of  anisotropy 
decreases  with  increasing  carrier  concentration.  The  ratio  of  pI110]/ 
pnTo]  derived  from  Hall  measurements  at  both  300K  and  77K  can 
be  related  to  the  degree  of  substrate  misorientation  as  well  as 
epilayer  composition,  which  varies  in  the  range  of  0<x<0.24. 

Drastic  differences  are  also  observed  in  the  photoluminescence 
spectra  of  layers  grown  on  substrates  with  different  orientations. 
These  anisotropic  properties  are  directly  related  to  the  anisotropy 
of  [110]  and  [iTo]  dislocations  due  to  lattice  mismatch  between 
the  substrates  and  the  layers. 

010.32 

STRAINED  InGaAs/GaAs  QUANTUM  WELLS  WITH  A  1.3  p.m 
BANDEDGE  AT  ROOM  TEMPERATURE  P.  Melman.  B.  Elman, 
C.  Jagannath,  Emil  S.  Koteles,  A.  Silletti,  GTE  Laboratories  !nc„ 
40  Sylvan  Rd.,  Waltham,  MA.  02254 

The  fabrication  of  long  wavelength  optoelectronic  devices  on  GaAs 
substrates  is  an  attractive  method  for  the  monolithic  integration  of 
optical  and  electronic  devices  on  a  single  chip  for  applications  in 
telecommunications.  Strained  InGaAs  quantum  wells  (QW)  grown 
on  GaAs  substrates  can  be  used  for  engineering  the  bandgap  required 
for  1.3  pm  transitions  at  room  temperature.  We  have  grown  and 
characterized  QW  structures  with  this  bandgap  using  a  technique  of 
spatial  strain  separation  to  avoid  the  stringent  restriction  of  critical 
thickness  which  limits  the  achievable  bandgap  energy  in  this  material 
system. 

The  samples  were  grown  by  MBE  on  GaAs  substrates  with  a  InGaAs 
buffer  layer  designed  to  relieve  part  of  the  strain  generated  by  the 
large  lattice  constant  mismatch.  The  indium  concentration  in  this 
layer  was  about  25%  and  the  dislocations  were  terminated  by  a 
2/2  nm  InGaAs/GaAs  superlattice.  The  InGaAs  QW,  grown  on  this 
buffer  layer,  was  6  nm  wide  with  an  indium  composition  of  45%.  The 
QW,  which  was  analysed  using  low  temperature  PL  and  room 
temperature  transmission  spectroscopy,  had  a  bandedge  around  13 
pm  at  room  temperature.  The  PL  spectra  show  broadening 
attributed  to  incomplete  termination  of  misfit  dislocations  by  the 


superlattice  layer.  A  strain  symmetrized  superlattice  should  improve 
the  quality  of  the  QW.  This  is  the  longest  wavelength  reached  with 
InGaAs/GaAs  QWs  and  this  structure  promises  to  be  suitable  for  the 
fabrication  of  long  wavelength  optoelectronics  on  GaAs  substrates. 

DIO. 33 


"A  STABLE  n-CHANNEL  InP  METAL-INSULATOR  FIELD  EFFECT 
TRANSISTOR  WITH  AN  AMORPHOUS  S1:H  GATE.  E.  Kodm.  Foundation 
For  Research  and  Technulugy-IIellus,  iierukiio  Greie.  Greece.  A.  A  Hindis. 

Electrical  Engineering  Department,  University  of  Meryland.  College  Park.  MD  20742 
and  A.  Chriaou.  Naval  Research  Laboratory.  Washington,  DC  20175 


Indium  Phosphide  and  its  ternary  and  quaternary  lattice  matched  systems  have  wide 
potential  applications  in  optoelectronic,  high  speed  digital  and  microwave 
technologies.  Conventional  n-channei  MESFETs  have  not  been  fully  developed  due 
to  a  low  Schottky  bamer  (d»6  <  0.5  eVj  resulting  in  an  excessively  high  reverse  bias 
leakage  current.  In  order  to  correct  the  leakage  problem,  insulated  gate  systems 
have  been  developed  based  on  deposited  Insulators  (1'  or  epitaxialy  grown  wide  band 
gap  semiconductors.  The  deposited  insulators  continue  to  exhibit  a  high  intetiacc 
stale  density  and  drift  in  the  gate  The  epitaxially  grown  semiconductors  are  usually 
lattice  mismatched  to  InP  which  results  in  strain  induced  interlace  states  and  thermal 
instabilities.  Amorphous  semiconductors  have  distinct  advantages  over  the  epitaxially 
grown  semiconductors  because  of  lower  deposition  temperatures,  easier  passivation 
and  lower  stress  induced  interface  states. 

In  this  work,  we  report  for  the  First  time  the  fabrication  and  dc  characteristics  of  a 
highly  liable  n-channel  InP  FET  using  a  hydrogenated  amortious  silicon  gate 

la-SiiH). 

The  devices  were  made  on  Si  implanted  (ND  ■  NA  -  5  x  io16  cm  -3)  scmi-insulating 
(100)  InP  substrates  after  nitride  encapsulation  and  annealing.  The  a-Si:H  was 
deposited  by  dc  Magnetron  sputtering  in  H2  ambient  at  200°C,  followed  by  the 
deposition  of  ihe  Pi/Au  gate  metals.  The  1  pm  gales  were  defined  by  standard 
photolithography  and  lift-off  techniques.  The  I-V  characteristics  of  the  devices 
showed  channel  pinch-off  at  Vqj*  -7V  and  a  maximum  traiuconduaance  lgm) 
between  30  and  38  mS/ntm.  The  transfer  characteristics  showed  a  flat  gm  region  for 

Vos  between  -2  and  -4V.  The  IDS  drift  of  the  FETl  was  tested  at  -  0  and  3 

V.  No  observable  change  in  IDS  was  measured  in  the  first  300  hours.  After  the 

first  300  hours  of  telling  a  3%  increase  was  indicated  for  VGS  -  -3V  The  high 

nihility  of  this  gale  system  is  attributed  to  the  low  temperature  of  deposition  and 
the  particular  passivation  of  the  InP  surface  followed  here,  as  shown  dy  Auger  and 
Low-Energy  Electron  Probe  analysis. 

The  combination  of  the  stable  characteristics  and  the  good  pinch -oft  voltages  make 
this  device  the  best  reported  to  dare  with  a-Si  H  gales”2' 


1.  K.  Otgawa,  S.  Uekusi,  Y.  Sugiyama  and  M.  Tacano.  lap  I.  Appl.  Phys .  26. 
1719  (1989). 

2.  S.  Loualiche.  C  Viuidry.  L  Henry  and  A  LeCorre,  Electronics  Lett..  22.  896 
(1986) 
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LATTICE  MISMATCH  EFFECTS  IN  GaAsP/GaAs  AND 
GaAs/GaAsP/GaAs  HETEROSTRUCTURES.  Y.W.Choi  and 
C.R.Wie,  State  University  of  New  York  at  Buffalo, 
Dept. of  Electrical  and  Computer  Engineering  and 
Center  for  Electronic  and  Electrooptic  Materials, 
Amherst  ,  New  York  14260;  S.M.  Vernon  , Spire 
Corporation,  Bedford,  MA  01730 

Structural  and  electrical  characteristics 
of  the  GaAsv_j.Px/GaAs  and  GaAs/GaAs^jjPv/GaAs 
(x»0. 02, 0.05, 0.07, 0.17  and  0.31)  heteroepitaxial 
systems  have  been  investigated  using  X-ray 
rocking  curve  technique,  Optical  Beam  Induced 
Current  (OBIC)  technique,  and  I-V-T  and  C-V 
measurements.  The  rocking  curve  Full  Width  Half 
Maximum  of  the  GaAs^.v^x  epilayer  increased 
sarply  at  x»0.17  due  to  a  decreased  layer 
thickness  and  increased  in-plane  mismatch.  As  the 
lattice  mismatch  increased,  crosshatch  pattern 
density  in  the  OBIC  image  and  Nomarski  Micrograph 
increases  and  the  ideality  factor  for  Au- 
GaAsP/GaAs  and  Au-GaAs/GaAsP/GaAs  Schottky  diodes 
increases.  The  minority  carrier  diffusion  length, 
measured  by  the  light  beam  traveling  method, 
decreased  with  increasing  in-plane  mismatch. 
Fermi-level  pinning  by  misfit  dislocation  was 
observed  for  the  higher  phosphorus  composition 
GaAsP/GaAs  samples.  Au-GaAs/GaAsP/GaAs  Schottky 
diodes  show  an  excess  current  at  a  low 
temperature  and  high  field  range  which  is 
believed  to  be  due  to  defect  related  tunneling. 
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A  TEH  AND  RHEED  TNT ESTI CATION  OF  THE  INITIAL  STAGES  OF 
InSb  CROWTH  ON  C*A«(001 )  Bl  MOLECULAR  BEAM  EPITAXY  (MBE). 
X.ZhdUx.*  A.E.  Staton-Eevan,*  O.l.'.Pashley,*  S.D.  Parker, + 
F..L.V.'illiaon , '  and  R.bioupad,-*-,  Imperial  College  ol 

firtenre.  T^rhnrtl  naj'  or\J  w*  - '  ,  Clf  7  3--.C ,  I'.u. 

(‘Department  ol  Material*,  ^Department  of  Physics). 

Th*  narrow-gap  semiconductor,  InSb,  shows  potential  for 
monolithic,  integrated,  optoelectronic  device  applications 
lYie  present  study  focuses  attention  on  the  very  early 
stages  of  MBE  grouch  of  InSb  on  CaAs(OOI),  using  the 
complementary  techniques  of  in-situ  RHEED  and  plan-view 
end  croaa-scccional  TEM.  These  techniques  provide  clear 
evidence  for  island  growth,  racher  than  monolayer  or 
Stranaki-Kraaconov  growth.  A  study  of  Che  island 
morphology  and  defect  ttructure  has  been  made  as  a 
function  of  the  amount  of  InSb  deposited.  Results  to  be 
presented  will  include  clear  evidence  for  {113}  and  {111} 
facets,  details  of  linear  and  planar  defects  in  the  InSb 
and  evidence  for  the  presence  of  an  additional  epitaxial 
sphalerite  phase. 

DIO. 36 

HETEROEPITAXIAL  GROWTH  OF  InP  ON  GaAs  WITH  INTER¬ 
FACE  LAYER  GROWN  BY  FLOW-RATED  MODULATION 
EPITAXY.  W.  K.  Chen,  J.  F.  Chen,  J.  C.  Chen,  H.  M.  Kim,  L  An¬ 
thony,  C.  R.  Wie,  and  P.  L.  Liu.  Department  of  Electrical  and  Com¬ 
puter  Engineering,  SUNY  at  Buffalo,  Amherst,  NY. 

Heteroepitaxy  adds  a  new  dimension  to  material  growth  and  device  ap¬ 
plications.  We  can  use  the  unique  features  of  several  semiconductors 
and  combine  them  to  realize  new  devices,  such  as  OEIC’s.  For 
heteroepitaxy  in  MOCVD,  the  two-step  growth  technique  is  widely 
used.  A  thin  interface  layer  is  first  grown  at  low  temperatures  prior  to  a 
high  temperature  growth.  The  interface  layer  affects  the  quality  of  the 
film. 

In  our  experiments,  InP  epilayers  were  grown  on  GaAs  substrates  by 
using  the  two-step  technique  in  an  MOCVD  system.  However,  the  in¬ 
terface  layer  was  grown  by  the  flow-rated  modulation  epitaxy  techni¬ 
que.  The  crystallinity  of  the  film  increases  initially  with  the  thickness  of 
the  interface  layer.  High  quality  films  were  obtained  with  an  interface 
layer  thicke*  u.,u  oOQ  A-  Different  from  the  conventional  MOCVD, 
the  quality  of  the  film  does  not  deteriorate  when  the  thickness  of  inter¬ 
face  layer  is  further  increased.  The  FWHM’s  of  the  x-ray  rocking  curve 
(Fe  Kai  line)  and  10  K  PL  spectrum  for  a  6.2-pjn-thick  InP/GaAs  are 
144  arcsec  and  1.28  meV,  respectively.  They  are  quite  compatible  to 
that  of  InP  homoepitaxy.  A  Schottcky  diode  made  on  the 
heteroepitaxial  film  shows  an  ideality  factor  of  1.42,  a  barrier  height  of 
0.5  eV,  and  a  leakage  current  of  2.92  x  10'3  A/cm2  at  a  reverse  bias  of 
0.5'V. 

DIO. 37 

STRAIN  AND  LATTICE-MISMATCH  IN  (001)  AND  (111) 
GalnAs/GaAs  STRAINED  LAYER  SUPERLATTICES.  H.-MJOtl 
and  C.R.W1E,  State  University  of  New  York  at 
Buffalo,  Dept,  of  Electrical  and  Computer  Engi¬ 
neering.  Bonner  Hall,  Amherst,  New  York,  14260; 
C.G.Fonstad,  Massachusetts  Instlcute  of  Techno¬ 
logy,  Cambridge,  Massachusetts,  02139 


GalnAs/CaAs  strained  layer  superlattices  (SLSs) 
grown  by  molecular-beam  epitaxy  on  (001)  and  (111) 
GaAs  substrates  are  characterized  using  double 
cryecal  X-ray  rocking  curve  (XRC) ,  for  the  first 
time  on  ( 1 11 ) -  or iented  GalnAa/GaAs  SLSs.  The 
rocking  curve  broadening  of  the  (111) -oriented 
CalnAs/GaAe  SLSs  is  much  greater  than  that  of  the 
(001)  SLS,  Indicating  that  the  layer  quality  la 
better  for  the  SLS  grown  on  a  (001)  substrata  than 
for  thoae  grown  on  a  (111)  substrate.  This  teems 


to  be  mainly  due  to  the  degree  of  lattice 
relaxation  in  each  SLS.  The  computer  simulation 
based  on  the  dynamical  X-ray  diffraction  theory 
indicates  a  nearly  pseudomorphlc  tetragonal 
distortion  for  the  (001) -oriented  SLS  and  a 
partially-relaxed  rhombohedral  distortion  for  the 
(111) -orientation.  The  plain  and  graded  buffer 
layers  are  partially  relaxed  for  (111 ) -oriented 
SLSs.  We  show  the  influence  of  random  fluctuations 
of  layer  thicknesses  in  the  higher  order  SLS  peaks 
in  th-  rocking  curves  of  the  (001) -oriented 
sample,  l'he  in-plane  elastic  strains  obtained  from 
XRC  are  in  good  agreement  with  data  obtained  from 
Raman  spectroscopy. 

DIO. 3R 

RAPID  GROWTH  OF  THICK.,  IC  QUALITY.  GaAs  LAYERS 
FROM  A  FLOWING  SOLUTION.  E.  E.  Crisman.  J.  T.  Daly 
H.  J.  Gcrritsen.  C.  Roberts  and  D.  Schaafsma.  Department  of 
Physics,  Brown  University,  Providence,  RI  02912 


A  novel  liquid  phase  epitaxy  (LPE)  technique  has  been 
demonstrated  which  is  capable  of  rapid  growth  of  layers  of  GaAs 
many  microns  thick.  By  using  a  flowing,  gallium  rich  solution  of 
Ga  and  As,  rather  than  the  traditional  stationary  ‘melt’  for  liquid 
phase  epitaxy,  the  width  of  the  solute  depleted  layer  at  the 
liquid/solid  interface  is  both  reduced  and  held  constant  during  the 
LPE  growth  process.  This  permits  the  initially  high  growth  rate 
(-gpm/min)  to  be  sustained  for  the  entire  term  of  the  growth  cycle. 

In  comparison,  static  solution  growth  LPE  rates  are  of  the  order  of 
lOjim/hr  when  layers  of  several  micron  thickness  are  required. 
Since  no  arsenic  overpressure  is  needed  at  the  growth  temperature 
(700  *C  -  800  *C),  excess  arsenic  is  not  observed  in  the  resulting  thick 
film  layers.  Such  films  have  been  demonstrated  to  be  of  a 
crystallographic  and  electronic  quality  comparable  to  good  MOCVD 
and  MBE  layers,  and  therefore,  are  directly  suitable  for  use  in  IC 
device  fabrication.  Because  the  initial  capital  outlays  as  well  as 
safety  considerations  are  much  less  than  required  for  MOCVD 
sind/or  MBE  systems,  the  additional  high  throughput  capability  of 
ihis  LPE  technology  might  make  it  economically  competitive  with 
current  processes. 

A  brief  description  will  be  given  of  the  mathematical  model  on 
which  the  growth  chamber  design  is  based,  along  with  comparisons 
between  predicted  and  measured  growth  rates.  Diagrams  of  the 
growth  chamber  will  also  be  presented.  Photoluminescence  (PL) 
spectra  of  doped  and  undoped  layers  will  be  compared  with  PL 
responses  of  high  quality  commercial  grade  GaAs  epitaxial  layers 
(MOCVD  and  MBE).  Mobility  values  and  other  data,  relative  to 
electronic  performance  and  crystallographic  perfection  wilt  also  be 
discussed. 

DIO. 39 

MET  ANORGANIC  CHEMICAL  VAPOR  DEPOSITION  OF  InP 
BY  PULSING  PRECURSORS.  W.  K.  Chen,  J.  C  Chen,  L.  Anthony, 
and  P.  I-  Tin.  Department  of  Electrical  and  Computer  Engineering, 
SUNY  at  Buffalo,  Amherst,  NY. 

By  pulsing  precursors  alternately  into  an  MOCVD  system,  we  have 
grown  InP.  Since  precursors  are  seperately  introduced,  prereaction  is 
effectively  suppressed.  The  growth  temperature  is  substantially 
lowered  in  comparison  with  the  conventional  MOCVD.  It  is  mass- 
transported  limited  above  410  °C,  which  is  140  °C  lower  than  that  of 
conventional  MOCVD.  The  process  is  kinetic-controlled  with  an  ac¬ 
tivation  energy  of  19  Kcal/mol  at  low  temperatures.  Apparently,  the 
surface  catalytic  effect  greatly  enhances  the  decomposition  of  reac¬ 
tants,  particularly.  PH*. 

At  340  °C,  the  growth  rate  in  each  switching  cycle  saturated  at  exactly 
one  monolayer.  At  such  a  low  temperature,  the  TMIn  is  partially 
pyrolyzed.  It  suggests  that  the  methylindium  radicals  rather  than  the  In 
atoms  play  the  crucial  role  in  the  self-limiting  process  of  InP  atomic 
layer  epitaxy. 
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DIO. 40 

METALORGANIC  MAGNETRON  SPUTTER  DEPOSITION  (MOMS) 

OF  In^Ga,  tSb  ON  (100)GaAs.  R.Rousina.  J.P.Noad*  and 
J.B.Webb,  Laboratory  tor  Microstructura!  Sciences,  Div.of  Physics, 

National  Research  Council  Canada,  100  Sussex  Dr., Ottawa.  K1A 
0R6. 

This  work  reports  tor  the  first  time,  the  epitaxial  growth  of  In^Ga,. 

(Sb  on  (lOO)GaAs  by  Metalorganic  Magnetron  Sputtering. 
Epilayers  with  thicknesses  of  1-3  /jm  were  deposited  by 
magnetron  sputtering  a  solid  antimony  target  in  a  reactive 
atmosphere  of  trimethyKndium  (TMi),  trimethylgallium  (TMG)  and 
an  argon  carrier  gas.  High  quality  ’mirror-like*  films  could  be 
deposited  on  GaAs  over  the  entire  compositional  range  despite 
the  large  lattice  mismatch  between  film  and  substrate  (14.6%  for 
InSb  and  7.8%  for  GaSb).  All  films  were  deposited  under  antimony 
stabilised  conditions.  Growth  temperatures  of  400  -  500C  and 
TMG/(TMI  +  TMG)  flux  ratios  of  0  -  1  were  investigated  to 
determine  the  growth  conditions  for  optimal  surface  morphology 
and  crystallinity  of  the  InGaSb  layers.  The  composition  of  these 
layr:;s  was  found  to  be  directly  related  to  the  TMG/(TMG  +TMI) 
flux  ratio  at  constant  growth  temperature.  Growth  rates  of  1  pm/hr 
for  the  GaSb  and  2.8  yum/hr  for  the  InSb  were  observed.  The 
crystal  quality  was  evaluated  using  x-ray  diffraction  and  electron 
channeling  and  the  composition  by  EDX  and  SIMS.  The  results  of 
these  studies  are  will  be  discussed  in  detail. 

+ Advanced  Devices  and  Reliability  Directorate,  Communications 
Research  Centre,  Ottawa,  Canada  K2H  8S2. 
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CRITICAL  THICKNESS  OF  G&As/InG&As  AND  AIGaAs/ 
GuAsP  QUANTUM  WELLS  GROWN  BY  ORGANOMETAL- 
LIC  CHEMICAL  VAPOR  DEPOSITION  Dan  Bertoiet.  Jung- 
Kuei  IIsu,  and  Kei  May  Lau,  University  of  Massachusetts,  Department 
of  E.C.E.,  Amherst,  MA  01003;  and  Emil  S.  Koteles,  GTE  Laboratories 
Inc.,  Waltham,  MA  02254 

We  present  a  study  of  strained  GaAs/In0.uGao,gAs  and  Alo.ssGao.ssAs/ 
GaAso.soPo.rs  single  quantum  wells  (QW)  with  thicknesses  exceeding 
the  critical  thickness  (hr)  for  misfit  dislocation  formation  predicted  by 
the  force-balance  model.  The  Ino.nGao.aoAs  QW  layers  are  subjected  to 
biaxial  compression,  as  opposed  to  the  GaAs0  g3P01#  QW  layers,  which 
are  under  biaxial  tension.  Samples  were  grown  by  atmospheric  pressure 
OMCVD  on  (100)  2*  — *  (110)  oriented  GaAs  substrates,  and  character¬ 
ized  by  photoluminescence  (PL),  photoluminescence  excitation  (PLE) 
and  optical  microscopy.  For  both  material  systems,  as  the  strained  QW 
layer  thickness  (L,)  increased  beyond  hc,  the  typical  crosshatch  surface 
..’.orphology  was  observed,  indicating  the  presence  of  misfit  disloca¬ 
tions.  However,  the  QW  PL  peak  positions  did  not  shift  in  energy,  as 
would  be  expected  if  the  material  was  relaxed  to  some  extent.  In  the 
GaAso.tjPo.is  QW’s,  the  strain-dependent  energy  separation  between 
light-  and  heavy-holes  was  measured  by  PLE,  and  did  not  decrease 
for  samples  over  the  critical  thickness,  again  implying  no  loss  of  strain. 
The  PL  intensity  from  a  GaAs/Ino.nGao.stAs  QW  with  L,  2:  2 xAe  was 
reduced  by  more  than  two  orders  of  magnitude,  presumably  caused  by 
dislocations  acting  as  non- radiative  recombination  centers.  The  PL  in¬ 
tensity  from  a  Aloj«Ga<j.ai As/GaAso.gjPo.is  sample  with  L,  2:  2xhe 
however,  was  not  reduced.  To  test  the  stability  of  the  samples,  they 
were  annealed  at  850’ C  in  an  AsHs  ambient  for  ten  minutes.  None 
of  the  PL  spectra  changed  significantly,  indicating  that  these  strained 
QW  structures  are  temperature  stable  up  to  850’ C. 
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LinkOping  University, S-581  83  LinkOping, SWEDEN.  b)Dept.  of 
Electrical  and  Computer  Engineering, University  of  California,  Santa 
Barbara,  California  93106,  USA. 

Radiative  recombination  and  decay  time  measurements  of  the  two 
dimensional  electron  gas  in  a  GaAs-AlGaAs  heterojunction  (the  so  called 
H-band)  has  been  studied  under  transverse  electric  field  perturbation  in 
specially  optimized  structures  prepared  by  molecular  beam  epitaxy.  The 
heterointerface  was  created  between  50  nm  undoped  GaAs  and  8  nm  of 
undoped  Alo.35Gao.65As  followed  by  70  nm  Si-ooped  Alo.35Gao.65As. 
Both  positive  and  negative  gate  voltages  have  been  applied  to  die  GaAs- 
AlGaAs  interface,  and  shifts  of  the  H-band  energy  position  depending  on 
the  gate  voltage  are  induced  by  die  corresponding  changes  in  the  hetero- 
interface  2D  potential.  For  different  gate  voltages  the  excitation  power 
dependence  of  the  H-band  energy  position  is  quite  similar,  since  only  the 
lowest  2D  subband  is  occupied  in  these  samples.  It  is  demonstrated  that  a 
transverse  electric  field  allows  a  simple  way  to  modify  the  2D 
heterointerface  potential,  so  that  detailed  spectroscopy  can  be  done  on  the 
recombination  of  carriers  localised  in  such  a  potential  Another  interesting 
pheonomenon  is  that  die  gate  voltage  can  increase  the  luminescence  of  the 
active  50nm-GaAs  layer.  This  indicates  that  the  electric  field  makes  the 
’3D"  recombination  more  dominant  by  changing  die  potendaL  To  obtain 
information  about  die  dynamical  behaviour  of  the  interface  recombination 
we  have  performed  both  timeresolved  spectral  measurements  and  time 
decay  measurements  with  and  without  an  applied  electric  field.  The  decay 
limn  has  been  measured  at  different  energy  positions  in  the  broad  H-band 
luminescence,  and  is  found  to  have  a  non-exponential  decay  with  values  of 
decay  time  varying  from  a  few  ns  at  high  energies,  to  hundreds  of  ns  in  the 
lower  energy  region. 
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HOT>CARRIER  EFFECTS  ON  OPTICAL  PROPERTIES  OF 
GaAs/Al,Gai.xAs  QUANTUM  WELLS.  W.M.  Chen.  B.  Monemar,  P.O. 
Holtz,  Department  of  Physics  and  Measurement  Technology,  LinkOping 
University,  S-581  83  LinkOping,  SWEDEN;  and  M.  Sundaram,  J.L.  Merz 
and  A.C.  Gossard,  Department  of  Electrical  and  Computer  Engineering, 
University  of  California,  Santa  Barbara,  California  93106,  USA. 

In  this  paper  we  report  a  study  of  hot-elecm»  effects  on  optical  properties 
of  GaAs/AlxGaj-xAs  quantum  wells,  by  photoluminescence  (PL)  in 
presence  of  an  external  magnetic  field  and  a  microwave  (MW)  field.  Both 
single  quantum  wells  (SQWs)  and  multiple  quantum  wells  (MQWs), 
grown  by  molecular  beam  epitaxy  (MBE)  with  modulated  doping,  were 
studied  u>  tins  work.  A  profound  enhancement  of  the  free  exciton  (FE) 
emission  from  both  SQWs  and  MQWs  is  observed  with  MW  irradiation. 
This  is  attributed  to  effects  of  hot-electrons,  which  are  cyclotron  resonance 
accelerated  in  the  MW  electric  field,  as  evident  from  the  characteristic 
dependence  on  a  static  magnetic  field.  The  mechanism  responsible  for  the 
giant  enhancement  in  PL  emission  intensity  of  the  QWs  in  the  presence  of 
hot-carriers  is  studied  in  detail,  and  is  discuiacd  in  terms  of  the  following 
two  main  contributions.  First  of  all,  impact  ionization  of  exritons  (FE:s  or 
excitons  bound  at  shallow  impurities  (BE:*))  and/or  of  shallow  impurities 
in  the  AlxGai.xAs  energy  barriers  is  readily  realizable  with  the 
experimental  conditions,  as  can  be  directly  seen  by  a  strong  quenching  of 
luminescence  from  the  barrier.  This  process  blocks,  at  least  partly,  the 
shunt  pass  of  the  photoexcited  free  carriers  in  the  barrier  so  that  they  are 
mainly  accommodated  in  the  GaAs  energy  well  Secondly,  an  increase  of 
free  electron  temperature  Te  in  the  barriers  may  result  in  an  increase  in  the 
diffusion  into  the  well,  and  consequently  enhances  the  number  of  the 
excitons  in  the  well  The  direct  retie  of  die  external  perturbations  (magnetic 
field  and  MW)  on  the  exciton  fmmatian  and  recombination  in  the  well  (via 
modifying  the  electronic  energy  and  wavefiinction  of  the  excitons)  is  also 
studied,  via  resonant  optical  excitation  of  the  exdmns. 
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APPLICATION  OF  AN  ULTRAHIGH  RESOLUTION 
SPECTROMETER  TO  THE  ANALYSIS  OF  PHONONS  AND 
PHOTONS  IN  SOLIDS.  J  L  Stehle,  P  Evrard,  SOPRA, 
26/68  rue  Pierre  Joigneaux,  92270  Bois-Colombes, 
FRANCE.  L  C  Hammond,  J  N  Willie,  ARIES/QEI ,  5A1 

Damonmill  square,  Concord  MA  01742,  USA. 


OPTICAL  SPECTROSCOPY  OF  2D  ELECTRONS 
CONFINED  AT  A  GaAs/ AIGaAs  HETEROINTERFACE  IN  A 
TRANSVERSE  ELECTRIC  FIELD.  OJCZhao*).  P. Bergman*), 
B.Monemar*),  P.-OHoltz*^),  C.  Hallin*),  M.Sundaram®)  J.LMerzb) 
and  A.C.Go*sardb).  *>Depc.  of  Physics  and  Measurement  Technology, 


A  new,  powerful  double  epectrometer ,  in  double 
pane  (DMDP) ,  hae  been  designed  for  the  analysis  of 
transparent  vitreous  materials.  Intensity  and 
position  of  longitudinal  and  transverse  Brillouin 
nodes  can  be  analyzed,  with  a  resolution  of  0.03 


154 


cm-1.  Throughput  and  stray-light  rejection  exceed 
those  of  a  Fabry-Perot  with  an  equivalent  resolu¬ 
tion. 

In  a  single  scan,  it  is  possible  to  analyze  low 
frequency  Raman  and  Brillouin  lines,  on  the  Stokes 
and  anti-Stokes  sides,  from  0.1  to  2000  cm-1.  With 
a  slit  width  of  1mm,  sample  alignment  and  incident 
power  density  are  no  longer  critical .  An  inten¬ 
sity  of  10*  photons/ second  is  easily  achieved  with 
a  resolution  of  1  cm-1.  The  spectral  range  of  0.2 
to  1.5  microns  covers  the  interesting  resonance 
zones  for  semiconductors,  superconductors  and  su¬ 
perlattices. 

The  monochromator  can  also  be  used  in 
photoluminescence  and  time-resolved  fluorescence. 
By  using  a  CCD  detector,  imaging  of  samples  can  be 
achieved  for  one  vibrational  band.  Some  Brillouin 
and  low  frequency  Raman  applications  will  be  dis¬ 
cussed  and  spectra  of  germanium,  silicon  and  su¬ 
perlattices  will  be  presented. 
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EFFECT  OF  ANNEALING  ON  STRAINED  InCaAs/GaAs 
QUANTUM  WELLS  Emil  S.  Koteles.  B.  Elman,  P.  Melman,  and 

C. A.  Armiento,  GTE  Laboratories  Inc..  Waltham,  MA  02254 

The  ability  to  modify  the  optical  properties  of  epitaxial 
semiconductor  heterostructures  in  a  spatially  selective  manner  has 
many  potential  device  applications.  We  have  investigated  the  effects 
of  shallow  ion  implantation  and  rapid  thermal  annealing  (RTA)  on 
strained  InGaAs/GaAs  quantum  wells  (QW)  as  a  means  of  achieving 
this  goal. 

The  samples  consisted  of  MBE  grown  single  quantum  wells  and  ion 
beam  irradiation  was  performed  using  75 As  ions  with  energies  low 
enough  (35  keV)  that  the  disordered  regions  were  well  separated 
spatially  from  the  QWs.  RTA  was  performed  at  750°  to  850°  C  for 
15  seconds.  Low  temperature  photoluminescence  (PL)  and  PL 
excitation  spectroscopies  were  used  to  monitor  excitonic  energies. 
After  RTA,  exciton  energies  shifted  significantly  to  higher  values  only 
in  the  implanted  regions.  The  magnitudes  of  the  shifts  were 
dependent  on  QW  widths,  indium  compositions  in  the  wells,  and 
implantation  fluences.  They  were  interpreted  as  resulting  from  the 
modification  of  the  shapes  of  the  as-grown  QWs  from  square  (abrupt 
interfaces)  to  rounded  (gradual  interfaces)  due  to  enhanced  In 
diffusion  out  of  the  well  layers  in  irradiated  areas  as  a  consequence  of 
the  diffusion  of  vacancies  generated  near  the  surface  by  the 
implantation.  This  technique  promises  simultaneous  patterning, 
intdrdiffusion  and  modification  of  optical  and  electronic  properties  of 
quantum  well  materials,  annealing  of  implantation  induced  defects 
and  activation  of  dopants  when  electrically  active  ions  are  used  for 
implantation. 
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CHARACTERIZATION  OF  MODULATION  DOPED  PSEUD0M0RPHIC 
AlCaAs/lnCaAs/GsAs  HEKT  STRUCTURES  BY  ELECTRON  BEAM 
ELECTROREFLECTANCE  AND  PHOTOLDKINESCENCE .  M.  H.  Hsrmsn.  I. 

D.  Ward,  Charlaa  Evaiu  &  Aaaoclataa,  Rsdvood  City,  CA;  R. 
Kopf,  $.  J.  Paarcon,  AT&T  Ball  Laboratorlaa,  Murray  Hill, 

NJ ;  and  E.  D.  Jonas,  Sandla  National  Laboratorlaa, 
Albuquarqus,  HM. 

Ua  hava  invastijatad  tha  optical  translelona  praaant  in  MBE- 
grown  nodulatlon  do  pad  paaudoaorphlc  A^Cs  Aa/ln Ca.  As/ 

CaAl  HEKT  structural  of  120k  InCaAs  thickness,  y  values  ”5. 10 
to  0.20,  and  x  values  0.20  to  0.10.  Froa  both  300K  EBER  and 
4K  PL  aaasuraaants  vs  observe  transitions  froa  tha  InCaAs 
strained  quantua  vail  layer.  Tha  intensity  and  line  aha  pa  of 
tha  InCaAs  transition  in  both  optical  spactra  is  affected  by 


processing  taaperaturas ,  and  provides  an  Indication  of  tha 
quality  of  tha  HEKT. 

in  addition  to  strong,  sharp  features  arising  froa  tha  CaAs 
substrate  and  tha  superior  tie*  buffer,  the  EBER  data  shovs 
important  characteristics  of  tha  AlCaAa  layer  vhlch  are 
unavailable  froa  tha  PL.  Tha  latter  Include  tha  presence  of 
Franz -Kaldysh  oscillations ,  froa  vhlch  tha  crystal  quality, 
coaposltion,  and  electric  field  strength  within  tha  AlCaAs 
can  ba  assassad.  Specifically,  vhen  the  growth  taaperaturas 
are  axcassive,  tha  disappearance  of  the  Franz -Keldysh 
oscillations  is  associated  vith  outdlffusion  of  In  froa  the 
strained  layer,  and  consequent  deterioration  of  active 
device  perforaance. 
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A  HEW  OXYGEN  PLASMA  SOURCE  FOR  "IN-SITU"  GROWTH  OF  YBaCuO 
MOLECULAR  BEAM  EPITAXY  LAYERS.  M.T0UZEAU*,  D.PAGN0N*7 
P.LUZEAU* .  A.BARSKI* ,  A.SCHUHL",  R.CABANEL"  .S.K0CH" ,  J.P. 
HIRTZ"  and  G.CREUSET" 

*  Lab.  da  Phya  das  Plasmas,  Paris  XI,  91405  Orsay  Cidex  France 

*  ISA  RIBER,  133-137  Bd  National  92503  Ruell  Malmalson  France 
11  Thomson  CSF,  Domains  de  Corbevllle  91404  Orsay  Cedex  France 


We  present  an  oxygan  Introduction  cell  used  for  ln-sltu 
growth  of  epitaxial  thin  films  of  High  Tc 
auparconductors  in  a  MBE  system.  Since  such  a  machine  is 
not  compatible  with  high  pressure,  active  oxygen  la 
neadad  in  order  to  obtain  good  oxydatlon  of  the  cations. 
Atomic  oxygen  is  produced  using  a  DC  plasma  source 
located  in  the  growth  chamber.  A  quartz  tube  with  a 
U-form  contains  oxygen  gas  at  a  pressure  between  30  and 
300  Pascal.  The  electrodes  made  in  platlnium  are  distant 
of  12  cm.  We  typically  used  a  DC  current  in  the  plasma 
of  tba  order  of  25  mA. 

The  design  of  this  cell  is  specially  concieved  for  the 
safety  of  the  MBE  system.  In  the  plasma,  the  atomic 
oxygen  concentration,  deduced  from  optical  absorption 
measurements,  lies  between  5  and  10Z  depending  on  the 
experimental  conditions. 

The  out  coming  oxygen  rate  la  between  5x10  and  5xl018 
molecules  per,,  second  which  gives,  on  the  sample  a  flux 
higher  to  10  at  /  sec. cm2  in  the  best  experimental 
conditions. 

We  have  produced  superconducting  films  of  DyBaCuO 
directly  in  the  growth  chamber  using  this  call. 
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GROWTH  AND  CHARACTERIZATION  OF  a-Ge Sn, 
HETEROEPIT AXIAL  ALLOYS  ON  (001)  InSb.  E.A.  Fitzgerald,  P.Ei 
Freeland,  M.T.  Ascot,  W.  Lowe.  R.  MacHame,  Jr„  AJL  Korun,  F.A.  Thiel 
L.  Cooper,  G.A.  Thomas,  K.A.  Jackson,  BE.  Weir,  and  L.C.  Kimerting. 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ  07974. 

We  have  grown  MBE  a-Ge  Sn,_x  (0<x<0.16)  alloys  on  (001)  InSb  despite  the 
neatly  complete  immiscibuity  of  Ge  and  Sn.  a-GeSn,x  alloys  were 
stabilized  due  to  a  relatively  close  lattice  match  with  the  InSb. 

We  observe  three  stages  of  growth  with  reflection  high  energy  electron 
diffraction  (RHEED).  The  growth  com  menses  two-drmemionally,  and  a 
gradual  shift  to  three-dimensional  growth  with  thickness  is  observed.  Upon 
continued  growth,  twinning  occurs  and  finally  phase  separation.  Generally,  for 
alloys  with  0cx<0.14,  the  twinning  stage  occurs  between  1200A  and  2000 A. 
For  0.13<x<0.16,  only  100 A  is  grown  before  the  twinning  phase  is  reached. 

Double  and  triple  crystal  x-ray  results  show  that  totally  strained  (up  to 
ew0.84%),  a-GexSn.  Is  stabilized  with  xoO.OS.  A  mixture  of  fLSn  and  a- 
OexSn,  x  is  observref  for  x>0.08,  is  contrast  to  foe  RHEED  remits,  which 
mow  single-crystalline  growth. 

Hall  effect  and  reflectivity  measurements  indicate  that  fop  carrier  concentration 
increases  with  x,  with  a  maximum  of  approximately  lO22  cm'3  at  x«0.08.  The 
canter  mobility  (T«85K)  decreases  to  <1000  an2/V-iec  in  this  composition 
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range.  These  transport  results  suggest  an  increasing  overlap  of  the  conduction 
and  valence  bands  and  semimetallic  behavior. 

In-situ  and  ex-situ  stability  measurements  were  also  perforated.  1200A  thick 
films  with  0.04<»x<*0.13  were  stable  to  120-130'C.  A  thermodynamic  model 
is  derived  which  follows  the  experimental  trends  of  stability  as  a  function  of 
film  thickness,  temperature,  and  Ge  concentration. 

DIO.  49  ABSTRACT  WITHDRAWN 
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STRAIN  AND  STRUCTURALLY  INDUCED  OPTICAL 
TRANSITIONS  IN  EPITAXIAL  SEMICONDUCTORS.  Thomas 
p.  Pearsall,  ATT  Bell  Laboratories,  Murray  Hill, 

New  Jersey,  07974 

Strained-layer  epitaxy  can  be  used  to  introduce 
internal  levels  of  compressive  or  tensile  strain 
on  the  order  of  several  percent.  This  is  large 
enough  to  shift  some  conduction  and  valence  band 
energy  levels  in  commonly  used  semiconductors  by 
as  much  as  500meV.  By  changing  the  symmetry  of 
the  crystal,  the  strain  also  causes  mixing  of 
these  energy  levels,  which  in  turn  changes  the 
optical  transition  matrix  element.  The  importance 
of  this  effect  depends  both  on  the  magnitude  of  the 
strain  and  the  relative  orientation  of  the 
strain  field  relative  to  the  crystalline  axes  of 
the  material. 

Yield  strength  of  most  semiconductors  limits  the 
symmetry  changes  to  distortions  of  a  few  percent. 
However,  grown-in  transformations  of  the  symmetry 
by  creating  artificial  crystal  structures  can  be 
used  to  redefine  the  allowed  set  of  electronic 
wavefunctions  producing  dramatic  changes  in  the 
electronic  energy  spectrum.  This  is  Wavefunction 
Engineering,  examples  of  which  have  now  been 
demonstrated  in  III-V  and  group  IV  materials. 

In  such  artificially  structured  materials,  strain 


plays  a  subsidiary  role  to  symmetry  in  determining 
the  optical  properties.  First  principles 
theoretical  studies  of  these  new  materials  have 
provided  an  important  base  of  understanding  of  how 
properties  of  the  constituent  bulk  semiconductors 
can  be  used  to  predict  the  electronic  structure  of 
these  superlattices. 
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STRAIN- INDUCED  PHOTOLUMINESCENCE  IN  Si/Ge  SUPERLATTICES. 

C.F.A,  van  de  mUe.  E.A.  Montie,  D.J.  Gravesteijn  and 
A. A.  van  Gorkum,  Philips  Research  Laboratories  Eindhoven, 
The  Netherlands 


The  luminescence  of  short  period  Si/Ge  superlattices  has 
been  studied  as  a  function  of  superlattice  period,  com¬ 
position  and  strain.  The  superlattices  were  grown  by  KBE 
on  a  SiGe  buffer  layer,  with  constant  or  graded  Ge  frac¬ 
tion,  deposited  on  4“  and  6”  substrates.  During  part  of 
the  deposition  process  the  substrate  rotation  was  stopped, 
causing  a  systematic  variation  in  superlattice  period 
(30%)  and  in  relative  mismatch  between  superlattice  and 
buffer  (0  <  Aa/»  <  0.013). 

Rutherford  backscattering  spectrometry  (RBS)  was  used  to 
analyse  the  composition  and  crystallinity  of  the  samples. 
The  superlattice  period  and  the  strain  in  both  superlat¬ 
tice  and  buffer  layer  was  obtained  from  X-ray  diffractro- 
metry  (XRD) .  Transmission  electron  microscopy  (TEM)  was 
used  to  assess  the  morphology  of  the  layers,  while  Raman 
scattering  was  used  to  characterize  the  interface  sharp¬ 
ness.  Photoluminmescence  (PL)  bands  are  observed  around 
0.8  tV  for  several  samples  of  differing  composition.  The 
signal  Is.  only  present  in  those  samples  in  which  the 
superlattice  has  an  average  perpendicular  lattice  constant 
different  fro*  that  in  the  buffer.  As  there  are  no  indica¬ 
tions  of  resulting  misfit  dislocations  from  TEM,  the 
luminescence  is  concluded  to  be  strain- Induced.  Further¬ 
more,  the  signal  disappears  when  the  superlattice  is 
removed  from  the  buffer  layer  by  etching,  indicating  that 
the  luminescence  originates  from  the  superlattice. 
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PHOTOLUMINESCENCE  EXCITATION  SPECTROSCOPY  OF 
STRAINED  InGaAs/GaAs  QUANTUM  WELLS  Emil  S.  Koteles. 
D.  Owens,  B.  Elman,  and  P.  Melman,  GTE  Laboratories  Inc., 
Waltham,  MA  02254  and  D.  Benolet  and  Kei  May  Lau,  The 
University  of  Massachusetts,  Amherst,  MA  01003 

There  has  been  much  interest  lately  in  compound  semiconductor 
quantum  wells  (QW)  subjected  to  biaxial  strain  due  to  lattice 
mismatch  between  the  barrier  and  well  layers.  The  addition  of  strain 
in  the  well  layers  of  such  pseudomorphic  (lattice  matched  but 
strained)  QWs  modifies  confined  energy  levels  and  is  a  useful 
additional  parameter  in  the  design  of  devices.  The  characterization 
of  such  structures  is  complicated  by  the  addition  of  strain  which 
affects  conduction,  light-,  and  heavy-hole  valence  bands  differently. 
This  also  leads  to  questions  concerning  the  band  offsets  in  these 
heterostructures.  Calculations  indicate  that  the  heavy-hole  exciton 
(commonly  measured  using  photolutmnescence  (PL)  spectroscopy)  is 
much  less  sensitive  to  such  concerns  than  the  light-hole  transition. 
Therefore,  we  have  measured  the  PL  excitation  spectra  of  a  series  of 
In^GaoyAs/GaAs  QWs,  grown  by  MOCVD  and  MBE,  with  nominal 
widths  ranging  from  1.1  to  36  nm.  We  have  observed  peak  and 
bandedge-like  structure  at  energies  much  above  the  heavy-hole 
exciton  energy  which  we  attribute  to  the  ground  state  of  the  light-hole 
exciton.  As  expected  the  energy  of  the  light-hole  exciton  is  very 
sensitive  to  the  band  offset  and  the  difference  between  the  light-hole 
and  heavy-hole  exciton  energies  for  wide  wells  is  an  accurate  and 
independent  measure  of  the  strain  in  the  well  layer. 
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CHARACTERIZATION  OF  INGAAS/GAAS  STRAINED  SL 
BY  X-RAY  DOUBLE  CRYSTAL  DIFFRACTION  AND 
MODULATE  PHOTORBFLECTION^SPECTRA.  L.  S.  Xiu* ; 
Y.  T.  Wang*  ;  Z.  «.  Wu*  ;  W.  H.  Zhuang  j 
*  University  of  Soience  and  Technology  of 
China,  P.  R.  China;  **  Institute  of 
Semiconductors,  Chinese  Acadeay  of  Science,  P. 
R.  China. 


With  the  kineaatical  theory  model  we  did 
computer  siaulation  of  the  X-ray  double 
crystal  diffraction  of  InGaAs/GaAs  MQW.  Froa 
the  diffraction  angle  of  the  satellites  one 
got  period  of  MQW(  Lz+L«  )  and  from  the 
relative  intensity  In/In*l  one  got  Lz/Lb  .  The 
obtained  results  Las  and  La  are  consistent  with 
the  experiaental  value  froa  photoreflection 
and  photoluainscence  spectra. 

Dll.  5 

OPTICAL  CHARACTERIZATION  OF  GaAsP  STRAINED  LAYERS  GROWN  ON 
(111 (-ORIENTED  GaP.  Mats-Erik  Pistol.  Maria  Gerling,  Anders 
Gustafsson,  Gen  Paulsson,  Lars  Sainueison,  and  Heinz  Titze, 
University  ot  Lund.  Department  of  Solid  State  Physics,  P.  0.  Box  118, 
S-221  00  Lund,  SWEDEN. 

Strained  layers  of  lll-V  semiconductors  grown  on  (111 (-oriented 
substrates  are  of  considerable  interest  due  to  the  piezoelectric  field 
expected  to  be  present.  The  strain  situation  is  different  from  similar 
structures  grown  on  (lOO)-oriented  substrates  and  no  splitting  of 
the  X  conduction  band  is  expected  for  the  (111)  case.  The  critical 
thickness  of  (111 (-grown  samples  is  expected  to  be  different  from 
samples  grown  on  (100)  substrates.  We  have  grown  thin  strained 
layers  of  indirect  bandgap  GaAsP  on  (1 1 1  (-oriented  GaP  with 
different  compositions  and  thicknesses.  These  structures  have  been 
characterized  by  photoluminescence,  electroreflectance  and 
wavelength-resolved  cathodoluminescence,  all  at  low  temperature, 
as  well  as  secondary  ion  mass  spectroscopy.  The  photoluminescence 
emission  involving  transitions  from  the  X  conduction  band  to  the 
valence  band  is  strong  and  often  persisting  to  room  temperature.  The 
strain  shift  of  the  X  conduction  band  as  a  function  of  composition  has 
been  followed-  Electroreflectance  shows  transitions  involving 
resonant  quantised  states  In  the  quantum  well  formed  from  the  r  band. 
The  energy  of  the  states  in  the  resonant  r  band  well  can,  hence,  also 
be  traced  as  a  function  of  composition  and  strain  of  the  layers.  These 
shifts  of  the  different  band  edges  are  compared  with  calculations. 
Cathodoluminescence  studies,  detecting  the  emission  from  the  layer, 
reveal  the  onset  of  dislocation  formation  at  the  critical  thickness  and 
is  shown  to  be  a  sensitive  method  to  measure  very  low  densities  of 
dislocations  where  the  separation  of  the  dislocation  lines  is  greater 
than  20  pm.  A  comparison  of  dislocation  generation  is  made  of  GaAsP 
layers  grown  on  (ill)-,  and  (lOO)-oriented  substrates. 

Dll. 6 

HIGH  PRESSURE  OPTICAL  STUDIES  OF  GaSb-AISb 
MULTIPLE  QUANTUM  WELLS.  Benjamin  Rockwell,  H.R. 

University  of  Missouri  -  Columbia,ColumbU>10  6521 1;  Fred  H.  Poliak 
and  KShen,  Physics  Department,  Brooklyn  College  of  CUNY,  Brooklyn, 
N.Y.11210;  LL. Chang,  W.I.Wang  and  1  ..Esaki,  IBM  Thomas  J. Watson 
Research  Center, Yorktown  HeightsJf.Y.  10598-0218 

Photoreflectance  (PR)  and  Pbotolumineacence  (PL)  studies  of  GaSb-AISb 
multiple  quantum  well  structures  tinder  hydrostatic  pressure  at  cryogenic 
temperatures  are  presented.  Due  to  the  lattice  mismatch  between  the  GaSb 
and  AlSb  layers,  die  light  (LH)  and  heavy  (HH)hole  valence  bands  split 
leading  to  a  light  hole  derived  ground  state  for  the  multiple  Quantum  Well 
(MQW)  structure.  A  large  number  of  exritcoic  transitions  from  the 

conduction  sub-bands(CB)  to  the  LH  and  HH  sub-bands  are  observed  in 


PR.  In  contrast,  the  transition  from  the  ground  sub-band  from  the  CB  to  the 
LH  dominates  the  PL.  The  PL  intensity  drops  dramatically  as  the  direct  T 
CB  crosses  the  L  CB  at -lOkBars  but  the  PR  intensity  does  not  However 
a  large  drop  in  intensity  of  PR  is  observed  as  the  X  CB  crosses  each  sub- 
band  energy.  The  pressure  coefficients  ( a)  get  progressively  smaller  for  die 
higher  sub-band  transitions.  Several  competing  effects  such  as  pressure 
induced  changes  in  the  electron  effective  mass,  the  excitooic  Rydberg,  the 
lattice  parameters  and  interface  effects  lead  to  the  variation  of  cl 

was  supported  by  a  grant  from  the  U.S .Department  of  Energy 
under  grant  no.  DE-AC02-84ER45048  and  M.C  was  supported  by  the 
U.S-Army  under  contract  no.  DAAL03-86-K-0083. 

Dll.  7 

CHARACTERIZATION  OF  UNDOPED  PSEUDOKORPHIC  InCaAa/GaAs 
QUANTUM  VEILS  BY  ELECTRON  BEAM  ELECTROREFLECTANCE  (EBER) 

AND  PHOTOLUMINESCENCE  (PL).  M.  H.  Hanan.  I.  D.  Ward, 
Charles  Evans  &  Asaoelataa,  Redwood  City,  CA;  and  A. 
Dodabalapur,  B.  C.  Streetaan,  The  University  of  Texas, 
Austin,  TX. 

We  have  investigated  the  Interband  optical  transitions 
within  undoped  pseudoaoxphic  In  Ga  As/CaAs  quantua  walla  of 
a  range  of  thickness  froa  SOA  to  i$0A.  and  y  values  0.1  to 
0.2.  Froa  PL,  we  identify  the  lowest  interband  transitions. 
Electron  beaa  electroreflectance  (EBER)  aodulation 
spectroscopy  it  utilized  to  detect  the  lowest  and  the  higher 
energy  intarband  transitions  within  the  quantum  wells.  Ve 
coopers  the  measured  interbend  energise  to  those  calculated 
theoretically. 

Dll. 8 

RAMAN  CHARACTERIZATION  OF  InSb/GoAs  GROWN  BY 
METALORGANIC  MAGNETRON  SPUTTERING. 

Feng  and  S.  Perkowitz,  Physics  Department, 

Emory  University,  Atlanta,  GA  30322;  T.  S. 

Rao  and  J.  b.  Webb,  Laboratory  for 
Microstructural  science,  National  Research 
Council,  Ottawa  K1A  OR6,  Canada. 

Despite  the  large  (14%)  lattice  mismatch 
between  InSb  and  GaAs,  high  quality  films  of 
InSb,  with  various  thicknesses  of  0.17  -  2.67 
microns,  have  been  deposited  on  (100)  GaAs 
substrates  using  metalorganic  magnetron 
sputtering  (MOMS) .  The  MOMS-grown  layers  have 
been  studied  by  Raman  and  resonance  Raman 
scattering  at  50  -  300K,  performed  in  the 
near-backscattering  geometry  with  an  Ar+  ion 
laser.  The  Raman  spectra  for  the  InSb/GaAs 
layers  show  a  narrow  (about  4  cm-1)  LO  line 
and  obey  the  expected  selection  rules, 
indicating  the  films  to  be  of  high 
crystalline  quality  with  (100)  orientation. 

An  initial  increase  in  the  compressive  stress 
appears  to  be  related  to  a  combination  of  3- 
dimension  island  growth  kinetics  and  the 
thermal  expansion  differences  of  the  InSb  and 
GaAs.  A  relaxation  of  thi6  stress  is  observed 
in  thicker  films. 

Dll. 9 

ELECTRIC  FIELD  EFFECTS  ON  THE  OPTICAL  PROPERTIES  OF 
InGaAs/GaAs  STRAINED  QUANTUM  WELLS  AND  SUPERLATTICES. 

K.  Gibb.  C.  LaceHe  and  A.P.  Roth,  LMS.  NRC,  Ottawa,  Canada; 

B.  Soucail,  N.  Dupuis  and  P.  Voisin,  GPS,  ENS,  Paris,  France; 

B.Y.  Hua"  and  E.  Fortin.  University  of  Ottawa,  Ottawa.  Canada. 

Strained  multiple  quantum  wells  (SMQW)  and  superlattices  (SLS) 
of  ln>Ga,.IAs/GaAs  have  been  studied  using  Photoluminescence 
Excitation  (PLE)  and  Photocurrent  (PC)  spectroscopy.  Applying  a 
longitudinal  electric  field  in  SMQW  structures  (ie  with  wide  barriers 
(>20  nm)),  produces  a  red  shift  of  the  exciton  due  to  the  quantum 
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confined  Stark  effect.  In  contrast,  in  SLS  structures  (ie  with  narrow 
barriers  {<  10nm)),  the  electric  field  decouples  the  wells  and  a  blue 
shift  of  the  absorption  edge  is  expected  . 

We  have  studied  several  samples  with  various  well  and  barrier 
width  at  zero  field  using  PLE  and  as  a  function  of  applied  bias  in 
a  Schottky  diode  configuration  using  PC.  Optical  transitions 
involving  both  confined  and  unconfined  states  are  observed  and  in 
SLS  structures  the  first  electron  miniband  width  can  be  directly 
measured.  Transitions  between  confined  electrons  and  heavy  holes 
(type  I)  behave  as  expected  under  applied  electric  field,  whereas 
the  situation  is  more  complex  for  transitions  involving  unconfined 
heavy  holes  or  light  holes  (type  II). 

*  Present  Address  :  Beijing  Polytechnic  University,  Beijing,  China. 

Dll. xo 

RAMAN  STUDY  OF  MOMBE  AND  PLASMA-MOVPE  GROWN 
I1I-V  LAYERS  ON  Si  1,100)  .  J.Geurtm.  J. Finders 
I.Phys.  Inst.  RNTH  Aachen  (F.R.G.)  H.Munder, 

M . Reap ,  M . Oehlers ,  H.Luth,  XSI.  KFA  Jfilich 
(F.R.G.)  J.Musolf,  J.Leiber,  A.Brauers,  M.Neyers 
P.Balk,  Inst.  Seaicond.  Electronics,  RNTH 
Aachen,  (F.R.G.) 

We  characterized  MOMBE  and  MOVPB  GaAs  layers  on 
Si (100),  grown  by  a  two  step  Method  (buffer  and 
epi-layer) .  In  MOVPB  the  buffer  growth  was  plas- 
■a  stimulated.  As  group  III  source  either  IMG  or 
TEG  was  used.  Further,  we  investigated  plasaa- 
MOVPE  InP  layers  on  top  of  GaAs  layers  on  Si. 

The  crystalline  quality  was  determined  by  Rawan 
scattering  fro*  the  IXI-V  phonons,  using  the  in¬ 
tensity  of  the  syametry  forbidden  TO  phonon  and 
the  width  of  the  allowed  LO  phonon  as  a  Measure 
for  non-ideality.  Our  results  are  consistent 
with  double  crystal  x-ray  diffraction  (DCXD) 
linewidths.  Besides,  we  observe  characteristic 
spectra  fron  disturbed  regions  like  buffer 
layers,  which  give  no  DCXD  peaks.  Thereby,  we 
can  visualize  the  transition  fron  buffer  to  epi- 
layer.  The  depth  resolution  is  obtained  by  vary¬ 
ing  the  light  penetration  depth,  using  different 
laser  lines.  For  appropriate  epilayer  thickness, 
the  TO/LG  ratio  increases  by  a  factor  2  when  the 
penetration  depth  is  changed  fron  .07  jib  to 
0.31  um,  reflecting  the  worse  buffer  quality. 

InP  layers  were  studied  with  lateral  resolution 
by  Ranan-nicroprobe.  They  show  well  defined  LO 
peaks,  which  however  have  a  distinct  spectral 
splitting  and  local  inhonogeneities. 

Dll. 11 

MBE  GROWN  GaAs  ON  Si(100)  STUDIED  BY  INFRARED 
SPECTROSCOPY,  Thomas  Eickhoff,  l.Phys.  Inst. 
RWTH  Aachen, FR  Germany,  Dietrich  R.T.  Zahn  and 
Wo  1 f gang  Richter.  Inst.  Festkorperphysik,  TU 
Berlin,  FR  Germany,  David  A.Woolf,  David  I.West- 
wood  and  Robin  H.  Williams,  Physics  Dept.  U  of 
Wales  college  of  Cardiff,  UK 

GaAs  layers  were  deposited  onto  Si  (100)  sub¬ 
strates  using  Molecular  beaM  epitaxy.  The  growth 
parameters  varied  were:  (i)  substrate  misorien- 
tation,  (ii)  substrate  preparation  by  using 
different  etching  procedures,  and  (iii)  buffer 
layer  growth  conditions  (deposition  rates  from 
0.1  to  1.0  UM/h  and  growth  temperature  from  550 
to  650  K).  Infrared  reflectivity  spectra  were 
taken  in  the  range  from  50  to  500  cm'1  on  the 
0.1  um  thick  buffer  layers  as  well  as  on  the 
active  layers  which  were  grown  on  top  of  the 


buffer  at  850  K,  with  a  rate  of  0.1  |im/h  up  to 
thicknesses  of  4  pm. 

The  infrared  active  phonon  of  GaAs  can  be  obser¬ 
ved  already  on  the  thin  buffer  layers.  A  harmo¬ 
nic  oscillator  and  Drude  fitting  procedure  is 
used  to  determine  layer  thickness,  carrier  con¬ 
centration  and  damping  constant.  The  latter 
correlates  well  with  the  layer  quality  as  de¬ 
termined  from  spectroscopic  ellipsometry  data 
and  Raman  scattering  spectra. 

D12.1 

RAMAN  SCATTERING  FROM  AM  INTERFACIAL  THIN  LAYER  OP 
GaAs  HETEROEPITAXIALLV  GROWN  ON  SILICON  SUBSTRATE. 
Toshiro  Akaqi.  Mariko  Ishino,  Yoshiharu  Nakajima, 
Sharp Corporation,  Corporate  RAD  Group,  Tenri, 
Kara,  632  JAPAN 

Heteroapitaxial  GaAs  grown  on  silicon  substrate 
attracting  recent  interest,  however,  suffers 
several  difficulties: (1 )high  dislocation  density 
(»10‘ cm'*)  due  to  large  lattice  misnatcb(4t) 
between  GaAs  and  Si,  (2)residual  stress  in  GaAs 
originating  froa  the  difference  in  theraal 
expansion  coefficients  between  then,  (3) antiphase 
donain(APD).  Considerable  efforts  have  been  nade 
to  suppress  these  problea  and  several  techniques 
have  been  found  to  be  successful.  In  addition.  We 
investigated  interfacial  thin  layer  of  GaAsCIOOnm- 
300na)  by  using  Renan  scattering  and  photo- 
luninescence (PL)  to  chracterize  an  interface. 
Speciaen  of  nondoped  GaAs (2pm)  was  directly  grown 
on  Si (100)  with  2  degree  off  towards  <01 1>  by  two- 
step  MOCVD.  Layer  of  GaAs  was  chemically  etched  by 
NH< OH-Bi Oi  until  an  interface  becone  observable. 

In  GaAs  layer  less  than  300na,  broad  scattering 
centered  around  700cm 1  and  TO-like  phonon  were 
observed  as  well  as  LO  phonon  spectrum  which  is 
only  allowed  in  our  scattering  geometry.  Above 
300na  in  thickness  of  GaAs  layer,  both  of  these 
spectra  slightly  shifted  and  disappeared, 
approaching  to  a  spectrum  observed  for  a  bulk 
material.  PL  spectra  of  these  interfecial  GaAs 
layer  shifted  towards  higher  energy  which  shows  an 
elevation  of  quasi-Fermi  level.  These  experimental 
results  can  be  explained  by  n-carrier  generation 
of  10* 'em' 9  only  within  interfacial  GaAs  layer 
less  than  300nm  because  of  auto-doping  of  Si  atoms 
from  substrate  during  growth  near  700C . 


D12.2 

STRESS  EVALUATION  METHOD  USING  RAMAN  SPECTROSCOPY.  Yohko  Mashisoto 
IBM  Japan,  Ltd.  (Yasu  Site).  Yasu.  Shin.  Japan. 


Recently  local  stress  aeesureaent/eva 1 uat i on  aethod  is  considered 
to  be  very  iaportant  to  evaluate  electrical  property  of  semi¬ 
conductor.  Raaan  spectroscopic  aethod  has  been  established  for 
evaluation  of  the  local  stresses  with  1  aicroneter  in  disaster. 
The  see  sure  sent  problems  caused  by  equipment  itself  «as  solved  by 
the  follovincs. 

-  Ar  PI as an  line  msa  utilized  to  calibrate  rave  number. 

-  Data  raa  fitted  vith  Gaussian  and  Lorentz  distribution  to 
deteraine  the  peak  top  accurately. 


Thie  aethod  *itb  introduction  of  a  certain  assumption  can  be 
applied  to  the  stress  meaairasent  not  only  for  Silicon  sinsle 
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crystal  like  trench  structure,  but  also  for  laminated  thin  layers 
like  silicon  oxide  or  silicon  nitride  on  silicon. 


In  this  paper,  seasureeent  and  data  process  ins  sethods  are 
described  and  also  application  results  to  the  thin  layer  of 
semiconductor  and  packasins  plastic  notarial  are  reported. 

Di2.3 

ELECTRICAL  AND  OPTICAL  CHARACTERIZATION  OF  InSb  GROWN 
ON  GiAs  BY  MBE.  Phillip  E.  Thompson.  James  Waterman,  D. 

Kurt  Gaskill,  Robert  Stahlbush,  and  John  Davis.  Code  6823, 

Naval  Research  Laboratory.  Washington,  DC  20375-5000 

InSb  has  been  grown  on  semi-insulating  GaAs  substrates  by 
molecular  beam  epitaxy.  By  growing  an  InSb  buffer  Jayer  at 
300°C  prior  to  the  main  InSb  layer  growth  at  420°C,  the  effect 
of  the  14%  lattice  mismatch  between  GaAs  and  InSb  was 
minimized.  A  typical  5  pm  InSb  film  had  a  room  temperature 
earner  concentration  and  electron  Hall  mobility  of 
2xl0,®/cm3  and  6x10*  cm2/Vs,  respectively.  At  77*K  these 
values  became  2xl015/cm3  and  l.lxlO3  cm 2/Vs.  For  a  10  pm 
film  the  77'K  mobility  was  1.5x10s  cm2/Vs.  Temperature 
dependent  Hall  measurements  revealed  a  peak  in  the  mobility 
at  85°K  and  70°K  for  the  5  and  10  pm  samples,  respectively. 
Optical  characterization  by  room  temperature  IR 
transmission  spectroscopy  showed  a  broad  absorption  edge, 
with  an  absorption  coefficient  of  1.4xl03/cm  at  a  wavelength 
of  6  pm.  Epilayer  thickness  was  determined  from  observed 
interference  fringes  and  corresponded  to  the  calculated 
epitaxial  layer  thickness.  Capacitance-voltage  measurements 
using  MIS  capacitors  and  Schottky  diodes  produced  77°K 
carrier  concentrations  in  agreement  with  the  Hall 
measurements.  Carrier  lifetimes  were  deteimined  by 
photoconductive  response  and  capacitance  transient 
measurements.  Lifetimes  of  20  ns  and  50  ns  were  determined 
for  the  5  and  10  pm  films,  respectively.  For  comparison,  the 
carrier  lifetime  in  bulk  n-type  InSb  was  found  to  be  200  ns. 

D12.4 

INDEX  OF  REFRACTION  ANISOTROPY  IN  MISMATCHED 
InGaAs/InP  HETEROSTRUCTURES  MEASURED  BY  ELLIP- 
SOMETRY.  Brian  Bj.  Bennett  and  Jesus  A.  del 
Alamo,  Mass.  Inst,  of  Tech.,  Cambridge,  MA. 

We  have  applied  ellipsometry  to  characterize 

InxGai_xAs  grown  by  molecular  beam  epitaxy  on 

(001)  InP.  The  epitaxial  layer  thickness  varied 
from  0.3  to  1.1  um  and  x  ranged  from  0.46  to 

0.61.  The  index  of  refraction,  n,  of  the 
epilayers  was  measured  by  ellipsometry  at 
o.633//m  as  a  function  of  ♦,  the  azimuth  angle. 
We  found  that  for  mismatched  samples  (i?i,i2«io'1  n 
is  a  strong  function  of  *,  reaching  a  maximum 
when  the  incident  beam  is  parallel  to  the  [110] 
direction  and  a  minimum  for  orthogonal  direc¬ 
tions.  Variations  of  n  with  ♦  are  often  as 
large  as  o.l,  far  exceeding  changes  typically 
produced  by  electric  fields  or  free  carriers. 

Our  results  can  be  explained  by  piezo-optical 

(photoelastic)  effects.  The  lattice-constant 
mismatch  between  the  substrate  and  epitaxial 
layer  results  in  a  strained  epitaxial  layer. 
The  epitaxial  layers  are  thicker  than  the 
critical  layer  thickness,  suggesting  the 
presence  of  misfit  dislocations.  These  disloca¬ 
tions  partially  relieve  strain  and  are  known  to 
form  more  readily  in  the  [110]  direction  than  in 
the  orthogonal  [Tioj  direction,  resulting  in 
anisotropic  strain  and  refractive  index.  The 
existence  of  misfit  dislocations  in  the  samples 
exhibiting  optical  anisotropy  is  confirmed  by 
measurements  of  large  double-crystal  x-ray  FWHM 
values  and  lattice  constant  mismatch  parallel  to 
the  interface. 


D12.5 

MODULATION  SPECTROSCOPY  OF  LAYERED  STRUC¬ 
TURES.  Orest  J.  Glembocki.  Naval  Research  Laboratory,  Code  6833, 
Washington  DC  20375. 

Layered  semiconductor  structures  have  been  of  fundamental  and 
applied  interest  for  over  a  decade.  The  ability  to  grow  high  quality 
layers  that  exhibit  novel  electronic  and  optical  properties  has  been 
made  possible  by  the  development  of  growth  techniques  such  as 
molecular  beam  epitaxy  and  chemical  vapor  deposition.  This  success 
is  possible  because  of  the  close  the  interaction  between  the  growth 
effort  and  the  materials  characterization. 

Photoreflectance  and  electroreflectance  are  two  optical  modulation 
techniques,  which  have  proven  to  be  useful  in  the  study  of  layered 
structures.  Modulation  techniques  exploit  a  periodic  variation  in  some 
property  of  the  sample  to  obtain  derivative-like  optical  spectra,  which 
nave  enhanced  sensitivity  to  weak  transitions,  which  may  otherwise  be 
difficult  to  observe.  Because  the  reflectivity  is  commonly  measured, 
modulation  techniques  can  be  used  over  a  wide  spectral  range,  nor¬ 
mally  not  accessible  to  luminescence  or  absorption.  Furthermore, 
modulation  spectra  contain  information  in  the  spectral  position  of  a 
given  line  ana  in  it’s  line  shape.  These  facts  have  been  important  in 
the  study  of  quantum  wells  and  superlattices.  Spectrally,  modulation 
techniques  have  allowed  for  room  temperature  determinations  of  the 
well  and  barrier  parameters,  including  well  widths,  barrier  heights  and 
barrier  thicknesses.  The  form  of  the  line  shapes  in  modulation  spec¬ 
troscopy  contains  information  about  the  effects  of  the  applied  modula¬ 
tion.  The  phase  of  the  line  shape  and  its  dependence  on  the  frequency 
of  modulation  have  been  used  to  study  the  effects  of  the  applied  per¬ 
turbation.  In  particular  effects  of  light  on  NIPI  structures,  electric 
fields  in  coupled  wells  and  light  effects  on  impurities  have  been  stu¬ 
died. 

Finally,  it  will  be  shown  that  a  comparison  of  several  techniques,  such 
as  PR  and  piezomodulation  can  provide  even  more  detailed  informa¬ 
tion  about  the  sample  of  interest. 


D12.6 

CHARACTERIZATION  OF  AN  ASYMMETRIC  TRIANGULAR  MULTIPLE 
QUANTUM  WELL,  BY  VARIABLE  ANCLE  SPECTROSCOPIC 
ELLIPSOMETRY.*  Craig  M.  Herzinyar  Paul  C.  Snyder,  and 
John  A.  Wool lam,  University  of  Nebraska,  Lincoln,  NE 
68588-0511. 

Variable  angle  spectroscopic  ellipsometry  (VASE)  was  used 
to  characterize  a  20  period  CaAs-Al  Ga.  As  multiple 
quantum  well  (MQW)  structure,  grown*by  molecular  beam 
epitaxy.  The  barriers  wore  nominally  200  X  A1  ..Ga  75A*. 
and  the  well  regions  were  grown  to  approximate ‘ a  linearly 
graded  composition,  from  x-0  to  x-0.25,  with  total  well 
width  200  X.  A  strong  HH1-CB1  excltonlc  transition  was 
observed  at  1.53  eV,  with  the  weaker  LH1-CB1  transition 
near  1.54  eV.  These  are  consistent  with  a  multiband 
effective  mass  theory  calculation.  A  small,  narrow 
feature  was  also  observed  at  the  AlGaAs  bandgap  energy 
(E  ),  which  we  ascribe  to  a  weak  Franz -Keldysh  effect  in 
the  barriers. 

VASE  data  were  analyzed  using  a  model  which  explicitly 
Included  the  full  MQW  structure,  with  graded  wells.  Bulk 
optical  constants  were  used.  This  model  could  fit  the  data 
quantitatively  over  the  photon  energy  range  above  E  ,  and 
qualitatively  below  E  .  In  a  second  model,  the  entire  MQW 
was  treated  as  a  single  layer,  and  Its  optical  constants 
obtained  in  the  exclton  region.  A  third  model  was  used  to 
solve  for  the  optical  constants  within  the  wells.  The 
relative  merits  of  these  models  will  be  discussed. 

1.  C.D.  Sanders  and  K.K.  Bajaj,  J.  Vac.  Scl.  Technol.  B5 . 
1295  (1987). 

*  Work  supported  by  NASA  Lewis  Grant  NAG- 3 -154. 
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012.7 


D12.9 


PHOTOREFLECTANCE  OF  A  GaAs/lnGaP<  ORDERED)  SINGLE  QUANTUM 
WELL  GROWN  BY  ATOMIC  LAYER  EPITAXY.  X.Yin  and  F.H.PoHak.Btooklyn 
College  of  CUNY,B/ooklyn,  NY  1 1 21 0;  B.T.  McDermott, K.G.  Reid  and  S.M. 
Bedair,  North  Carofna  State  University,  Raleigh,  NC  27695 

The  photoreflectance(PR)  spectrum  of  a  GaAs/lnGaP  (ordered)  single 
quantum  tael  has  been  measured  at  300K.We  have  observed  three  quan¬ 
tum  transitions  from  the  GaAs  well  in  addition  to  a  peak  from  the  InGaP 
barrier  layer  .Good  agreement  between  the  experimental  data  and  a  theor¬ 
etical  calculation  is  obtained  for  a  conduction  band  offset  parameter 
Qc  <  O.t .  The  parameter  Qc  ■  (AEg-rAEy),  where  and  AEy  are 
the  conduction  and  valence  band  discontinuities,  respectively. 

The  total  structure  was  built  by  ALE  on  (1 00)  GaAs  substrates  in  a  layer 
by  layer  fashion  at  500°C  using  TEI,  PH3  and  TMG  sources.  The  growth 
proceeded  by  the  deposition  of  a  monolayer  of  In  then  P  then  Ga  and  then  P. 
The  cycle  was  repeated  for  100  times.  This  was  followed  by  eleven  ALE 
cycles  of  GaAs  and  then  a  second  100  cycles  of  the  In-P-Ga-P  ordered  alloy. 

From  a  detailed  lineshape  fit  to  the  experimental  spectrum  we  have 
obtained  transition  energies  of  1.468  ±0.01  eV,  l.585t0.0l  eV, 

1 .61 5±0.02  eV  and  1.797+0.01  eV.  The  latter  feature  corresponds  to  the 
fundamental  gap  of  the  InGaP  barrier  while  the  former  three  structures  are 
identified  as  1 1 H,  1 1 L  and  1 2H  quantum  transitions.  The  notation  mnH(L) 
denotes  transitions  between  the  m,h  conduction  and  n,h  valence  subbands  of 
heavy(H)-  or  light(L)-  hole  character.  Good  agreement  between  experim¬ 
ent  and  a  calculation  based  on  the  envelope  function  model  is  achieved  for 
Qc  -  0.05  and  a  well  width  of  35  A.  This  value  of  Qc  is  considerably  smaller 
than  those  obtained  from  measuements  of  GaAs/lnGaP(random) 
heterojunctions. 

D12.8 

MAGNETO-OPTICAL  STUDIES  OF  2-D  ELECTRONS  IN  GnAs- 
AlGaAs  SINGLE  HETEROJUNCTIONS. 

K-S.  Lee  C.H.  Pern-  t,  Northeastern  University,  Boston,  MA  02115, 
and  J.M.  Worlock  f,  Bellcore,  Red  Bank,  NJ  07701 

We  report  low  temperature  magneto-photoluminescence  investigations 
of  the  exciton  spectra  of  high  mobility  n-doped  (AlGa)As-GaAs  sin¬ 
gle  heterojunctions  up  to  23  Tesla.  At  zero  field,  the  PL  spectrum 
is  dominated  by  the  bulk  exciton  transitions,  but  the  radiative  tran¬ 
sitions  between  the  two  dimensional  electron  gas  (2DEG)  and  the 
photocxcited  holes  are  not  discemable.  In  the  presence  of  magnetic 
fields,  applied  perpendicular  to  the  interface,  Landau  transitions(LT) 
appear  at  the  fields  which  are  dependent  on  the  sample  parameters' . 
With  low  incident  laser  power,  intensity  oscillations  are  observed  as 
the  LT  lines  cross  the  bulk  exciton  lines;  this  behaviour  may  be  as¬ 
sociated  with  some  type  of  resonant  tunneling  of  the  2DEG  from  the 
quantum  well  region  to  bulk  GaAs.  The  possibility  of  screening  by 
the  long  range  random  potential  fluctuation  1  is  excluded  because  the 
period  of  oscillation  is  not  related  to  the  filling  factor  of  the  2DEG. 
The  cyclic  effect  of  the  magnetic  field  on  the  the  PL  efficiency  or  on 
the  efficiency  of  non-radiative  recombination  processes  remains  unex¬ 
plained  and  is  under  further  investigation. 

1  I.  Kukushkin,  V.  Timofeev,  K.  Klitzing,  and  I<.  Ploog,  Advances  in 
Solid  State  Physics  28,  21  (1988). 

2  T.  Ando,  J.  Phys.  Soc.  Jap.  3T,  1044  (1974). 

t  Guest  Scientists  at  the  Francis  Bitter  National  Magnet  Laboratory, 
MIT  ;  supported  by  NSF  under  grant  #  DMR  -  8604706. 


MAGNETO-OPTICAL  STUDIES  OF  GaAs-AlGaAs  MODULATION- 
DOPED  QUANTUM  WELLS  UNDER  HYDROSTATIC  PRESSURE 

W .  Zhou  T,  C.H.  Perry  ',  Northeastern  University,  Boston,  MA  02115. 
and  J.M.  Worlock  T,  Bellcore,  Red  Bank,  NJ  07701 

We  report  magneto-photoluminescence  studies  of  n-tvpe  modulation 
doped  GaAs-AlGaAs  multiple  quantum  well  (MQWr)  heterostructures 
under  hydrostatic  pressure  from  0-30  kbars.  A  pressure- induced  metal- 
insulator  transition  is  observed  this  transition  is  monitored  by  in¬ 
vestigation  of  the  dramatic  changes  that  take  place  in  the  different 
spectral  features  (energy  and  line-width)  as  a  function  of  magnetic 
field.  These  changes  can  be  correlated  with  the  tuning  of  the  carrier 
concentration  with  pressure.  Analysis  of  the  free  Landau  PL  recombi¬ 
nation  indicates  a  transformation  to  magneto-excitonic-like  behaviour 
at  about  10  kbars  at  low  temperatures  in  a  MQW  with  an  electron 
density  of  ne  =  5  x  10ncm-2  and  x=0.21. 

1  J.M. Mercy  et  al.  Surface  Science  142,  298  (1984). 


2  C.H. Perry,  B. A. Weinstein,  S.K.Hark  and  C.Mailhiot,  IS'*  Ini. 
Conf.  on  the  Physics  of  Semiconductors  ( ed  0.  Engstrom.  World 
Scientific,  Singapore,  1987),  p.687 

'  Guest  Scientists  at  the  Francis  Bitter  National  Magnet  Laboratory, 
MIT  ;  supported  by  NSF  under  grant  #  DMR  -  8604706. 

D12.10 

SPATIALLY  INDIRECT  OPTICAL  TRANSITIONS  IN 
SEMICONDUCTOR  QUANTUM  HIRES.  Joseph  Weiner.  G. 
Danan,  A.  Pinczuk,  J.  Valladaras,  L.  N.  Pfeiffer, 
K.  Hast,  AT&T  Bell  Laboratories,  Murray  Hill,  NJ. 

In  optical  experiments  with  laterally  patterned 
■Odulation-doped  GaAs /AlGaAs  quantum  wells  we 
observe  spatially  separate  confinement  of 
electrons  and  holes  in  one-dimensional  quantum 
wires . 

The  sample  was  fabricated  from  a  hiqh  mobility 
modulation  doped  GaAs/AlGaAs  single  quantum  well 
heterostructure.  1000  k  lines  with  2000  k  period 
were  patterned  using  electron-beam  lithography, 
followed  by  ion-milling  to  selectively  deplete  the 
electron  gas  in  the  unmasked  regions.  The 
resulting  lateral  modulation  of  the  charge  density 
induces  a  periodic  lateral  potential  which 
confines  the  electron  gas  to  one  dimension. 

The  photoluminescence  (PL)  from  the  quantum  wires 
exhibits  an  onset  at  the  bandgap,  followed  by  a 
cutoff  at  the  Fermi  level  characteristic  of  the 
electron  gas.  Unlike  the  two-dimensional  electron 
gas,  the  intensity  of  the  PL  from  the  quantum 
wires  increases  above  the  bandgap,  reaching  a 
maximum  just  below  the  Fermi  level.  This  behavior 
is  due  to  spatially  indirect  transitions  between 
electrons  and  boles  that  are  separately  confined 
in  a  type  II  lateral  multiple  quantum  wire 
superlattice.  Resonant  inelastic  light  scattering 
spectra  exhibit  new  peaks  due  to  intersubband 
excitations  of  the  one-dimensional  electron  gas. 
From  the  optical  measurements  we  obtain  the  Fermi 
energy  as  well  as  the  subband  spacings  and 
determine  the  one-dimensional  electron  density. 
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SESSION  El;  BULK  CRYSTAL  GROWTH 
AND  PROPERTIES 
Chair:  J.  F.  Schetzina 
Monday  Morning,  November  27 
Salon  H/I  (M) 

8:30  *E1 . 1 

GROWTH  OF  LARGE-DIAMETER  CdZnTe  AND  CdTeSe 
BOULES  FOR  Hgi_xCdxTe  EPITAXY:  STATUS  AND 
PROSPECTS,  s.  Sen.  S.M.  Johnson,  J.A.  Kiele, 
W.H.  Konkel  and  J.E.  Stannard,  Santa  Barbara 
Research  Center,  Advanced  Development  Lab, 
Goleta,  CA. 

9:15  ^£1,2 

BULK  CRYSTAL  GROWTH  OF  LATTICE-MATCHED 
CDZNTE  FOR  HGZNTE  EPITAXY,  S.  McDevitt ■  J. 
Sepich  and  D.  John,  II-VI  Incorporated, 
Materials  R&D  Department,  Saxonburg,  PA;  A. 
Sher  and  A.  Rai2man,  Soreq  Nuclear  Research 
Center,  Solid  State  Physics  Department, 
Yavne,  Israel. 

9:45  El. 3 

ON  THE  RELATIONSHIP  BETWEEN  DISLOCATION 
DENSITY  AND  X-RAY  FULL  WIDTH  HALF  MAXIMUM  IN 
HORIZONTAL  BRIDGMAN  GROWN  CdTe  AND  CdZnTe, 
H.F.  Schaake  and  H.-Y.  Liu,  Texas  Instru¬ 
ments  Inc.,  Central  Research  Laboratories, 
Dallas,  TX. 

10:00  BREAK 

10:30  El. 4 

PHOTOLUMINESCENCE  DETECTION  OF  NATIVE  DE¬ 
FECTS  IN  THE  SURFACE  REGION  OF  BULK  CdTe, 
p.m.  Arairtharai  and  N.K.  Dhar,  U.S.  Army 
Center  for  Night  Vision  and  Electro-Optics, 
Fort  Belvoir,  va. 

10:45  El. 5 

PHOTOLUMINESCENCE  STUDIES  IN  Zn^d^xTe 
SINGLE  CRYSTALS,  J.  Gonzdlez-Hernandez , 
Brigham  Young  University,  Physics  and  Astro¬ 
nomy,  and  center  for  X-ray  Imaging,  Provo, 
UT  and  Centro  de  Investigacidn  y  Estudios 
Avanzados  del  IPN,  Mexico,  Mexico;  Bay id.  El. 
Allred.  Brigham  Young  University,  Physics 
and  Astronomy,  and  Center  for  X-ray  Imaging, 
Provo,  UT;  Elias  L6pez-Cruz,  Universidad 
Autbnoma  de  Puebla,  Depto.  de  Fisica,  In¬ 
stitute  de  Ciencias,  Puebla,  M6xico;  and 
worth  P.  Allred,  Galtech  Semiconductor 
Materials  Corporation,  Mt.  Pleasant,  UT. 

11:00  El.  6 

NONDESTRUCTIVE  COMPOSITIONAL  AND  DEFECT 
CHARACTERIZATION  OF  ZnCdTe  ALLOYS  USING 
PHOTOLUMINESCENCE  SPECTROSCOPY,  W.M.  Duncan. 
R.J.  Koestner,  J.H.  Tregilgas,  H.-Y.  Liu  and 
M.-C.  Chen,  Texas  Instruments,  Inc.,  Central 
Research  Laboratories,  Dallas,  TX. 

♦Invited  Paper 


11:15  £1*2 

GETTERING  EXPERIMENTS  ON  CdTe,  M.H.  Jin.  K. 
James  and  J.L.  Merz,  University  of  Califor¬ 
nia,  Santa  Barbara,  Electrical  and  Computer 
Engineering  Department,  Santa  Barbara,  CA; 
C.  Jones,  Santa  Barbara  Research  Center, 
Goleta,  CA. 

11:30  El. 8 

PHOTOPLASTIC  BEHAVIOR  OF  TYPE  II-VI  SEMICON¬ 
DUCTORS,  T.J.  Garosshen.  C.S.  Kim  and  J.M. 
Galligan,  University  of  Connecticut,  Depart¬ 
ment  of  Metallurgy  and  Institute  of  Materi¬ 
als  Science,  Storrs,  CT.. 

11:45  El. 9 

PREPARATION  AND  CHARACTERIZATION  OF  (ZnTe)x 
(CdSe)^  SINGLE  CRYSTALS,  V.K.  Madhusmitha 
Rani .  R.P.  vijaya  Lakshmi,  D.  Raia  Reddv  and 
B.K.  Reddy,  S.V.  University  College,  Depart¬ 
ment  of  Physics,  Tirupata,  India. 

SESSION  E2 :  OPTICAL  AND 
ELECTRICAL  PROPERTIES 
Chair:  M.  Tamargo 
Monday  Afternoon,  November  27 
Salon  H/I  (M) 

1:30  *£2*2 

RECENT  ADVANCES  IN  STRAINED  WIDE-GAP  II-VI 
SEMICONDUCTOR  SUPERLATTICES,  A.V.  Nurmikko. 
Brown  University,  Providence,  RI;  R.L. 
Gunshor,  M.  Kobayashi,  Purdue  University, 
Lafayette,  IN;  and  L. A.  Kolodzie jski ,  Mas¬ 
sachusetts  Institute  of  Technology,  Cam¬ 
bridge,  MA. 

2:15  £2*2 

DEEP  LEVEL  LUMINESCENCE  MEASURING  OF  MBE 
CdTe  GROWTH  QUALITY  AND  PROCESSING,  J.L. 
Shaw  and  L.J.  Brillson,  Xerox  Webster  Re¬ 
search  Center,  Electronic  Marketing  Lab, 
Webster,  NY;  S.  sivananthan  and  J.P.  Faurie, 
University  of  Illinois  at  Chicago,  Physics 
Department,  Chicago,  IL. 

2:30  E2.3 

STRUCTURAL  AND  VIBRATIONAL  PROPERTIES  OF 
ZnTe  EPITAXIAL  LAYERS  GROWN  BY  MBE,  2* 
Petruzzello ■  D.  Olego,  Philips  Laboratories, 
North  American  Philips  Corporation,  Briar- 
cliff  Manor,  NY;  X.  Chu  and  J.P.  Faurie, 
University  of  Illinois  at  Chicago,  Physics 
Department,  Chicago,  IL. 

2:45  E2.4 

HIGH  RESOLUTION  AND  ANALYTICAL  ELECTRON 
MICROSCOPY  OF  MULTILAYER  HETEROEPITAXIAL 
SEMICONDUCTORS,  H.-J.  Kleebe.  University  of 
California,  Santa  Barbara,  Materials  Depart¬ 
ment,  Engineering  III,  Santa  Barbara,  CA; 
W.J.  Hamilton,  W.L.  Ahlgren  and  S.M. 
Johnson,  Santa  Barbara  Research  Center, 
Goleta,  CA;  and  M.  Riihle,  University  of 

California,  Santa  Barbara,  Materials  Depart¬ 
ment,  Engineering  III,  Santa  Barbara,  CA. 
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3:00 


BREAK 


3:30  »E2.5 

SOLUBILITY  OF  IMPURITIES  AND  DEFECT  IMPURITY 
INTERACTION  IN  II-VI  SEMICONDUCTORS,  Yves 
Marf aina .  CNRS,  Laboratorie  de  Physique  des 
Solides  de  Bellevue,  Meudon,  France. 

4:15  E2.6 

MOCVD  GROWTH  OF  Cdi-yZnyTe  EPITAXIAL  LAYERS 
USING  A  VERTICAL  FLOW/HIGH-SPEED  HORIZONTAL 
ROTATING  DISK  REACTOR,  W.L.  Ahlcrren ,  S.M. 
Johnson,  W.J.  Hamilton,  A.  Szilagyi,  Santa 
Barbara  Research  Center,  Goleta,  CA;  G.S. 
Tompa  and  P.D.  Reinert,  EMCORE  Corporation, 
Somerset,  NJ;  C.K.  Ziegler  and  W.J.  Lick, 
University  of  California,  Santa  Barbara,  De¬ 
partment  of  Mechanical  and  Environmental 
Engineering,  Santa  Barbara,  CA. 

4:30  E2.7 

THICKNESS  MEASUREMENT  OF  THIN  FILMS  BY  X-RAY 
ABSORPTION,  J.  Chaudhuri  and  S.  Shah,  The 
Wichita  State  University,  Mechanical  En¬ 
gineering  Department,  Wichita,  KS. 

4:45  E2.8 

TILT  GROWTH  OF  CdTe  EPILAYERS  ON  SAPPHIRE 
SUBSTRATES  BY  MOCVD,  Kenii  Maruvama .  Hiroji 
Ebe,  Yoshito  Nishijima  and  Koji  Shinohara, 
Fujitsu  Laboratories  Ltd.,  Atsugi,  Japan. 

SESSION  E3 : _ DOPING  OF  II-VI  MATERIALS 

Chair:  H.  Schaake 

Tuesday  Morning,  November  28 
Salon  H/I  (M) 

8:30 

NOVEL  APPROACHES  TO  DOPING  OF  II-VI  COM¬ 
POUNDS  GROWN  BY  MBE,  Maria  C.  Tamarao . 
Bellcore,  Red  Bank,  NJ. 

9:15  *E3t2 

MOCVD  GROWTH  AND  DOPING  OF  ZnSe  AND  RELATED 
II-VI  MATERIALS,  H.  Kukimoto .  Tokyo  Insti¬ 
tute  of  Technology,  Imaging  Science  and 
Engineering  Laboratory,  Yokohama,  Japan. 

10:00  BREAK 

10:30  ?£1,3 

GROWTH  AND  DOPING  OF  ZINC  SELENIDE  BY  MOLE¬ 
CULAR  BEAM  EPITAXY,  J.M.  DePuvdt .  H.  Cheng, 
M.A.  Haase  and  J.E.  Potts,  3M  Company,  Basic 
Technologies  Laboratory,  St.  Paul,  MN. 

11:00  E3 . 4 

DEPOSITION  OF  ZINC  SELENIDE  BY  ATOMIC  LAYER 
EPITAXY  FOR  MULTILAYER  X-RAY  OPTICS,  sL. 

Kevin _ Shurtlef f  .  David  Allred,  Raymond 

Perkins  and  James  Thorne,  Brigham  Young 
University,  Departments  of  Chemistry  and 
Physics,  Provo ,  UT . 


11:15  E3.5 

OPTIMIZED  MIS  CHARACTERISTICS  OF  AS-GROWN 
EPITAXIAL  ZnSe/EPITAXIAL  GaAs  HETEROSTRUC¬ 
TURES,  J.  Qiu,  O.-D.  Qian.  M.  Kobayashi, 
R.L.  Gunshor,  D.R.  Menke,  D.  Li  and  N. 
Otsuka,  Purdue  University,  West  Lafayette, 
IN. 

11:30  E3.6 

PSEUDOMORPHIC  ZnTe/AlSb/GaSb :  GROWTH  AND 
CHARACTERIZATION,  D.L.  Mathine ,  J.  Han,  M. 
Kobayashi,  R.L.  Gunshor,  D.R.  Menke  and  M. 
Vaziri,  Purdue  University,  Electrical  En¬ 
gineering  Department,  West  Lafayette,  IN;  J. 
Gonsalves  and  N.  Otsuka,  Purdue  University, 
Materials  Engineering  Department,  West 
Lafayette,  IN;  Q.  Fu,  M.  Hagerott  and  A.V. 
Nurmikko,  Brown  University,  Division  of 
Engineering,  Providence,  RI. 

11:45  E3.7 

TRANSMISSION  ELECTRON  MICROSCOPY  OF  II- 
VI/III-V  SEMICONDUCTOR  INTERFACES,  D.  Li.  N. 
Otsuka,  M.  Kobayashi,  R.L.  Gunshor  and  L.A. 
Kolodzie jski ,  Purdue  University,  Department 
of  Materials  Engineering  and  Science,  West 
Lafayette,  IN. 

SESSION  E4 : _ THIN  FILMS  AND 

HETEROSTRUCTURES  I 
Chair:  R.  L.  Gunshor 
Tuesday  Afternoon,  November  28 
Salon  H/I  (M) 

1:30  «E4.1 

RECENT  ADVANCES  IN  WIDE-BAND  GAP  II-VI 'S  FOR 
VISIBLE  LIGHT  EMITTERS,  T.C.  McGill. 

2:15  E4.2 

SURFACE  MORPHOLOGY  AND  PHOTOLUMINESCENCE 
SPECTRA  OF  ZnSe  AFTER  EXCIMER  LASER  ANNEAL¬ 
ING,  G-J.  Yi  and  G.F.  Neumark,  Columbia 
University,  Metallurgy  and  Materials  Science 
Department,  New  York,  NY;  Z.  Lu,  Columbia 
University,  Electrical  Engineering  Depart¬ 
ment,  New  York,  NY;  P.R.  Newbury,  Philips 
Laboratories,  Materials  Physics  Department, 
Briarcliff  Manor,  NY;  C.F.  Yu,  Columbia 
University,  Electrical  Engineering  Depart¬ 
ment,  New  York,  NY;  B.J.  Fitzpatrick,  M. 
Shone  and  A.  Sicignano,  Philips  Labora¬ 
tories,  Materials  Physics  Department,  Briar- 
cliff  Manor,  NY. 

2:30  E4.3 

PLASMA-ASSISTED  EPITAXIAL  GROWTH  OF  ZnSe 
FILMS  IN  HYDROGEN  PLASMA,  Satoshi  Yamauchi 
and  Takashi  Hariu,  Tohoku  University,  De¬ 
partment  of  Electronic  Engineering,  Sendai, 
Japan. 
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2:45  E4.4 

EFFECT  OF  Se  PRECURSORS  AND  PROCESSING 
CONDITIONS  ON  OPTOELECTRONIC  PROPERTIES  OF 
ZnSe  GROWN  BY  MOVPE ,  Konstantinos  P.  Giapis, 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ;  and 
Klavs  F.  Jensen.  Massachusetts  Institute  of 
Technology,  Department  of  Chemical  Engineer¬ 
ing,  Cambridge,  MA. 

3:00  E4.4A 

GROWTH  OF  ZnSjjSe^jj  BY  MBE  USING  AN  ELECTRO¬ 
CHEMICAL  SULPHUR  SOURCE,  J.  Wallace.  K. 
Prior,  B.  Cavenett,  J.  Hunter,  S.  Adams  and 
M.  Haines,  Heriot-Watt  University,  Depart¬ 
ment  of  Physics,  Edinburgh,  United  Kingdom. 

3:15  BREAK 

3:30  *E4 . 5 

ALE/MBE  GROWTH  AND  CHARACTERIZATION  OF  ZN- 
CHALCOGENIDE  SUPERLATTICE  STRUCTURES,  X*. 
Yao .  M.  Fujimoto,  H.  Izumiya,  H.  Tanino  and 
Y.  Okada,  Electroctechnical  Laboratory, 
Ibaraki,  Japan. 

4:15  E4.6 

SELECTIVE-AREA  DEPOSITION  OF  METALS,  PAS- 
SIVANTS ,  INSULATORS,  AND  EPITAXIAL  FILMS  OF 
II-VI  COMPOUND  SEMICONDUCTORS,  D.L.  Dreif US , 
North  Carolina  State  University,  Department 
of  Electrical  and  Computer  Engineering, 
Raleigh,  NC;  Y.  Lansari,  J.w.  Han,  J.W.  Cook 
Jr.  and  J.F.  Schetzina,  North  Carolina  State 
University,  Physics  Department,  Raleigh,  NC. 

4:30  E  4J 

SPATIAL  LIGHT  MODULATOR  USING  A  CdS  THIN 
FILM  PHOTOCAPACITOR,  Joseph  Reichman . 
Grumman  Corporation,  Corporate  Research 
Center ,  Bethpage ,  NY . 

4:45  E4.8 

PHOTOLUMINESCENCE  PROPERTIES  OF  GRADED 
COMPOSITION  MgxZn^_xSe  CRYSTALS,  H.  J. 
Lozykowski .  Ohio  University,  Electrical  and 
Computer  Engineering  Department,  Athens,  OH; 
X.D.  Tiang,  University  of  Heilongjian,  Har¬ 
bin,  China;  and  J.L.  Merz,  University  of 
California,  Santa  Barbara,  Santa  Barbara, 
CA. 

SESSION  E5>; _ mm.  FILMS  . 

ANIL -HETEROSTRUCTURES  II 
Chair:  T.  C.  McGill 
Wednesday  Morning,  November  29 
Salon  H/I  (M) 

8:30  *£&,-! 

ATOMIC  LAYER  EPITAXY  OF  WIDE  BANDGAP  II-VI 
COMPOUND  SEMICONDUCTOR  SUPERLATTICES, 
Konaaai .  Y.  Takemura,  R.  Kimura,  N. 
Teraguchi  and  K.  Takahashi,  Tokyo  Institute 
of  Technology,  Department  of  Electrical  and 
Electronic  Engineering,  Tokyo,  Japan. 


9:15  E5.2 

GROWTH  OF  LATTICE-MATCHED  ZnSe-ZnS  STRAINED- 
LAYER  SUPERLATTICES  ONTO  GaAs  AS  AN  ALTERNA¬ 
TIVE  TO  ZnSSe"  ALLOYS,  H.  Onivama.  S.  Yaraaga 
and  A.  Yoshikawa,  Chiba  University,  Depart¬ 
ment  of  Electric  and  Electronics  Engineer¬ 
ing,  Chiba,  Japan. 

9:30  E5.i  3 

STRUCTURAL  AND  ELECTRICAL  CHARACTERIZATION 
OF  CdSe  THIN  FILMS,  Miltiadis  K.  Hatalis , 
Fuvu  Lin .  Lehigh  University,  Sherman  Fair- 
child  Laboratory,  Department  of  Electrical 
Engineering,  Bethlehem,  PA;  and  Michael  R. 
Westcott,  Litton  Systems  Canada  Ltd.,  Dis¬ 
play  Systems  Engineering,  Rexdale,  Canada. 

9:45  E5.4 

U.S.  POLYCRYSTALLINE  THIN  FILM  SOLAR  CELL 
PROGRAM,  Harin  S.  Ullal.  Kenneth  Zweibel  and 
Richard  L.  Mitchell,  Solar  Energy  Research 
Institute,  Golden,  CO. 

10:00  E5.5 

A  STRUCTURAL  STUDY  OF  EPITAXIAL  LAYERS  OF 
CdSe  AND  CdS  GROWN  ON  GaAs,  A.G.  Cullis, 
P.J.  Parbrook,  P.W.  Smith,  B.  Cockayne,  P.J. 
Wright  and  G.M.  Williams,  Royal  Signals  and 
Radar  Establishment,  Worcs,  United  Kingdom. 

10:15  BREAK 

10:30  »E5.6 

EXCITONIC  PROPERTIES  IN  ZnSe-ZnS  STRAINED- 
LAYER  SUPERLATTICES  AND  A  FIBONACCI  SE¬ 
QUENCE,  Tsunemasa  Taauchi  and  Yoichi  Yamada, 
Osaka  university,  Faculty  of  Engineering, 
Department  of  Electrical  Engineering, 
Osaka,  Japan. 

11:15  E5.7 

OPTICAL  PROPERTIES  OF  CdZnS-ZnS  STRAINED 
LAYER  SUPERLATTICES,  Yasuyuki  Endoh  and 
Tsunemasa  Taguchi ,  Osaka  University,  Faculty 
of  Engineering,  Department  of  Electrical 
Engineering,  Osaka,  Japan. 

11:30  E5.8 

PRECISE  MEASUREMENTS  OF  MINORITY  CARRIER 
LIFETIMES  IN  II-VI  FILMS  AND  SUPERLATTICES, 
W.O.  Doaaett.  Michael  w.  Thelander  and  J.F. 
Schetzina,  North  Carolina  State  University, 
Physics  Department,  Raleigh,  NC. 

11:45  E5.9 

NONLINEARITY  OF  BOUND  EXCITON  STIMULATED 
EMISSION  INDUCED  BY  NONEQUILIBRIUM  ACOUSTIC 
PHONONS,  N.N.  Zinov'ev.  D.I.  Kovalev  and 
I.D.  Yaroshetskii ,  Academy  of  Sciences  of 
the  USSR,  A . F.  Ioffe  Physico-Technical  In¬ 
stitute,  Leningrad,  USSR. 
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SESSION  E6;  NOVEL  GROWTH 
ANBlCHARACTERIZATIONS 
Chair:  F.  BartoliJr. 

Wednesday  Afternoon,  November  29 
Salon  H/I  (M) 

1:30  *£6, 3, 

PHOTOASSISTED  MBE  OF  XI-VI  SEMICONDUCTOR 
FILMS  AND  SUPERLATTICES ,  N.C.  Piles.  R.  L. 
Harper,  J.W.  Han  and  J.F.  Schetzina,  North 
Carolina  State  University,  Physics  Depart¬ 
ment,  Raleigh,  NC. 

2:15  E6.2 

GROWTH  AND  INITIAL  CHARACTERIZATION  OF  NOVEL 
HGTE-BASED  II-VI  MATERIALS,  F.G.  Moore. 
Naval  Research  Laboratory,  Washington,  DC; 
J.C.  Abele,  Lewis  and  Clark  College,  Port¬ 
land,  OR;  and  P.E.  Kremer,  Crystal  Special¬ 
ties  Inti.,  Colorado  Springs,  Co. 

2:30  E6.3 

USE  OF  ATOM  PROBE  TECHNIQUES  IN  THE  STUDY  OF 
II-VI  SEMICONDUCTORS,  Ross  A.D.  Mackenzie. 
Chris  R.M.  Grovenor  and  J.  Alex  Liddle, 
Oxford  University,  Department  of  Metallurgy 
and  Science  of  Materials,  Oxford,  United 
Kingdom. 

3:00  BREAK 

3:15  *E6 . 4 

MBE  GROWTH  OF  HgCdTe  FOR  INFRARED  DETECTOR 
APPLICATIONS,  J.M.  Arias.  S.H.  Shin,  J.G. 
Pasko,  M.  Zandian,  and  R.E.  DeWames,  Rock¬ 
well  International  Science  Center,  Thousand 
Oaks ,  CA . 

4:00 

ELECTRICAL  PROPERTIES  OF  MBE-GROWN  HgCdTe, 
S .  Hwang .  Jeong  W.  Han,  J.W.  Cook  Jr.  and 
J.F.  Schetzina,  North  Carolina  State  Univer¬ 
sity,  Department  of  Physics,  Raleigh,  NC. 

4:15  E6.6 

FIRST  AND  SECOND  ORDER  RAMAN  STUDIES  OF 
COMPOSITION  AND  STRUCTURAL  ORDERING  IN 

Hgi_KCdxTe ,  _ goapaan.  University  of 

Toledo,  Physics  and  Astronomy  Department, 
Toledo,  OH;  Robert  C.  Bowman  Jr.,  The 

Aerospace  Corporation,  chemistry  and  Physics 
Lab,  Los  Angeles,  CA. 

4:30  E6.7 

TEMPERATURE-DEPENDENT  INFRARED  ABSORPTION  OF 
HG-BASED  II-VI  SEMICONDUCTOR  SUPERLATTICES, 
Z.  Yang.  Y.  Lansari,  J.W.  Han  and  J.F. 

Schetzina,  North  Carolina  state  University, 
Physics  Department,  Raleigh,  NC. 

4:45  E6.B 

PROPERTIES  OF  MODULATION  DOPED  HgCdTe,  Jeono 
w,  Han.  S.  Hwang,  Y.  Lansari,  J.W.  Cook  Jr. 
and  J.F.  Schetzina,  North  Carolina  State 
University,  Physics  Department,  Raleigh,  NC. 


SESSION  E7 :  HgCdTe :  SURFACES. 
EASSIV-ANTS.,  ,  AND  PROCESSING 
Chair:  S.  Hwang 

Thursday  Morning,  November  30 
Salon  H/I  (M) 

8:30  *E7 . 1 

SHOCKLEY-READ  RECOMBINATION  IN  P-TYPE 
HgCdTe,  Y.  Nemirovsky  and  R.  Fastow,  Tech- 
nion-Israel  institute  of  Technology,  Depart¬ 
ment  of  Electrical  Engineering,  Haifa, 
Israel . 

9:15  E7 ■ 2 

THE  EFFECT  OF  SURFACE  LAYERS  IN  EPITAXIAL  n- 
TYPE  HgCdTe,  K.K.  Parat.  N.R.  Taskar ,  I.B. 
Bhat  and  S.K.  Ghandhi,  Rensselaer  Polytech¬ 
nic  Institute,  Troy,  NY. 

9:30  E7.3 

SURFACE  ELECTRONS  IN  INVERTED  LAYERS  OF  P- 
HGCDTE,  S.E.  Schacham  and  E.  Finkman,  Tech- 
nion-Israel  Institute  of  Technology,  Depart¬ 
ment  of  Electrical  Engineering,  Haifa, 
Israel . 

9:45.  E7.4 

ELECTRICAL  CHARACTERIZATION  OF  P-TYPE 
CdxHg1_xTe  GROWN  BY  MOVPE  (IMP),  A.,  Rovle, 
J.S.  Gough,  S.J.C.  Irvine  and  J.B.  Mullin, 
Royal  Signals  and  Radar  Establishment, 
Worcestershire,  United  Kingdom. 

10:00  E7.4A 

MBE  GROWTH:  SURFACE  ROUGHNESS  THEORY,  A. 
Sher,  Srinivasan  Krishnamurthy ,  Martha  A. 
Berding,  SRI  International,  Menlo  Park,  CA; 
A.-B.  Chen,  Auburn  University,  Auburn,  AL; 
and  Archibald  Fripp,  National  Aeronautics 
and  Space  Administration,  Langley  Research 
Center,  Hampton,  VA. 

10:30  E7.5 

LANGMUIR-BLODGETT  FILM  PASSIVATION  ON  CATHO- 
DICALLY  CLEANED  MCT  AND  PC-TYPE  DEVICES, 
Kenoo  Shimanoe.  Tetsuya  Suzuki,  Taizo 
Hoshino  and  Masao  Sakashita,  Nippon  Steel 

Corporation,  R&D  Labs. -I,  Kawasaki,  Japan. 

10:45  E7.6 

ENHANCED  METALLIZATION  STABILITY  ON  MERCURY - 
CADMIUM-TELLURIDE,  A.  Raisanen .  G.  Haugstad, 
X.  Yu  and  A.  Franciosi,  University  of  Min¬ 
nesota,  Department  of  Chemical  Engineering 

and  Materials  Science,  Minneapolis,  MN;  D.J. 
Peterman,  McDonnell  Douglas  Research  Labs, 
St.  Louis,  MO. 

11:00  E7.7 

GROWTH  OF  HIGH  QUALITY  LWIR  FILMS  BY  LIQUID 
PHASE  EPITAXY,  Dipankar  Chandra.  Texas 
Instruments,  Dallas,  TX. 
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11:15  E7.8 

CHARACTERIZATION  OF  (Hg,Cd)  Te  FOR  INFRARED 
FOCAL  PLANE  ARRAY  APPLICATIONS,  A.  J. 
Svllaios .  v.c.  Lopes  and  W.H.  Wright,  Texas 
Instruments,  Inc.,  Dallas,  TX. 

11:30  E7.9 

EFFECTS  ON  DEFECTS  ON  METAL-INSULATOR-SEMI- 
CONDUCTOR  PROPERTIES  OF  HgCdTe  FILMS  GROWN 
BY  LIQUID  PHASE  EPITAXY,  Dipankar  Chandra 
and  Michael  W.  Goodwin,  Texas  Instruments, 
Inc.,  Dallas,  TX. 

11:45  E7.1Q 

LOW-TEMPERATURE  PROCESSING  TECHNOLOGY  FOR 
1 1 -VI  SEMICONDUCTORS,  D.L.  Dreifus  and  R.M. 
Kolbas,  North  Carolina  State  University, 

Department  of  Electrical  and  Computer  En¬ 

gineering,  Raleigh,  NC;  B.P.  Sneed  and  J.F. 
Schetzina,  North  Carolina  State  University, 
Department  of  Physics,  Raleigh,  NC. 

SESSION  E8 : _ HoCdTe : _ EITAXIAL  GROWTH 

Chair:  J.  Arias 
Thursday  Afternoon,  November  30 
Salon  H/I  (M) 

1:30  *E8.1 

RECENT  PROGRESS  IN  THE  OMVPE  GROWTH  OF 
HgCdTe,  S.K-  Ghandhi .  Rensselaer  Polytechnic 
Institute,  Troy,  NY. 

2:15  E8.2 

VAPOUR  PRESSURE  MEASUREMENTS  ON  ORGANOTEL- 
LURIUM  PRECURSORS  FOR  MOVPE,  J.E.  Hails. 
S.J.C.  Irvine  and  J.B.  Mullin,  Royal  Signals 
and  Radar  Establishment,  Worchestershire , 
United  Kingdom. 

2:30  E8.3 

INFLUENCE  OF  SUBSTRATE  QUALITY  IN  THE  METAL 
ORGANIC  CHEMICAL  VAPOUR  DEPOSITION  OF  HgCd¬ 
Te,  M.J.  Bevan  and  N.J.  Doyle,  Westinghouse 
Science  and  Technology  Center,  Pittsburgh, 
PA. 

2:45  E8.4 

TEM  CHARACTERIZATION  OF  DEFECTS  IN  HgCdTe 
GROWN  ON  (001)  CdTe  AND  (lll)B  CdZnTe  SUB¬ 
STRATES  BY  MOCVD ,  Anthony  Hobbs.  O.  Ueda,  K. 
Maruyama,  S.  Murakami  and  K.  Shinohara, 
Fujitsu  Laboratories  Ltd.,  Atsugi,  Japan. 

3:00  BREAK 

3:30  E8...5 

STRUCTURAL  AND  ELECTRICAL  PROPERTIES  OF 
HETEROEPITAXIAL  HgCdTe/CdZnTe/GaAs/Si ,  S.M. 
Johnson .  W.L.  Ahlgren,  M.H.  Kalisher,  W.J. 
Hamilton  Jr.  and  J.B.  James,  Santa  Barbara 
Research  Center,  Goleta,  CA. 


3:45  E8.6 

PROPERTIES  OF  HgTe-ZnTe  STRAINED  LAYER 
SUPERLATTICES  GROWN  BY  MOVPE,  J.T.  Mulling. 
P . A .  Clifton,  P.D.  Brown,  K.  Durose  and  A.W. 
Brinkman,  University  of  Durham,  Applied 
Physics  Group,  S.E.A.S.,  Durham,  United 
Kingdom. 

4:00  E8.7 

MBE  GROWTH  AND  CHARACTERIZATION  OF  SMALL 
BAND  GAP  HgTe-HgCdTe  SUPERLATTICES, 
Lansari  ■  Z.  Yang,  S.  Hwang,  J.W.  Cook  Jr. 
and  J.F.  Schetzina,  North  Carolina  State 
University,  Physics  Department,  Raleigh,  NC. 

4:15  E8.8 

PHASE  DIAGRAM  LATTICE  PARAMETER  AND  OPTICAL 

OPTICAL  ENERGY  GAP  VALUES  FOR  THE 
Hg^x(CuIn)yMn2zTe2  (x+y+z=l)  ALLOYS,  Pedro 
Gnroa  Gallardo.  Universidad  de  Los  Andes, 
Centro  de  Estudios  en  Semiconductores ,  Fac. 
Ciencias.  Dpto.  Fisica.,  Laboratorio  de 
Cristales,  Merida,  Venezuela. 

4:30  E8.9 

ON  THE  FIELD  EMISSION  FROM  HgTe-CdTe  SUPER¬ 
LATTICES  WITH  GRADED  STRUCTURES  UNDER  MAG¬ 
NETIC  QUANTIZATION,  Kamakhva  P .  Ghatak . 
University  of  Jadavpur,  Department  of  Elec¬ 
tronics  Engineering,  Calcutta,  India;  Sambhu 
N.  Biswas,  Bengal  Engineering  College, 
Department  of  Electronics  and  Telecom¬ 
munication  Engineering,  West  Bengal,  India. 

4:45  E8.10 

INVESTIGATION  OF  LIQUID  ENCAPSULANT  FOR  CdTe 
AND  CdxHg1_xTe  MELT,  Wang  Caihao  and  Wu 
Wenhai .  Shanghai  University  of  Science  and 
Technology,  Department  of  Materials  Science, 
Shanghai,  China. 

5:00  EB,U 

MBE  GROWTH  AND  CHARACTERIZATION  OF  HIGH 
QUALITY  EPITAXIAL  Hg^xCdxTe  THIN  FILMS, 
M.B-  Lee.  J.  De  Carlo,  D.  Di  Marzio  and  M. 
Kesselman,  Grumman  Corporate  Research  Cen¬ 
ter,  Bethpage,  NY. 

SESSION  E9 :  Hq-BASED  SUPERLATTICES; 

3MS .MATERIALS 

Chair:  Y.  Lansari 

Friday  Morning,  December  1 
Salon  H/I  (M) 

8:30  *E9 . 1 

FREE-CARRIER  INDUCED  OPTICAL  NONLINEARITIES 
IN  NARROW  BANDGAP  SEMICONDUCTORS,  S.Y. 
Auvana .  Massachusetts  Institute  of  Technol¬ 
ogy,  Cambridge,  MA;  and  P.A.  Wolff,  NEC 
Research  Institute,  Princeton,  NJ. 
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9:00  E9.2 

NARROW-GAP  NONLINEAR  OPTICAL  MATERIALS,  E.R. 
Youngdale.  C.A.  Hoffman,  J.R.  Meyer,  F.J. 
Bartoli,  Naval  Research  Laboratory,  Washing¬ 
ton,  DC;  J.W.  Han,  J.W.  Cook  Jr.,  and  J.F. 
Schetzina,  North  Carolina  State  University, 
Raleigh,  NC;  and  A.  Martinez,  Naval  Surface 
Weapons  Center,  Silver  Spring,  MD. 

9:15  *E9 . 3 

TRANSPORT  PROPERTIES  OF  Hg-BASED  SUPERLAT¬ 
TICES,  SLtAs Hoffman.  J.R.  Meyer  and  F.J. 

Bartoli,  Naval  Research  Laboratory,  Washing¬ 
ton  ,  DC . 

9:45  E9.4 

HgTe-CdTe  MULTIPLE  QUANTUM  WELLS,  C.A. 
Hoffman,  D.J.  Arnold,  J.R.  Meyer,  F.J. 
Bartoli .  Naval  Research  Laboratory,  Washing¬ 
ton,  DC;  Y.  Lansari,  J.W.  Cook,  Jr.,  and 
J.F.  Schetzina,  North  Carolina  State  Univer¬ 
sity,  Raleigh,  NC. 

10:00  E9.5 

ELECTRIC  FIELD  EFFECTS  IN  HG-BASED  AND  NON- 
HG-BASED  I I -VI  SEMICONDUCTOR  QUANTUM  WELLS, 
2.  Yano.  J.F.  Schetzina,  North  Carolina 
State  University,  Physics  Department,  Ra¬ 
leigh,  NC. 

10:15  BREAK 

10:30  *B9.6 

NEW  DEVELOPMENTS  IN  II-VI-BASED  DILUTED 
MAGNETIC  SEMICONDUCTORS,  J.K.  Furdvna  and  N. 
Samarth,  University  of  Notre  Dame,  Physics 

Department,  Notre  Dame,  IL. 

11:00  E9.7 

MAGNETIC  PROPERTIES  OF  NOVEL  III-V  DILUTED 
MAGNETIC  SEMICONDUCTORS,  S.  von  Moln£r .  H. 
Munekata,  H.  Ohno  and  L.L.  Chang,  IBM  T.J. 
Watson  Research  Center,  Yorktown  Heights, 
NY. 

11:15  E9.8 

TEM  STUDY  OF  DEFECTS  IN  CdTe/CdMnTe  SUPER¬ 
LATTICES  ON  (100)  InSb,  S.  Diamond  and  J.W. 
Steeds .  University  of  Bristol,  Physics 
Department,  Bristol,  United  Kingdom. 

11:30  E9.9 

In  AND  Ga  AUTODOPING  OF  CdMnTe  EPILAYERS 
GROWN  ON  InSb  AND  GaAs  SUBSTRATES,  J.  J. 
PufePWSKi ,  J.M.  Wrobel ,  S.  Rolfe,  National 
Research  Council  of  Canada,  Division  of 
Physics,  Laboratory  for  Microstructural 
Sciences,  Ottawa,  Canada;  J.A.  Jackman, 
CANMET,  Metals  Technology  Laboratories, 
Ottawa,  Canada;  and  J.H.  Mazur,  University 
of  Southern  California,  Materials  Science 
and  Engineering  Department,  Los  Angeles,  CA. 


11:45  E9 » 10 

PHOTOLUMINESCENCE  STUDIES  OF  DILUTED  MAG¬ 
NETIC  SEMICONDUCTORS  UNDER  HYDROSTATIC 
PRESSURE:  Cd^jjMnjfTe,  M.  Prakash.  M. 

Chandrasekhar  and  H.R.  Chandrasekhar,  Uni¬ 
versity  of  Missouri,  Columbia,  MO;  I. 
Miotkowski  and  A.K.  Ramdas,  Purdue  Univer¬ 
sity,  West  Lafayette,  IN. 

SESSION  E10: _ DMS  MATERIALS 

Chair:  S.  von  Molnar 

Friday  Afternoon,  December  1 
Salon  H/I  (M) 

1:30  E10.1 

OBSERVATION  OF  Mn2+  TRIPLET  CLUSTERS  AND 
NON-NEAREST  NEIGHBOR  EXCHANGE  EFFECT  IN 
(Cd,Mn)Te,  Xiaomei  Wano.  D.  Heiman,  S.  Foner 
and  P.  Becla,  Massachusetts  Institute  of 
Technology,  Francis  Bitter  National  Magnet 
Laboratory,  Cambridge,  MA. 

1:45  E1P..-2 

THE  EFFECT  OF  DZYALOSHINSKI-MORIYA  INTERAC¬ 
TION  ON  THE  MAGNETIZATION  OF  DILUTE  MAGNETIC 
SEMICONDUCTORS,  C.R.  McIntyre.  Massachusetts 
Institute  of  Technology,  Physics  Department, 
Cambridge,  MA;  P.A.  Wolff,  NEC  Research  In¬ 
stitute,  Princeton,  NJ;  and  Y.  Shapira, 
Tufts  University,  Physics  Department,  Med¬ 
ford,  MA. 

2:00  E10.3 

IN-SITU  STUDIES  OF  SEMIMAGNETIC  HETEROJUNC¬ 
TION  PARAMETERS,  xiaohua  Yu.  A.  Raisanen,  G. 
Haugstad,  N.  Troullier  and  A.  Franciosi, 
University  of  Minnesota,  Department  of 
Chemical  Engineering  and  Materials  Science, 
Minneapolis,  MN. 

2:15  E10.4 

NOVEL  PROPERTIES  OF  MAGNETIC  SEMICONDUCTORS 
GROWN  BY  MONOLAYER  DEPOSITION  USING  LASER- 
TARGET  ABLATION,  x.-L.  Zheng.  C.A.  Huber  and 
D.  Heiman,  Massachusetts  Institute  of  Tech¬ 
nology,  Francis  Bitter  National  Magnet 
Laboratory,  Cambridge,  MA. 

2:30  ElCLi 

PHOTOLUMINESCENCE  OF  ZnSe  FILMS  AND  ZnSe/Zn- 
MnSe  STRAINED  LAYER  SUPERLATTICES  UNDER 
HYDROSTATIC  PRESSURE,  Judah  A.  Tuchman, 
Zhifeng  Sui,  Irving  P.  Herman.  Columbia 
University,  Department  of  Applied  Physics, 
New  York,  NY;  R.L.  Gunshor,  Purdue  Univer¬ 
sity,  School  of  Electrical  Engineering,  West 
Lafayette,  IN;  L.A.  Kolodzie  jski ,  Mas¬ 
sachusetts  Institute  of  Technology,  Depart¬ 
ment  of  Electrical  Engineering,  Cambridge, 
MA. 
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2:45  E10.6 

MAGNETO-OPTICAL  STUDIES  OF  ZnFeSe/ZnSe/ 
ZnFeSe  QUANTUM  WELL  STRUCTURES,  X.  Liu  and 
A.  Petrou,  SUNY  at  Buffalo,  Department  of 
Physics  and  Astronomy,  Buffalo,  NY?  B.T. 
Jonker,  G.A.  Prinz  and  J.J.  Krebs,  Naval 

Research  Laboratory,  Washington,  DC;  and  J. 
Warnock,  IBM  T.J.  Watson  Research  Center, 
Yorktown  Heights,  NY. 

3 : 00  BREAK 

3:30  E1Q  r  .7 

TRANSITION  METAL  DONOR  LEVELS  IN  II-VI 
SEMICONDUCTORS,  D.  Heiman.-  M.  Dahl,  J. 
Perkins,  X.  Wang,  X.-L.  Zheng,  P.  Becla, 
Massachusetts  Institute  of  Technology, 
Francis  Bitter  National  Magnet  Laboratory, 
Cambridge,  MA;  K.  Smith,  J.  Marsella,  K. 
Dwight,  A.  Wold,  Brown  University,  Chemistry 
Department,  Providence,  RI ;  and  A. 
Mycielski,  Academy  of  Science,  Institute  of 
Physics,  Warsaw,  Poland. 

3:45  EIP.8 

MAGNETIC  STUDY  OF  Fe-BASED  II-VI  DILUTED 
MAGNETIC  SEMICONDUCTORS,  H.J.M.  Swacrten . 
Eindhoven  University  of  Technology,  Depart¬ 
ment  of  Physics,  Eindhoven,  The  Netherlands; 
A.  Twardowski,  Warsaw  University,  Institute 
of  Experimental  Physics,  Warsaw,  Poland; 
C.E.P.  Gerrits  and  W.J.M.  de  Jonge,  Eind¬ 
hoven  University  of  Technology,  Department 
of  Physics,  Eindhoven,  The  Netherlands. 

4:00  E10.9 

ENERGY  LEVEL  SPECTRA  OF  TRANSITION  METAL 
IONS  IN'  DILUTED  MAGNETIC  SEMICONDUCTORS, 
Murielle  Villeret,  S.  Rodriguez.  Purdue 
University,  Department  of  Physics,  West 
Lafayette,  IN;  and  E.  Kartheuser,  University 
de  Liege,  Liege,  Belgium. 

4:15  SMMfl 

RAMAN  SPECTROSCOPY  OF  A  NOVEL  DILUTED  MAG¬ 
NETIC  SEMICONDUCTOR:  CUBIC  Cd^^n^e,  R.G. 
Alonso,  E.-K.  Suh,  Purdue  University,  De¬ 
partment  of  Physics,  West  Lafayette,  IN;  H. 
Pascher,  University  of  Bayreuth,  Bayreuth, 
West  Germany;  E.  Oh,  A.K.  Ramdas .  Purdue 
University,  Department  of  Physics,  West 
Lafayette,  IN;  N.  Samarth,  H.  Luo  and  J.K. 
Furdyna,  University  of  Notre  Dame,  Notre 
Dame ,  IN . 

4:30  EULJL1 

THE  INFLUENCE  OF  Fe  DONORS  IN  HgSe  ON  FREE- 
CARRIER  SCATTERING  MECHANISM,  Oiar.  Dinarona . 
Zhang  Jiamin,  Zhou  Qun,  Liu  Kun,  Shanghai 
Institute  of  Technical  Physics,  Academia 
Sinica,  Lab  for  Infrared  Physics,  Shanghai, 
China;  W.  Szuszkiewicz ,  Warsaw  University, 
Institute  of  Experimental  Physics,  Warsaw, 
Poland;  and  A.  Mycielski,  Science  Academia 
of  Poland,  Institute  of  Physics,  Warsaw, 
Poland. 


4:45  E10.12 

FREE  EXCITON  MAGNETOSPECTROSCOPY  OF  CdFeSe 
DILUTED  MAGNETIC  SEMICONDUCTOR,  A . 
Twardowski .  K.  Pakula,  Warsaw  University, 
Institute  of  Experimental  Physics,  Warsaw, 
Poland;  M.  Arciszewska  and  A.  Mycielski, 
Polish  Academy  of  Sciences,  Institute  of 
Physics,  Warsaw,  Poland. 
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El. 3 


GROymi  OF  LARGE-DIAMETER  CdZnTe  AND  CdTeSe  BOULES 
FOR  Hg1.xCdxTe  EPITAXY:  STATUS  AND  PROSPECTS.  S.Sen.  S.M. 
Johnson,  J.A.  Kiele,  W.H.  Konkel  and  J.E.  Stannard,  Santa  Barbara  Re¬ 
search  Center,  75  Coromar  Dr.,  B2/8,  Goleta,  CA  931 17 


Single  crystals  of  CdTe  or  dilute  alloys  of  Cdj.yZnyTe  (y  £  0.04)  and 
CdTei.jScj  (z  £  0.04)  with  low  defect  density  and  large  single-crystal  area 
(>30  cm2)  are  required  as  substrates  for  high-quality  epitaxial  Hg^CdjTe 
thin  films  in  the  infrared  (IR)  detector  industry.  Bridgman  or  gradient 
neeae  has  been  the  most  common  current  technique  used  for  growing  these 
materials.  This  paper  reviews  the  current  status  and  the  evolution  at  SBRC 
of  one  variation  of  the  Bridgman  technique,  viz.,  vertical  modified  Bridg¬ 
man  (VMB),  for  producing  large-area  substrates  with  excellent  uniformin' 
and  reproducibility.  CdTe,  Cdj.^nyTe  (y  £  0.04)  and  CdTe^Se*  (z  £ 
0.04)  boules  of  5-7.5  cm  diameter  nave  been  grown  unseeded  in  the  present 
version  of  the  VMB  growth  system.  In  general,  under  optimum  growth 
conditions,  the  boules  have  the  smallest  grain  structure  (several  grains)  at 
die  tip  end  with  enhancement  of  grain  selection  as  the  cylindrical  body  of  the 
boule  is  approached,  resulting  in  one  predominant  and  large  grain 
occupying  70-80  percent  of  the  entire  boule  volume;  (111  }-oriented  Cdj. 
yZnyTe  and  CdTet.jSej  substrates  with  single-crystal  areas  as  large  as  50- 
60  cm2  have  been  obtained  from  these  boules.  Crystal  quality  characterized 
by  x-ray  rocking  curve,  IR  transmission  (2.5-20  pm),  low-temperature 
photoluminescence,  and  Hall-effect  measurements  as  a  function  of  tem¬ 
perature,  showed  a  strong  correlation  with  the  starting  material  quality 
(especially  that  of  elemental  Te  and  Se).  Analyses  of  the  thermal  history 
during  growth  reveals  that  the  presence  of  the  ampoule  (with  charge)  in¬ 
creases  the  temperature  inside  the  furnace  by  10  to  15  degrees.  The  tem¬ 
perature  gradient  at  the  tip  was  measured  to  be  8-10°  C/cm  and  it  dropped  to 
4-5°  C/cm  beyond  2.5  cm  from  the  tip  —  where  rapid  enhancement  of  grain 
selection  takes  place  in  most  boules.  This  agrees  with  the  prediction  from 
the  numerical  thermal  model  that  was  developed  for  the  growth  process  with 
radiative  and  conductive  heat  transfer  included  and  using  a  temperature 
profile  similar  to  that  existing  in  the  actual  growth  furnace.  Conditions  for 
maximizing  the  fraction  solidifying  with  a  slightly  convex  interface,  hence 
maximizing  the  single  crystal  yield,  will  be  presented. 


El.  2 

BULK  CRYSTAL  GROWTH  OP  LATTICE-MATCHED  CDZNTE  FOR 
HGZNTE  EPITAXY,  S.  McDevitt.  J.  Sepich,  D.  John, 
XI-VI  Incorporated,  Saxonburg,  PA;  and  A.  Sher,  A. 
Raizman,  Solid  State  Physics  Department,  Soreq 
Nuclear  Research  Center,  Yavne,  Israel. 

Lattice-matched  Cd^.^Zn^Te  substrates  have  been 
shown  to  improve  morphology  of  HgCdTe  and  HgZnTe 
epilayers.  Currently,  Cd_ggZn_ Q4Te,  chosen  for  its 
lattice  match  to  Hg<8Cd'2Te, '  is  widely  available 
as  a  substrate  material  and  has  been  statistically 
proven  to  have  lower  dislocation  densities  and 
x-ray  rocking  curves  as  compared  to  CdTe. 

Hg,_xZnxTe  epilayers,  0.16  £  x  <  0.19,  can  be 
lattice  matched  to  Cdj^ZnjjTe  substrates, 
0.20  £  x  £  0.24.  Bulk  crystal  growth  of 
Cd  8Zn_2Te  is  more  difficult  than  Cd  ggZn  04Te 
because  of  its  increased  tendency  to  crack  during 
cooldown.  In  addition,  the  segregation 
coefficient  of  Zn  In  CdTe  limits  the  lattice 
matched  portion  to  approximately  45%  of  the  total 
ingot. 

Cd.gZn  2Te  has  been  successfully  grown, 
characterized  and  fabricated  into  substrates 
specially  chosen  for  their  lattice  match  to 
Hgi_xZnxTe,  0.16  £  x  £  0.19.  The  relatively  large 
number  of  substrates  with  the  same  composition  and 
same  quality  have  provided  the  opportunity  to  test 
processes  of  epitaxial  growth  and  annealing  of 
HgZnTe.  Hg  annealed  epilayers  grown  on  (lll)B 
cdl-xZnxTe'  0.24  £  x  £  0.20,  have  shown  p-type 
conductivity  with  carrier  concentration,  carrier 
mobility  and  minority  carrier  lifetime  comparable 
with  the  best  results  quoted  for  HgCdTe  epilayers. 


ON  THE  RELATIONSHIP  BETWEEN  DISLOCATION  DENSITY 
AND  X-RAY  FULL  WIDTH  HALF  MAXIMUM  IN  HORIZONTAL 
BRIDGMAN  GROWN  CdTe  and  CdZnTe.  H.F.  SchaAWe  and  H.-Y. 
Liu,  Texas  Instruments  Inc.,  Dallas,  Texas  75265 


The  full  width  half  maximum  (FWHM)  of  the  x-ray  double  crystal 
rocking  curve  is  a  frequently  used  measure  of  crystal  quality.  We 
have  measured  the  relationship  between  the  dislocation  density  as 
determined  by  defect  etching  using  the  Nakagawa  etch  and  the  FWHM 
measured  at  the  same  spot  on  horizontal  Bridgman  grown  CdTe  and 
CdZnTe.  We  find  that  there  is  no  simple  relationship  between  the  two 
measurements.  For  example,  one  sample  with  a  FWHM  of  10  arc- 
seconds  had  a  dislocation  density  6  x  10*  cm~J  while  another  with  the 
same  FWHM  had  less  than  10*  cm-J.  However,  a  large  number  of  data 
points  were  scattered  about  the  straight  line,  Pi  =  3  x  103FWHM. 

The  lack  of  a  simple  relationship  results  from  a  failure  to  consider 
the  Burgers  vectors  of  the  dislocations.  The  observed  distribution  of 
dislocations  can  be  considered  to  be  the  sum  of  a  group  of  dislocations 
whose  average  Burgers  vector  is  zero  (i.e.,  randomly  distributed)  and 
one  in  which  all  of  the  Burgers  vectors  are  the  same.  The  first  distri¬ 
bution  will  give  rise  to  a  broadening  proportional  to  the  square  root 
of  the  dislocation  density  while  the  second  will  give  rise  to  a  broaden¬ 
ing  proportional  to  the  density.  Comparison  with  theoretical  models 
shows  that  the  second  type  of  distribution  generally,  but  not  always, 
dominates  in  the  samples  we  have  measured. 

The  two  distributions  can  be  separated  by  making  measurements 
of  the  FWHM  as  a  function  of  the  x-ray  beam  width.  We  will  report 
on  these  measurements. 

El.  4 

PHOTOLDMI1IE8CEHCB  DETECTION  OF  NATIVE  DEFECTS  IN 
THE  EOHFACX  StXaiOV  OF  BDLX  CdTe.  P.M.  Amirtharai 
and  N.K.  Dhar,  U.S.  Army  Center  for  Night  Vision 
and  Electro-Optics,  Fort  Belvoir,  VA. 

High  resolution,  low  temperature  photoluminescence 
( 8-40K)  measurements  were  performed  on  a  series  of 
bulk  CdTe  samples  that  were  doped  with  In  to  a 
density  of  IxlO15  cm-3;  the  initial  reference 
surface  was  obtained  by  cleaving  the  crystal  in  an 
inert  atmosphere  of  n2  or  Ar  and  subsequent 
changes  resulting  from  chemical  etches  (Br/MeOH, 
KOH/MeOH,  Na2S2O4/NaOH/H20,  K2Cr207/HN03/H20)  and 
aging  extending  over  several  weeks  were 
investigated.  The  major  difference  between  the 
as-cleaved  and  the  other  sample  spectra  is  the 
presence  of  a  distinct  peak  at  1.5896  eV. 
Previous  investigations  involving  annealing 
procedures  have  assigned  this  feature  to  originate 
in  Cd  vacancies.  On  this  basis,  it  is  strongly 
suspected  that  etching  and  aging  lead  to  a  loss  of 
Cd  from  the  surface  region.  The  preferential  loss 
of  cd  in  the  near  surface  region  (  <  S0A)  due  to 
Br/MeOH  is  a  well  known  phenomena.  However,  the 
current  investigation  suggests  that  the  effect  may 
extend  much  deeper  and  is  not  particular  to 
Br/MeOH  treatment.  Implications  of  this  result  in 
the  formation  of  electrical  contacts,  device 
properties  and  the  long  term  stability  of  CdTe 
will  be  discussed. 

El.  5 

PHOTOLUMINESCENCE  STUDIES  IN  Zn,Cd,_,Te  SINGLE 
CRYSTALS.  J.  Gonzilez-Hernandezf,  David  D.  Allred.  Physics  and 
Astronomy,  and  Center  for  X-ray  Imaging,  Brigham  Young  Univer¬ 
sity,  Provo,  UT,  84602;  Elias  L6pez-Cruz,  Depto.  de  Fisica,  Institute 
de  Ciencias,  Univetsidad  Autdnoma  de  Puebla,  Puebla,  Mexico  and 
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Worth  P.  Allred*,  GaJtech  Semiconductor  Materials  Corp.,  Mt.  Pleas¬ 
ant,  UT,  84647. 

The  crystalline  quality  of  ZntCdt_,Te  single  crystals  grown  by  a 
modified  Bridgman  technique  with  x  in  the  range  of  0  <  x  ~  0.10  was 
analyzed  using  photoluminescence  (PL),  electrical  and  optical  trans¬ 
mission  measurements.  A  typical  PL  spectrum  shows  two  groups  of 
emission  line:  the  narrow  lines  peaking  at  higher  energies  attributed  to 
excition  recombination  and  the  broader  bands  at  lower  energies  which 
have  been  previously  ascribed  to  band-to- acceptor  radiative  transi¬ 
tions.  Emission  below  the  band-to-acceptor  transitions,  generally  as¬ 
sociated  with  structural  defects  in  CdTe,  were  not  observed  in  our 
materials.  The  analysis  of  the  emission  intensity  as  a  function  of 
both  the  excitation  intensity  and  the  sample  temperature  was  used 
to  identify  the  origin  of  the  various  lines  in  the  spectra.  In  the  exciton 
emission  region,  one  sees  sharp  lines  due  to  free  and  bound  exciton 
transitions.  Furthermore,  emission  involving  excited  states  of  the  free 
exciton  are  observed  in  our  ZntCdi_rTe  with  x  up  to  0.05.  To  our 
knowledge,  this  is  the  first  time  that  those  transitions  are  observed 
in  this  ternary  compound,  regardless  of  the  preparation  method.  The 
latter  is  a  good  indication  of  the  high  crystalline  perfection  of  these 
materials.  Similar  to  the  PL,  optical  transmissir  i  and  electrical  mea¬ 
surements  also  indicate  a  high  crystalline  quality  of  the  ZnrCdi_ITe. 
Effects  of  implantation  doping  will  also  he  discussed. 

f Also  Centro  de  Investigacion  y  EstucLios  Avanzados  del  IPN, 

07000  Mexico,  D.F. 

El.  6 

NONDESTRUCTIVE  COMPOSITIONAL  AND  DEFECT  CHAR¬ 
ACTERIZATION  OF  ZnCdTe  ALLOYS  USING  PHOTOLUMINES¬ 
CENCE  SPECTROSCOPY.  W.M.  Duncan.  R.J.  Koestner,  J.H. 
Tregilgas,  H.-Y.  Liu  and  M.-C.  Chen.  Central  Research  Labora¬ 
tories,  Texas  Instruments,  Inc.,  Dallas,  TX  75265 

Alloys  of  ZnCdTe  are  important  substrate  materials  for  growth 
of  epitaxial  thin  films  of  HgCdTe  for  infrared  detector  applications. 
In  order  to  attain  close  lattice  match  between  ZnCdTe  and  nominally 
10  um  HgCdTe,  alloys  containing  a  few  percent  of  Zn  are  needed.  In 
this  work,  photoluminescence  (PL)  spectroscopy  has  been  developed 
as  a  nondestructive  contactless  method  for  precise  determination 
(+/-  0.002  in  X)  of  ZnTe  mole  fraction. 

Although  photoluminescence  has  been  used  widely  for  qualita¬ 
tive  evaluation  of  II- VI  binary  and  ternary  materials,  the  methodol¬ 
ogy  developed  in  this  work  allows  quantitative  composition  measure¬ 
ments  to  be  performed  at  room  temperature.  Because  of  the  high 
spatial  resolution  obtainable  with  the  method,  microscopic  as  well 
as  macrosc  sc  inhomogeneities  can  be  readily  examined.  For  exam- 
le,  micro,  cop  c  PL  behavior  with  micron  scale  spatial  resolution  has 
een  studie  .  .'or  material  with  and  without  Te  precipitation.  Also, 
determination  of  an  effective  Zn  segregation  coefficient  for  crystals 
grown  by  the  horizon  ted  Bridgman  method  has  been  possible. 

In  order  to  determine  the  accuracy  of  these  measurements,  we 
have  correlated  photoluminescence  results  to  precision  lattice  con¬ 
stant  X-ray  measurements  and  to  theoretical  bandgap  versus  com¬ 
position  behavior.  In  addition  room  temperature  results  have  been 
correlated  to  high  resolution  helium  temperature  PL  measurements 
and  to  transport  measurements.  From  these  latter  comparisons,  it  is 
found  that  room  temperature  PL  lineshapes  and  intensities  provide 
in  addition  qualitative  insight  into  impurity  and  defect  properties  of 
these  substrates.  A  correlation  is  also  found  between  Te  precipitate 
density  and  the  1.09  eV  defect  band  intensity  at  helium  temperature. 

El. 7 

GETTERING  EXPERIMENTS  ON  CdTe  M.H.  Jin.  K.  James,  and 
J.L.  Merz,  Electrical  &  Computer  Engineering  Department,  University 
Of  California,  Santa  Barbara,  CA  93106 

We  report  the  first  observation  of  ion-implantation  damage  gettering  of 
impurities  in  CdTe  to  provide  better  substrates  for  epitaxial  growth  or 
for  other  applications.  In  this  report  we  describe  the  results  of 
photoluminescence  (PL)  experiments  that  were  performed  on  samples  of 


Bridgeman-grown  CdTe  to  study  the  annealing  behavior  and  gettering 
effects  of  the  material.  Cathodoluminescence  (CL)  experiments  were 
also  performed,  and  the  results  were  consistent  with  those  obtained  by 
PL. 

CdTe  is  an  extremely  useful  material  for  optical  devices  which  require  a 
direct  bandgap  in  the  near  infrared.  Bulk  CdTe  is  of  interest  as  a 
substrate  for  the  epitaxial  growth  of  HgCdTe  and  for  formation  of 
superlattices  in  combination  with  other  H-VI  compounds.  However,  in 
order  to  properly  control  the  liquid-phase  epitaxial  (LPE)  growth  of 
HgCdTe  on  CdTe,  a  knowledge  of  the  annealing  behavior  of  the  CdTe 
substrate  is  essential.  It  is  also  necessary  to  identify  and  eliminate 
unwanted  impurities  if  the  CdTe  is  to  become  technologically  important 
for  this  purpose. 

From  PL  and  CL  experiments  the  annealing  behavior  of  bulk  CdTe 
material  was  studied.  It  was  found  that  impurity  gettering  can  occur  at 
the  temperature  at  which  liquid  phase  epitaxy  takes  place  (500°C).  It 
was  also  found  that  the  optimum  anneal  time  is  four  hours  at  this 
temperature.  This  gettering  of  impurities  should  provide  improved 
substrates  for  epitaxial  growth. 

El.  8 

PH0T0PLASTIC  BEHAVIOR  OF  TYPE  II-VI  SEMICONDUCTORS.  T.J 
Garosshen,  C.S.  Kim  and  J.M.  Galllgan,  Department  of  Metal¬ 
lurgy  and  Institute  of  Materials  Science,  University  of 
Connecticut,  Storrs,  CT  06269-3136. 

An  Interesting  phenomenon  related  to  charged  dislocations  in 
type  II-VI  semiconductors  is  the  Increase  In  flow  stress 
which  occurs  when  a  crystal,  which  Is  plastically  deforming, 
is  irradiated  with  light.  This  effect  Is  quite  large;  for 
example,  CdS  exhibits  as  much  as  a  1001  Increases  in  flow 
stress  when  irradiated  with  white  light  with  an  intensity  of 
0.02  watts/cm  . 

The  results  of  experiments  on  the  effects  of  temperature, 
slip  systems,  and  defect  concentration  on  the  extent  of  the 
photoplastic  effect  and  related  kinectic  behavior,  will  be 
presented  for  CdS.  Measurements  of  the  current  associated 
with  dislocation  motion  will  also  be  presented,  along  with  a 
discussion  of  the  pertinent  mechani sm(s) . 

In  addition,  methods  of  exploiting  photoplastic  behavior  to 
improve  device  performance  will  be  presented. 

El.  9 

PREPARATION  AND  CHARACTERISATION  OF  (ZnTeW 
( CdSe  >  I  _x  SINGLE  CRYSTALS.  V. K . MADHUSMITHA  RANI, 
R.P.  VIJAYA  LAKSHMI ,  D. RAJA  REDDY  AND  B.K. REDDY. 
DEPARTMENT  OF  PHYSICS,  S . V . UNI VERSITY  COLLEGE, 
TIRUPATI  -517  502  INDIA. 

The  t  itlematerial  is  one  of  the 
least  studied  among  II  -  VI  alloy  systems.  Due 
to  auto  compensation,  so  four  it  has  not  been 
possible  to  prepare  ZnTe  in  n-type  and  CdSe  in  p- 
type.  More  over  ZnTe  crystallizes  in  Zinc  blend 
where  as  CdSe  crystallizes  in  wurtzite  structure. 
Because  of  the  varied  nature  of  the  end 
compounds,  an  attempt  has  been  made  to  prepare 
single  crystals  of  (ZnTe)x  (CdSe)|.x  system  in 
the  entire  range  of  'x'.  The  alloy  material  in 
entire  range  of  composition  in  the  single  crystal 
form  was  grown  by  a  modified  Piper-Polich  method. 
The  grown  crystals  of  this  alloy  system  have  been 
subjected  to  chemical  analysis.  DTA  and  DTG 
studies  carried  out  on  these  alloys  did  not  shows 
any  phase  transitions.  However,  two  Exothermic 
peaks  associated  with  increase  in  mass  were 
noticed.  This  has  been  attributed  to  oxidation 
effects  of  Se/Te  or  Cd/Zn.  XRD  data  though 
showed  some  regularity  near  the  end  compositions 
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there  is  still  some  ambiguity  for  the  middle 
compositions.  Energy  gap  obtained  from 

reflection  spectra  and  also  photocurrent  spectral 
response  showed  bowing.  However,  there  is  a 
marked  different  feature  at  one  the  end  regions. 
The  growth  and  the  results  of  all  the  above 
mentioned  investigations  are  presented  and 
discussed  in  this  paper. 

E2.1 

RECENT  ADVANCES  IN  STRAINED  WIDE-GAP  E-VI 
SEMICONDUCTOR  SUPERLATTICES.  A.V.  Nurmikko. 
Brown  University,  Providence  RI,  R.L.  liunshor  and  M. 
Kobayashi,  Purdue  University,  Lafayette  IN,  L.A. 
Kolodziejski,  M.I.T.,  Cambridge,  MA. 

We  review  recent  work  in  wide-gap  II-VI  heterostructures 
with  focus  on  ZnSe/ZnTe,  ZnTe/MnTe.  and  CdTe/MnTe 
superlattices  and  quantum  wells.  The  ZnSe/ZnTe  system 
has  been  studied  in  the  limit  of  ultrathin  layers  of  one  or 
two  monolayers  of  ZnTe  imbedded  into  ZnSe  films  or 
quantum  wells;  the  electronic  properties  of  such  structures 
reflect  the  'isoelectronic  delta-doping’  by  nearly  2- 
dimensional  arrays  of  Te  strong  exciton  self-trapping  and 
high  radiative  efficiencies.  A  good  microsopic 
understanding  of  such  centers  has  been  obtained  through 
steady-state  and  transient  spectroscopies. 

ZnTe/MnTe  and  CdTe/MnTe  heterostructures  have 
been  prepared  as  single  quantum  wells  (SOW)  with 
relatively  thin  (<40A)  MnTe  barrier  layers.  While  bulk 
MnTe  crystallizes  in  the  hexagonal  layered  (NiAs)  form, 
its  pseudomorphic  growth  in  the  zincblende  form  has  been 
realized  in  these  structures.  As  one  consequence,  the 
optical  gap  of  MnTe  increases  from  approximately  1.3  eV 
to  3.2  eV.  The  SQW’s  exhibit  strong  electronic 
confinement;  CdTe/MnTe.  for  example,  shows  optical 
emission  up  to  about  2.0  eV  while  bulk  CdTe  bandgap  is 
at  1.6  eV.  Photoluminescence  and  resonant  Raman 
techniques  have  been  used  to  elucidate  the  electronic  and 
optical  phonon  states.  Strong  exciton-phonon  coupling  is 
in  evidence.  Magneto-optical  methods  have  yielded  partial 
insight  to  the  question  of  interface  coherence  and 
magnetic  ordering  in  these  highly  strained 
heterostructures. 

Research  supported  by  DARPA,  ONR,  and  NSF 


E2.2 

DEEP  LEVEL  LUMINESCENCE  MEASUREMENTS  OF  MBE  CdTe 
GROWTH  QUALITY  AND  PROCESSING.  1.  L  Shaw  and  L.  J 
Brillson,  Xerox  Webster  Research  Center,  Webster,  NY  14580; 
and  S.  Sivananthan  and  J.  P.  Faurie,  University  of  Illinois  at 
Chicago,  Chicago,  IL  60680 

We  have  used  luminescence  spectroscopies  to  characterize  the 
deep  levels  within  MBE-grown  CdTe  epilayers  as  a  function  of 
growth  and  subsequent  processing  conditions.  Clear 
differences  in  deep  level  emission  energies  and  intensities  are 
evident  as  a  function  of  growth  orientation,  temperature,  and 
Te  background  pressure.  We  have  also  investigated  the  effect 
of  Br-methanol  etching  and  subsequent  thermal  desorption  of 
excess  Te  on  the  deep  level  emission.  Photoluminescence  (PL) 
spectra  of  etched  CdTe  surfaces  measured  at  80  K  in  ultrahigh 
vacuum  (UHV)  after  thermal  desorption  are  sensitive  to  crystal 
surface  stoichiometry.  Auger  electron  spectra  (AES)  show  that 
Br-methanol  etching  in  a  N?  atmosphere  produce  surfaces  free 
of  <;  and  O  but  rich  in  Te.  PL  spectra  after  Te  desorption  at 
2S0  C  exhibit  a  sharp,  intense  band  edge  r  sk  characteristic  of 
clean  surfices  with  minimal  band  b  .  ng/surface  states. 
Unlike  UHV-deaved  surfaces  of  commercial  bulk-grown  CdTe, 
the  cleaned  (100)  M8E  surfaces  show  very  little  emission  below 
the  band  edge  (1.55  eV),  indicating  the  relatively  high  quality 
of  the  MRE-grown  epilayer.  Exposure  of  the  films  to  a  1  kV 
electron  .  earn  virtually  eliminates  the  near  band  edge 
emission  and  introduces  new  mid-gap  spectral  features. 
Further  heating  undamaged  MBE  films  produces  changes  in 
near  band  edge  emission  lines  due  to  stoichiometry  changes 


below  AE^  detectability  and  significant  mid-gap  emission 
above  450  C.  Thus  deep  level  luminescence  techniques  are 
sensitive  indicators  of  MBE  growth  quality  and  potentially 
powerful  tools  for  optimizing  growth  and  processing. 

E2.3 

STRUCTURAL  AND  VIBRATIONAL  PROPERTIES  OF  ZnTe 
EPITAXIAL  LAYERS  GROWN  BY  MBE.  I.  Eetmzzella  ,  D. 
Olego,  Philips  Laboratories,  North  American  Philips  Corp., 
Briarcliff  Manor,  NY;  X.  Chu  and  J.  P.  Faurie,  University  of 
Illinois  at  Chicago. 


We  have  investigated  the  structural  and  vibrational  properties 
of  ZnTe  thin  films,  grown  by  molecular  beam  epitaxy,  with 
transmission  electron  microscopy  and  Raman  spectroscopy. 
The  ZnTe  films  were  grown  from  a  compound  source  on  (100) 
GaAs  substrates  and  have  thicknesses  in  excess  of  2  fim.  These 
layers  were  studied  as  a  function  of  growth  temperature,  T  , 
ranging  from  250  to  350°C. 


The  structural  properties  of  the  GaAs  -  ZnTe  interface  and 
bulk  of  the  films  are  similar  throughout  the  range  of  growth 
temperatures.  Misfit  dislocations  are  found  at  the  interface  and 
threading  dislocations  are  found  throughout  the  bulk  of  the 
ZnTe.  The  ZnTe  films  displayed  a  pronounced  difference,  how¬ 
ever,  in  the  structural  properties  of  the  near  surface  region  as  a 
f”  notion  of  growth  temperature.  The  films  grown  at  T  >  300 
3  show  precipitates,  with  dimensions  of  about  500  A  in  width, 
embedded  in  the  ZnTe  lattice  and  associated  with  the  threading 
dislocations.  The  precipitates  are  crystalline  Te  as  determined 
by  energy  dispersive  x-ray  analysis  and  electron  diffraction.  In 
high  resolution  micrographs  of  the  ZnTe  -  Te  precipitate  inter¬ 
faces  some  degree  of  coherency  exists.  The  chemical  nature  of 
the  precipitates  is  confirmed  by  the  appearance  of  strong  Te 
modes  in  the  Raman  spectra.  The  Te  modes  are  shifted  to 
higher  frequencies  due  to  tensile  strain  am  a  result  of  the  lattice 
mismatch  with  ZnTe.  In  addition  to  the  Te  precipitates  there 
was  a  very  thin  film  =  50  A  over  the  entire  surface  of  the  ZnTe. 
This  layer  was  found  to  be  epitaxial  and  have  a  smaller  lattice 
parameter  than  the  ZnTe  by  high  resolution  microscopy.  The 
chemical  nature  of  this  film  is  under  investigation.  The  precipi¬ 
tates  and  thin  film  formation  are  avoided  when  the  films  are 
grown  with  substrate  temperatures  <  275°C.  In  light  of  this 
temperature  dependence  we  conclude  that  the  Te  diffuses 
through  the  film  and  precipitates  near  the  top  surface  at  higher 
growth  temperatures.  This  process  appears  to  be  facilitated  by 
threading  dislocations  present  in  the  bulk  of  the  film. 

E2.4 

HIGH  RESOLUTION  AND  ANALYTICAL  ELECTRON  MICRO¬ 
SCOPY  OF  MULTILAYER  HETEROEPITAXIAL  SEMICON¬ 
DUCTORS.  ILiL  Klccbc*.  W.J.  Hamilton**,  W.L.  Ahlgren**,  S.M. 
Johnson**,  M.  RUhle*;  *=UCSB,  Materials  Dept,  Eng.  in,  Santa 
Barbara,  CA;  and  **=Sama  Barbara  Research  Center,  Goleta,  CA. 

Development  of  thin-film  epitaxial  layers  on  silicon  substrates  is  being 
actively  pursued  as  an  alternative  to  bulk  substrates  for  potential 
improvements  in  size,  strength,  monolithic  signal  processing,  and  cost  of 
infrared  detectors.  This  study  has  investigated  the  structural  and  chemical 
properties  of  films  of  CdTe  /  CdZnTe  grown  on  GaAs/Si  wafers  by  metal 
organic  chemical  vapor  deposition  (MOCVD)  followed  by  the  growth  of 
HgCdTe  by  liquid-phase  epitaxy  (LPE).  Key  to  the  success  in  achieving 
high  quality  transmission  electron  microscope  (TEM)  images  of  these 
multilayer  structures  was  the  development  of  a  specimen  preparation 
method  that  provides  a  great  deal  of  rigidity  and  strength  during 
mechanical  and  ion  thinning. 

Using  TEM  with  ancillary  analytical  methods,  paraltel  electron  energy- 
loss  spectroscopy  (PEELS)  and  energy-dispersive  x-ray  spectroscopy 
(EDS),  a  number  of  observations  have  been  made.  Low  magnification 
images  show  broad  area  relationships  of  the  layers  and  structural  defects. 
High  resolution  imaging  of  cross  sections  of  the  multilayers  shows  a 
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number  of  phenomena:  most  of  the  hetcroepitaxial  misfit  is  relieved  by 
misfit  dislocations  at  the  interfaces:  many  stacking  faults  and  threading 
dislocations  propagating  across  the  films  appear  to  be  related  to  interface 
structural  anomalies;  there  is  some  evidence  of  contamination  at 
interfaces,  but  interface  defects  mainly  appear  to  be  extremely  minute  pits 
or  hillocks.  EDS  and  PEELS  investigations  of  interface  regions  have 
demonstrated  a  redistribution  of  material  close  to  interfaces. 

E2.5 

SOLUBILITY  OF  IMPURITIES  AND  DEFECT  IMPURITY  INTERACTION 
IN  II-VI  SEMICONDUCTORS.  Yves  Marfaing,  Laboracoire 
de  Physique  des  Solides  de  BeLLevue,  CNRS »  Meudou,  France. 

Impurity  doping  in  II-VI  semiconductors  is  characterized 
by  two  aspects  :  limited  solubility  of  electrically 
active  impurities,  strong  interaction  of  impurities 
with  native  defects.  Examples  are  found  in  the  whole 
range  of  materials  from  narrow  band  gap  alloys  (CdHgTe) 
to  wide  band  gap  compounds  (ZnTe,  ZnSe)  :  net  donor 
or  acceptor  concentration  is  at  most  equal  to  a  few 
1018  cm’3  while,  in  extreme  cases,  self  compensation 
of  impurities  prevents  conversion  of  conductivity  type. 

First  the  specific  properties  of  the  II-VI  semicon¬ 
ductors  at  the  origin  of  the  observed  effects  will  be 
discussed  :  energies  of  formation  and  migration  of 
defects,  position  of  the  associated  electronic  levels, 
energy  of  mixing  with  foreign  elements. 

Then  in  the  light  of  that  analysis  the  particular  aspects 
presented  by  the  methods  of  growth  at  low  temperature 
( MBE ,  MOCVD )  will  be  considered. 

Finally  the  problem  of  impurity  incorporation  under 
non-equilibrium  conditions  will  be  addressed.  One  process 
is  ion  implantation  followed  by  rapid  thermal  annealing. 
Another  interesting  phenomenon  is  related  to  the  change 
in  the  charge  state  of  defects  caused  by  excess  charge 
carriers.  This  could  possibly  lead  to  photo-induced 
doping. 

E2.6 

MOCVD  GROWTH  OF  Cdl-yZnyTe  EPITAXIAL  LAYERS  USING  A 
VERTICAL  FLOW/HIGH-SPEED  HORIZONTAL  ROTATING  DISK 
REACTOR.  W.  L.  Ahlqren.  S.  M.  Johnson,  W.  J.  Hamilton,  and  A.  Szilagyi, 
Santa  Barbara  Research  Center,  Goleta,  CA  93117;  G.  S.  Tompa  and  P.  D. 
Reinert,  EMCORE  Corp.,  Somerset,  NJ  08873;  C.  K.  Ziegler  and  W.  J.  Lick, 
University  of  California,  Santa  Barbara,  CA  93106. 

Cd'  -yZnyTe  grown  epitaxially  on  GaAs  or  GaAs/Si  is  a  substrate  material 
foi  .fgi  -xCdxTe  thin  film  growth.  For  this  application,  the  crystal  lattice 
perfection  and  alloy  compositional  uniformity  are  of  primary  importance. 
Superior  compositional  uniformity  should  be  achieved  in  a  vertical  flow/high¬ 
speed  horizontal  rotating  disk  reactor,  for  which  the  substrate  surfaces  are 
uniformly  accessible  (heat  and  mass  transfer  rates  are  uniform  over  the 
radius  of  the  disk).  Using  such  a  reactor,  a  parametric  study  of  Cdi-yZnyTe 
deposition  on  GaAs  and  GaAs/Si  substrates  has  been  carried  out.  The 
parameters  varied  were  reactant  concentrations  and  substrate  temperature. 
In  addition,  a  variety  of  substrate  orientations  and  pre-growth  cleaning 
procedures  were  used.  Layer  characteristic*  to  be  presented  include  alloy 
composition  and  uniformity,  Ga  and  As  corner, (,  crystal  lattice  perfection,  and 
surface  morphology.  Alloy  composition  and  uniformity  are  determined  by 
mapping  the  bandgap  and  lattice  constant  using  photoluminescence  and  x-ray 
techniques.  Profiles  of  Ga,  As,  and  other  impurities  in  the  CdZnTe  layers  are 
derived  from  SIMS  measurements.  Crystal  lattice  perfection  is  established 
using  x-ray  and  electron  beam  techniques,  including  TEM  (high-resolution  cross- 
sectional  lattice  imaging)  and  SEM  (cathodoluminescence  and  electron  beam 
channeling).  Surface  morphology  is  assessed  on  the  basis  of  micrographs  and 
haze  measurements  derived  from  a  light-scattering  technique.  These  layer 
attributes  will  be  correlated  with  growth  parameters  using  response  surface 
methodology.  The  growth  experiments  were  carried  out  following  a  Central 
Composite  design.  Growth  rate  and  composition  uniformity  will  be  compared 
against  a  computer  model  that  combines  convective-diffusive  transport  of 
reactants  (including  buoyancy  effects)  with  the  assumption  of  thermodynamic 
equilibrium  at  the  growth  interface. 


E2.7 

THICKNESS  MEASUREMENT  OF  THIN  FILMS  BY  X-RAY  A8S0RPTI0N. 

J.  Chaudhuri  and  S.  Shah,  Mech.  Engr.  Dept.,  The  Wichita 
State  University,  Wichita  KS  67208. 

An  X-ray  diffraction  method  is  described  for  determining 
thicknesses  of  thin  films  grown  on  single  crystal  sub¬ 
strates.  The  equations,  based  on  the  kinematical  theory  of 
X-ray  diffraction  and  a  mosaic  crystal  model,  were  develop¬ 
ed.  The  thickness  of  the  thin  film  was  computed  from  the 
absorption  of  the  integrated  diffracted  X-ray  intensity 
from  the  single  crystal  substrate  dua  to  double  traverse 
through  the  film.  Since  the  diffracted  intensity  from  the 
film  is  not  required,  the  film  does  not  have  to  be  single 
crystal  in  nature.  Thus,  thicknesses  of  less  ordered,  poly- 
crystalline  or  even  amorphous  films  can  be  measured  with 
high  precision  by  this  technique. 

E2.8 

TILT  GROWTH  OF  CdTe  EPILAYERS  ON  SAPPHIRE 
SUBSTRATES  BY  MOCVD.  Kenii  Maruvama.  Hiroji  Ebe, 
Yoshito  Nishijima,  and  Koji  Shinohara,  Fujitsu 
Laboratories  Ltd.,  Atsugi,  Japan. 

We  have  evaluated  the  characteristics  of  CdTe  epitaxial 
layers  grown  on  sapphire  substrates  by  MOCVD.  Tilt 
growth  of  the  CdTe  epilayers  with  respect  to  vicinal 
surface  sapphire  substrates  were  observed.  We  used 
sapphire  substrates  with  offset  angles  of  1-3°.  We 
measured  the  angular  differences  between  epilayers  and 
substrates  with  double  crystal  X-ray  diffraction.  The 
direction  of  tilt  of  CdTe  epilayers  correspond  to  the 
offset  directions  in  sapphire  substrates.  A  representative 
tilt  angle  in  a  CdTe  epilayer  shows  2.78°,  which  is  larger 
than  the  offset  angle  of  1.75°  in  the  sapphire  substrate. 
In  addition,  the  tilt  of  the  epilayers  is  proportional  to  the 
offset  of  the  substrates  and  is  inversely  proportional  to 
the  thickness  of  epilayers.  A  5  jim-thick  epilayer  has  no 
tilt. 

Cross-sectional  Transmission  Electron  Microscopy 
observation  showed  lamella-twinned  regions  in  CdTe 
epilayers  near  the  CdTe/sapphire  interface.  The  FWHMs 
in  (331)  diffraction  are  lower  than  those  in  (333) 
diffraction  in  1  pm-thick  epilayers.  Thus,  the  interface 
regions  are  distorted  in  the  thin  epilayers.  The  3.8% 
lattice  mismatch  in  CdTe/sapphire  heteroepitaxy  is 
accommodated  by  the  tilt  of  the  epilayers. 

E3.1 

NOVEL  APPROACHES  TO  DOPING  OF  II-VI  COMPOUNDS 
GROWN  BY  MBE.  Mari*  C.  Ttmargo,  BELLCORE,  331  Newman 
Springi  Road,  Red  Bank,  New  Jersey. 

Doping  of  II-VI  compounds  has  been  an  obstacle  for  the  realization 
of  semiconductor  devices  made  from  these  materials.  The  occurrance 
of  self  compensation  usually  limits  the  levels  of  doping  that  can  be 
achieved  and  restricts  the  doping  to  only  one  type.  ZnSc,  for 
example,  can  be  made  n-type  but  it  hat  been  virtually  impossible  to 
be  doped  p-type.  Thus,  recently,  novel  methods  to  tffect  the  dopant 
incorporation  have  been  developed  which  have  led  to  specific 
successes  in  some  material  systems  as  well  as  to  new  insight  into  the 
general  problem.  Two  of  these  methods,  which  Involve  molecular 
beam  epitaxy  (MBE),  are  the  light  satiated  doping  method  developed 
by  Bickneil,  et  al,  and  the  planar  doping  method  developed  by 
deMiguei,  et  al.  In  the  first,  by  Irradiating  the  sample  with  light 
during  MBE  growth,  the  incorporation  process  (or  both  the  n-type 
and  the  p-type  dopants  in  CdTe  waa  modified  to  obtain  higher  carrier 
concentrations  and  reduced  deep  level  emission  in 
photoluminescence.  Well  behaved  p-n  Junctions  in  CdTe  have  been 
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nude  by  thii  method.  In  the  lecond,  by  incorporating  the  Ga  dopant 
in  spatially  separated  sheets  deposited  on  a  particular  ZnSe  surface 
termination,  higher  doping  levels  and  reduced  deep  level  emission 
were  also  obtained  for  n-type  ZnSe.  These  two  recent  breakthroughs 
are  now  in  the  early  auges  of  understanding.  Models  are  being 
developed  which  point  to  exciting  new  directions  in  which  to 
approach  the  issue  of  doping  and  self  compensation  in  II-VI 
compounds.  We  will  review  these  results  and  extract  some  ideas 
about  the  general  processes  involved.  We  will  use  these  concepts  to 
discuss  recent  results  we  have  obtained  in  the  doping  of  ZnSe  with 
As  to  produce  acceptors  in  ZnSe. 

E3.2 

MOCVD  GROWTH  AND  DOPING  OF  ZnSe  AND  RELATED  II- 
VI  MATERIALS.  H.  Kukimoto,  Imaging  Science  and  Engineering 
Laboratory,  Tokyo  Institute  of  Technology,  4259  Nagatsuda,  Midori-ku, 
Yokohama  227,  Japan 

Recent  progress  in  metalorganic  chemical  vapor  deposition  (MOCVD)  of 
wide  bandgap  II-VI  materials,  especially  of  ZnSe,  ZnS  and  their  alloys,  is 
reviewed  with  emphasis  on  the  general  principles  for  obtaining  uniform 
and  high  quality  epitaxial  layers  and  the  current  major  issue  of  conducd  vicy 
control. 

The  surface  morphology  and  crystalline  quality  can  be  improved  by  a 
suitable  choice  of  source  materials  and  by  lattice-matching  the  epitaxial 
layer  to  the  substrate.  Photo-assisted  growth  is  effective  for  a  remarkable 
reduction  of  the  growth  temperature. 

By  using  appropriate  sources,  high  conductivity  n-type  epitaxial  layers  of 
ZnSe  and  ZnS  doped  with  impurities  from  group  m  and  VII  of  the 
periodic  table  have  been  successfully  grown  by  low  temperature  MOCVD. 

We  have  also  grown  p-type  ZnSe  layers  with  carrier  concentration 
ranging  from  low  10'°  to  high  1017  cm'3  using  LiN3  as  the  dopant. 
Extensive  studies  are  now  focussed  on  the  better  p-type  control.  High 
purity  source  materials,  appropriate  p-type  dopants  and  low  temperature 
growth  are  important  keys. 

E3.3 

GROWTH  AND  DOPING  OF  ZINC  SELENIDE  BY  MOLECULAR  BEAM 
EPITAXY.  J.M.  DePuvdt.  H.  Cheng,  M.A.  Haase,  and  J.E. 
Potts,  3M  Company,  St.  Paul,  MN. 

Zinc  selenide  (ZnSe)  has  long  been  recognized  as  a 
potentially  useful  compound  for  the  fabrication  of 
short  wavelength  (460  nm) ,  solid-state,  light-emitting 
devices.  Even  though  it  has  been  identified  as  a 
technologically  important  material  and  a  great  deal  of 
research  has  been  devoted  to  it,  development  of 
practical  devices  from  ZnSe  has  not  ensued.  The  major 
obstacles  which  hindered  progress  with  InSe  were 
difficulties  in  producing  large,  high  quality  crystals 
and  in  controlling  the  doping  of  this  wide  bandgap 
semiconductor. 

Recently,  with  the  advent  of  thermal  nonequilibrium 
growth  techniques  like  molecular  beam  epitaxy  (MBE) 
and  metalorganic  chemical  vr por  deposition  (MOCVD), 
great  progress  has  been  made  in  overcoming  some  of  the 
problems  traditionally  encountered  in  the  growth  and 
doping  of  ZnSe.  Breakthroughs  have  been  mads  in 
several  areas  including  the  deposition  of  high  quality 
undoped  films,  with  intentional  n-type  doping  and, 
most  significantly,  with  p-type  doping.  In  our 
presentation  we  will  review  some  of  the  recent 
progress  made  by  various  workers  in  the  MBE  growth  and 
doping  of  ZnSe  epitaxial  films. 

In  addition  to  describing  contributions  made 
elsewhere,  we  will  discuss  some  recent  results 
obtained  in  our  labs  on  the  MBE  growth  of  ZnSe.  We 
will  describe  our  production  of  low  resistivity  p-ZnSe 
films  by  Li  doping  and  will  discuss  the  Junction 
characteristics  and  electroluminescence  obtained  from 
ZnSe  pn  junctions.  Finally,  we  will  describe  some 
problems  which  we  feel  are  limiting  the  performance  of 
our  ZnSe  light  emitting  diodes  and  the  approaches 
which  may  be  used  to  overcome  these  problems. 


E3.4 

DEPOSITION  OF  ZINC  SELENIDE  BY  ATOMIC  LAYER 
EPITAXY  FOR  MULTILAYER  X-RAY  OPTICS .  J .  Kevin 
Shurtleff .  David  Allred,  Raymond  Perkins,  and 
James  Thorne,  Brigham  Young  University 
Departments  of  Chemistry  and  Physics,  Provo,  UT 
84602. 

Atomic  layer  epitaxy  is  a  chemical  vapor 
deposition  technique  which  deposits  a  single 
layer  of  atoms  during  each  process  cycle.  The 
thickness  of  a  film  deposited  by  atomic  layer 
epitaxy  depends  on  the  number  of  process  cycles 
and  is  Independent  of  other  process  parameters. 

The  precise  thickness  control  possible  with 
atomic  layer  epitaxy  makes  it  an  excellent 
technique  for  producing  multilayer  x-ray  optics. 

The  theory  of  atomic  layer  epitaxy  suggests  that 
a  single  layer  of  atoms  is  strongly  bound  to  the 
substrate  by  chemisorption  during  each  process 
cycle.  Atoms  which  are  weakly  bound  by 

physisorption  are  removed  during  the  purge  step 
between  cycles.  A  better  understanding  of  atomic 
layer  epitaxy  requires  examination  of  the 
chemisorption  and  physisorption  of  atoms. 

We  have  designed  and  built  an  atomic  layer 
epitaxy  system  which  will  allow  us  to  observe 
the  chemisorption  and  physisorption  of  atoms 
during  deposition.  With  this  system  we  have 
deposited  ZnSe  layer  pairs  from  diethyl  zinc  and 
hydrogen  selenide . 

E3.5 

Optimized  MIS  characteristics  of  at-grown  epitaxial 
ZnSe/epitaxial  GaAs  heterostructnres  J.  Qiu.  Q.-D.  Qian. 
M.  Kobayashi,  R.  L.  Gunshor,  D.  R.  Menke,  D.  Li.  and  N.  Otsuka. 
Purdue  University.  West  Lafayette.  Indiana.  47907  USA 

Pseudomorphic  ZnSe  layers  have  been  grown  on  GaAs  epilayers 
and  nearly  ideal  C-V  profiles  have  been  observed  from  the 
epilayer/epilayer  MIS  structure.  In  our  previous  work,  a  post- 
growth  annealing  procedure  was  required  to  achieve  the  desired 
C-V  characteristics.  In  this  report,  the  nearly  ideal  C-V 
characteristics  were  obtained  from  as-grown  samples  without  the 
necessity  of  a  post-growth  annealing.  In  a  series  of  experiments, 
the  surface  stoichiometry  of  the  GaAs  epilayers  was 
systematically  modified  prior  to  the  nucleation  of  ZnSe.  The 
various  GaAs  surfaces  were  characterized  by  RHEED 
reconstruction  patterns.  TEM  was  used  to  observe  differences  in 
the  microstructure  of  the  interfaces  corresponding  to  the  various 
nucleation  conditions.  Starting  with  a  (2x4)  surface,  the 
electrical  ct  aracteristics  improved  as  the  GaAs  surface  became 
increasingly  Ga  rich.  Such  as-grown  MIS  structures  exhibited 
an  integrated  interface  state  density  of  less  than  dxlOi’cm'2 
which  is  comparable  to  the  interface  state  densities  reported  for 
the  (AI,Ga)As/GaAs  interface.  No  hysteresis  and  very  little 
frequency  dispersion  was  observed  in  the  C-V  curves. 

The  research  was  supported  by  DARPA/ONR  URI  contract  N00014- 
86-K0760,  and  AFSOR  grant  AFOSR-85-0185. 
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PSEUDOMORPHIC  ZnTe/AlSb/GaSb:  GROWTH  AND 
CHARACTERIZATION  D.  L.  Mathine,  J.  Han, 

M.  Kobayashi,  R.  L.  Gunshor,  D.  R.  Menke,  and  M-  Vasiri 
(Elect.  Eng.,  Purdue  Univ.),  J.  Gonsalves,  and  N.  Otsuka, 
(Materials  Eng.,  Purdue  Univ.,  West  Lafayette,  IN  47907), 


Q.  Fu,  M.  Hagerott,  and  A.  V.  Nurmikko  (Division  of  Eng., 
Brown  Univ.,  Providence,  RI  02912). 

A  wide  band-gap  light  emitter  has  many  potential  opto¬ 
electronic  device  applications.  Computer  simulations  indicate 
that  the  p-ZnTe/n-AlSb  interface  appears  favorable  for  the 
injection  of  electrons  into  ZnTe.  As  a  means  of  achieving  this 
objective,  ZnTe  epitaxial  layers  have  been  grown  on  GaSb  sub¬ 
strates,  GaSb  epitaxial  layers,  and  on  pseudomorphic 
AlSb/GaSb  epitaxial  heterostructures.  ZnTe  nucleated  on  GaSb 
substrates  shows  a  three-dimensional  behavior  while  ZnTe 
nucleated  on  epitaxial  layers  of  either  GaSb  or  AlSb  has  a  two- 
dimensional  characteristic.  The  two-dimensional  nucleation  is 
confirmed  by  RHEED  intensity  oscillations.  The  microstructural 
quality  of  these  epitaxial  layers  has  been  examined  using  TEM 
and  x-ray  rocking  curves.  Free  exciton  related  features  have 
been  observed  in  the  photoluminescence  of  both  thick  (strain 
relaxed)  and  pseudomorphic  ZnTe  epilayers.  Doping  and  tran¬ 
sport  experiments  involving  ZnTe,  AiSb,  and  GaSb  grown  on 
SI-GaAs  substrates  will  be  discussed.  Hall  data  shows  p-type 
carrier  concentrations  as  low  as  6.5xl014  cm-3  for  undoped 
ZnTe  epitaxial  layers. 

This  research  was  supported  by  DARPA/ONR  URI  contract 
N00014-86-K0780,  AFOSR-85-0185  grant,  (NSF)-MRG  grant 
DMR-8520866,  and  NSF  equipment  grant  ECS-860624I. 
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TRANSMISSION  ELECTRON  MICROSCOPY  OF  n-VI/ffi-V 
SEMICONDUCTOR  INTERFACES.  D.  Li.  N.  Otsuka,  M. 
Kobayashi,  R.  L.  Gunshor,  L.  A.  Kolodziejski,  Purdue  University, 
W.  Lafayette,  IN  47907. 

At  present,  great  efTorts  are  directed  to  the  development  of  new 
electronic  and  optical  devices  utilizing  II-VI/III-V  semiconductor 
heterojunctions.  The  most  important  step  for  achieving  this  goal  is 
the  preparation  of  high  quality  interfaces  having  low  interface  state 
densities.  In  the  present  study,  atomic  structures  of  ZnSe/GaAs 
and  CdTe/InSb  interfaces  have  been  analyzed  in  order  to 
investigate  the  structural  mechanism  of  accommodation  of  valence 
mismatch  at  these  interfaces.  Samples  of  pseudomorphic  II-VI 
epilayers  grown  on  III-V  epilayers  by  MBE  were  observed  by 
cross-sectional  TEM.  HREM  images  show  coherent  lattice 
structures  of  the  interfaces,  but  dark  bands  with  thicknesses  of  a 
few  monolayers  appear  along  the  interfaces  in  these  images. 
Interfaces  appear  as  bright  lines  in  dark  field  images  of  200  type 
reflections,  while  dark  field  images  of  400  type  reflections  show 
dark  contrasts  at  the  interfaces.  These  observations  are  explained 
by  the  existence  of  very  thin  interfacial  layers  of  IIIjVIj 
compounds  (GajSej,  InjTej)  whose  cation  sublattices  have 
structural  vacancies  resulting  from  the  valence  mismatch  of 
constituent  elements.  Based  on  the  result,  effects  of  growth  and 
annealing  conditions  of  the  interface  atomic  structures  are 
discussed. 

E4.1  ABSTRACT  NOT  AVAILABLE 
E4.2 

SURFACE  MORPHOLOGY  AND  PHOTOLUMINESCENCE  SPECTRA  OF  ZnSe 
AFTER  EXCIMER  USER  ANNEALING.  G-J.  Y1 .  G.  F.  Neumark, 
Z.  Lu,  P.R.  Newbury,  and  C.F.  Yu,  Columbia  University, 
New  York,  NY;  8.J.  Fitzpatrick,  M.  Shone,  A.  Slclgnano, 
Philips  Laboratories,  Brlarcllff  Manor,  NY. 

It  Is  generally  known  that  good  bipolar  conductivity  has 
not  been  obtained  In  any  wide-band-gap  semiconductor  due 
to  problems  such  as  self-compensation  and  solubility. 
Thus  non-equilibrium  Impurity  incorporation  is  required. 
It  Is  well  known  that  lasers,  and  particularly  excimer 
lasers,  provide  a  convenient  approach  toward  achieving 
this.  We  have  therefore  tested  such  lasers  on  ZnSe.  One 
concern  regarding  compound  semiconductors  Is  dispropor¬ 
tionation,  particularly  for  materials  such  as  ZnSe  which, 


at  atmospheric  pressure,  sublime  prior  to  melting.  From 
the  observation  of  the  surface  morphology,  specifically 
the  twinning  structure,  we  have  determine  that  melting 
and  re-erystallizatlon  can  be  obtained.  Specifically,  we 
can  obtain  this  at  atmospheric  pressure,  without  use  of 
an  ecapeulating  layer.  Another  Important  question  Is 
whether  laser  annealing  can  lead  to  the  desired  non- 
equilibrium  Impurity  Incorporation.  To  check  this,  we 
have  Investigated  Na  doped  ZnSe,  since  It  has  been  pre¬ 
dicted  that  for  amphoteric  Impurities,  such  as  Na,  high 
temperatures  would  favor  the  substitutional  (acceptor) 
location  vs.  the  interstitial  (donor)  one.  The  evidence 
from  donor-acceptor  pair  (DAP)  spectra  shows  that  there 
does  not  appear  to  be  appreciable  site  transfer  of  this 
type  at  the  lower  laser  power  levels,  even  where  re¬ 
growth  is  obtained.  However,  the  higher  power  levels  do 
give  Indications  of  such  transfer. 

t.  G.F.  Neumark,  J.  Appl.  Phys.  51.,  3383  (1980). 
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PLASMA-ASSISTED  EPITAXIAL  GROWTH  OF  ZnSe  FILMS 
IN  HYDROGEN  PLASMA 

Satoshi  Yamauchi,  and  Takashi  Hariu,  Department 
o?  Electronic  Engineering,  Tohoku  University, 
Sendai  980,  Japan 

The  advantages  of  plasma-assisted  epitaxy  (PAE) 
are  low  temperature  epitaxial  growth  and  effi¬ 
cient  doping  among  others.  The  epitaxial  growth 
of  ZnSe  on  GaAs  substrates  was  realized  above 
200°C  in  hydrogen  plasma.  Although  the  grown 
layers  are  characterized  with  strong  exciton 
emissions  in  photoluminescence  at  4.2K,  it  was 
found  the  quality  of  ZnSe  films  is  sensitive  to 
plasma  conditions,  particularly  to  hydrogen  gas 
flow  rate.  The  dominant  exciton  emission 
changes  from  donor-bound  exciton  emission  (lx, 
1 2 )  to  free  exciton  emission  (E£)  as  hydrogen 
gas  flow  rate  is  increased.  Hydrogen  plasmas 
mixed  with  about  2%  HC1  and  N2  respectively 
resulted  in  highly  conductive  (610H-1cm-1)  n- 
type  layers  and  nitrogen-acceptor  (acceptor 
level'vlOOmeV)  doped  layers.  The  electrical  con¬ 
ductivity  of  n-type  films  can  be  well  controlled 
by  the  content  of  HC1  in  H2.  Nitrogen-acceptor 
doping  can  be  achieved  only  in  the  H2+N2  mixed 
plasma,  but  not  in  non-excited  H2+N2  mixed  gas 
flow.  The  photoluminescent  properties  of 

nitrogen-acceptor  doped  films  depends  not  only 
upon  the  content  of  N2  in  H2  but  also  upon  the 
Se/Zn  supply  ratio  and  rf  power  applied  to  ex¬ 
cite  the  plasma.  Optical  emission  spectroscopy 
employed  for  plasma  diagnosis  detected  SeN  which 
is  produced  by  the  reaction  between  Nj  and  Se 
or  SeH,  and  which  can  be  responsible  for  effec¬ 
tive  nitrogen  doping. 

E4.4 

EFFECT  OF  Se  PRECURSORS  AND  PROCESSING  CONDITIONS 
ON  OPTOELECTRONIC  PROPERTIES  OF  ZnSe  GROWN  BY 
MOVPE.  Konstantinos  P.  Giapis,  AT&T  Bell  Laboratories.  600 
Mountain  Ave.,  Murray  Hill,  NJ  07974,  and  Klavs  F.  Jensen. 
Department  of  Chemical  Engineering,  Massachusetts  Institute  of 
Technology,  Cambridge,  MA  02139. 


The  growth  of  ZnSe  on  (100)  GaAs  substrates  by  low  pressure 
organometallic  vapor  phase  epitaxy  (MOVPE)  was  investigated  in  a 
vertical  downflow  reactor.  Dimethylzinc  (DMZn)  was  used  as  the  Zn 
source  while  four  selenium  sources  were  employed:  diethylselenide 
(DESe),  methylallyl  selenide  (MASe),  diallylselenide  (DASe),  and 
hydrogen  selenide  (H?Se).  H2Se  produced  material  with  excellent 
electrical  properties  and  photoluminescence  (PL)  characteristics. 
Diethylselenide  always  produced  highly  resistive  films  but  the  PL 
spectra  indicated  low  impurity  incorporation.  The  use  of 
methylallylselenide  resulted  in  heavily  carbon  contaminated  ZnSe  films. 


A  lower  growth  temperature  was  needed  with  OASe  and  improved  PL 
characteristics  were  obtained  in  comparison  to  results  from  MASe. 


of  insulating  ZnS  have  been  employed  as  an  inter-level  metal  dielectric 
for  advanced  multilevel  metallization  device  processing. 


Growth  with  H2Se  produced  material  with  very  weak  deep  level 
emission  in  both  the  300  K  and  the  9  K  photoluminescence  spectra. 
With  increasing  growth  temperature,  the  dominant  donor-bound 
excitonic  emission  (Ig)  was  seen  to  decrease  in  intensity  and  the  free 
exciton  became  the  dominant  emission.  Selectively-excited 
photoluminescence  revealed  chlorine  to  be  the  main  donor  impurity 
associated  with  the  Ix.  The  optoelectronic  properties  deteriorated  at 
higher  growth  temperatures  (>350°C).  This  coincided  with  a  dramatic 
increase  in  the  intensity  of  the  YQ  peak,  attributed  to  complex  dislocation 
tangles  and  other  structural  defects. 


Epitaxial  layers  of  HgCdTe  have  also  been  grown  onto  selective  areas  of 
(100)  CdTe  substrates  at  125°C.  The  125  pm  square  mesa  structures 
are  typical  dimensions  for  infrared  detector  elements,  which  can  now  be 
formed  without  chemical  etching.  In  addition,  10  pm  stripes  composed 
of  HgTe-CdTe  superiattices  have  also  been  selectively  grown  by  photo- 
assisted  MBE  using  the  new  selective- area  deposition  techniques 
developed  at  NCSU. 

*Work  supported  by  NSF  grant  DMR-88-13525  and  DARPA  contract 
DAAL03-86-K-0146. 


The  effect  of  nitrogen  impurities  in  ZnSe  were  investigated  by  NH3 
doping.  Besides  incorporating  nitrogen  into  the  films,  the  addition  of 
NH3  had  the  advantage  of  eliminating  hillock  formation.  The  nitrogen 
incorporation  produced  a  shallow  acceptor-bound  exciton  which 
dominated  the  near-band-edge  PL  emission  spectra. 
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SPATIAL  LIGHT  MODULATOR  USING  A  CdS  THIN  FILM 
PHOTOCAPACITOR.  Joseph  Reichman,  Corporate  Re¬ 
search  Center,  Grumman  Corporation,  Bethpage , N . Y . 
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GROWTH  OF  ZnSjSej.,  BY  MBE  USING  AN 
ELECTROCHEMICAL  SULPHUR  SOURCE.  J.  Wallace.  K.  Prior, 
B.  Cavenett,  J.  Hunter,  S.  Adams  and  M.  Haines,  Department  of 
Physics,  Heriot-Watt  University,  Edinburgh,  U.K. 

In  this  paper  *e  describe  the  use  of  an  electrochemical  sulphur  cell 
to  grow  ZnSxSei_x  alloys  on  GaAs  substrate*.  The  cell  uses  the 
Ionic  transport  of  Ag  ions  in  >{jS  to  produce  a  sulphur  flux  which 
depends  on  the  applied  voltage  and  the  advantages  and  disadvantages 
of  this  type  of  solid  state  source  will  be  discussed.  In  particular, 
results  will  be  given  showing  the  use  of  the  cell  to  produce  lattice 
matched  material  with  x  *  0.055  which  has  been  characterized  by 
photoluminescence,  Raman  and  X-ray  measurements.  We  also 
demonstrate  the  versatility  of  the  cell  for  fabricating 
ZnSxSei_rtZnSySei_y  multilayers  as  well  as  more  complex  profiles. 
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ALE/MBE  GROWTH  AND  CHARACTERIZATION  OF  ZN- 
CHALCOGENIDE  SUPERLATTICE  STRUCTURES  (INVITED). 

T.  Yao.  M.  Fujimoto,  H.  Izumiya,  H.  Tanino,  and  Y.  Okada, 
Electrotechnical  Laboratory,  Tsukuba,  Ibaraki  305,  Japan. 

This  paper  will  report  the  ALE/MBE  growth  of  Zn- 
chalcogenide  superlattice  structures  including  ZnSe/ZnTe 
and  ZnS/ZnSe  systems.  Structural  and  optical 
characterization  of  the  superiattices  using  RHEED  "in  situ" 
observation.  X-ray  diffraction,  Raman  scattering,  and 
photoluminescence  techniques  will  be  reported. 
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SELECTIVE-AREA  DEPOSITION  OF  METALS,  PASSIVANTS, 
INSULATORS,  AND  EPITAXIAL  FILMS  OF  II- VI  COMPOUND 
SEMICONDUCTORS* 

D.L.  Dreifus.  Department  of  Electrical  and  Computer  Engineering;  Y. 
Lansari,  J.W.  Han,  J.W.  Cook,  Jr.  and  J.F.  Schetzina,  Department  of 
Physics,  North  Carolina  State  University,  Raleigh,  NC  27695-8202 

□-VI  semiconductor  surface  passivams,  insulators  and  epitaxial  layers 
have  been  deposited  onto  selective  substrate  areas  by  employing  new 
masking  and  lift-off  techniques.  The  H-VI  layers  were  grown  by  either 
conventional  or  photoassisted  molecular  beam  epitaxy  (MBE).  Low 
resistance,  unannealed  ohmic  contacts  to  wide-bandgap  p-type  CdTe 
have  also  been  realized  through  the  use  of  selectively-placed  thin  films 
of  the  semi-metal  HgTe  followed  by  thermal  evaporation  of  indium. 
CdTe.  considered  a  prime  candidate  for  the  surface  passivation  of 
HgCdTe  due  to  its  close  lattice-match,  has  been  selectively-deposited  as 
5  pm  thick  rings  with  outer  diameters  in  the  range  between  20  pm  and 
100  pm  in  outer  diameter  on  ( 100)  oriented  CdTe  substrates. 

Room  temperature  layen  of  insulating  ZnS,  deposited  onto  the  active 
gate  region  between  the  source  and  drain,  have  been  used  to  success- 
hilly  fabricate  MIS  field-effect  transistors  from  HgCdTe.  Thicker  layen 


We  have  developed  an  optically  addressed  Spatial 
Light  Modulator  (SLM)  that  uses  a  thin  film  of 
CdS  as  the  photosensor  and  a  liquid  crystal  as 
the  electro-optic  material.  The  device  spatially 
and  temporally  modulates  a  read  light  beam  in  ac¬ 
cordance  with  a  write  light  beam.  Switching  of  an 
applied  AC  voltage  to  the  liquid  crystal  layer 
takes  place  when  the  CdS  is  illuminated  with 
photons  of  energies  greater  than  its  bandgap. 
The  required  high  dark  impedance  is  achieved  by 
the  creation  of  a  depletion  region  in  the  CdS 
thin  film  by  surface  acceptor  states.  This  is  in 
contrast  to  previously  reported  work  on  optically 
addressed  SLM's  where  the  high  impedance  deple¬ 
tion  region  is  created  by  a  Schottky  barrier  or 
p-n  junction  structure. The  complex  impedance  as  a 
function  of  frequency  and  illumination  was 
determined.  Analysis  of  tne  results  indicate 
that  the  reduction  in  impedance  with  illumination 
is  due  to  shrinkage  of  the  depletion  width  with 
the  resultant  change  in  capacitance.  This  is  at¬ 
tributed  to  capture  of  photogenerated  holes  by 
deep  acceptor  states  and  forward  biasing  due  to 
the  generated  photovoltage. 

The  SLM  displays  photoelectrochemical  cell  char¬ 
acteristics.  A  photovoltage,  dark  rectification, 
and  a  photocurrent  proportional  to  the  illumina¬ 
tion  intensity  was  obtained.  Photoluminescence 
and  transient  photocurrent  measurements  were 
found  consistent  with  an  acceptor  surface  state 
model  for  the  CdS  thin  film. 
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PHOTOLUMINESCENCE  PROPERTIES  OF  GRADED  COMPOSITION 
MgxZni_xSe  CRYSTALS.  H.  j.  Lozykowskl,  Ohio  University; 

X.  D.  Tlang,  University  of  Hellongjlan,  Harbin,  PRC;  J.  L. 
Merz,  University  of  Calflornla,  S.  Barbara. 


The  photoluminescence  properties  of  MgxZnj.xSe  solid  solu¬ 
tion  grown  on  ZnSe  substrate  by  a  closed  solid-state  dif¬ 
fusion  technique  have  been  Investigated.  The  depth 
profiles  of  the  diffusion  region  (were  determined  with  an 
electron  probe  mlcroanal izer)  shows  well  distinguish  sur¬ 
face  layer  and  th'ck  graded  layer.  The  PL.  spectra  of 
MgxZni.xSe  side  of  the  sample  excited  with  a  wide  range  of 
excitation  energy  shift  the  edge  emission  band  toward 
longer  wavelengths  with  decreasing  excitation  energy.  The 
experimental  observation  are  discussed  on  the  basis  of  the 
funnel  shape  band-gap  of  the  graded  MgxZni_x$e  crystal. 

The  edge  emission  spectrum  was  found  to  shift  toward  the 
shorter  wavelength  with  electric  field  applied  parallel  to 
the  compositional  gradient  of  MgxZni_xSe-ZnSe  heterostruc¬ 
ture.  It  Is  concluded  that  hole  transport  In  the  grade- 
band-gap  regions  cause  by  the  effective  electric  field  is 
responsible  for  the  spectra)  shifts. 
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ATOMIC  LAYER  EPITAXY  OF  WIDE  BANDGAP  II-VI  COMPOUND 
SEMICONDUCTOR  SUPERLATTICES.  M.Konagai.  Y.Takemura, 
R.Klnura,  N.Teraguohi  and  K.Takahaahi;  Tokyo  Institute 
of  Technology,  Meguro-ku,  Tokyo,  JAPAN 

ZnSe,  ZnTe  thin  films  and  ZnSe-ZnTe  strained  layer 
superlattices (SLS)  have  been  successfully  grown  by 
atomic  layer  epitaxy(ALE)  using  molecular  beam  epitaxy. 

The  ideal  ALE  growth, i.e.,  one  monolayer  per  cycle  by 
opening  and  closing  the  shutters  of  the  constituent 
elements,  was  obtained  for  ZnSe  and  ZnTe  over  a  range 
of  substrate  temperatures  250-350“C  and  240-280“  C, 
respectively.  The  surface  morphology  of  ALE-ZnSe  grown 
under  optimized  conditions  was  very  specular  without 
any  structures.  However,  for  ZnTe,  it  was  found  that 
precise  control  of  the  Te  beam  intensity  is  essential 
to  eliminate  hillocks.  ( ZnSe )m-( ZnTe )n  (m,n=1-4)  SLSs 
were  grown  by  ALE.  The  PL  intensity  of  the  SLS  grown  by 
ALE  is  more  than  ten  times  greater  than  that  of  the  SLS 
grown  by  the  conventional  MBE  method.  In  this  paper, 
optical  properties  of  these  SLSs  will  be  reported  in 
detail. 

ZnS  and  ZnSe  were  also  prepared  by  ALE  using 
metalorganic  molecular  beam  epitaxy (MOMBE) .  Diethyl- 
zinc(DEZn),  diethylsulfer(DES)  and  diethylselenium 
(DESe)  were  used  as  source  gases  for  Zn,  S  and  Se.  The 
pyrolysis  of  DEZn,  DES  and  DESe  was  carried  out.  The 
ALE  growth  of  ZnSe  was  achived  at  substrate 
temperatures  between  250-300“C  which  are  about  150“  C 
lower  than  those  in  conventional  MOMBE.  Under  optimum 
growth  conditions,  the  surface  of  ZnSe  were  very 
specular  without  any  structure.  The  preparation  of  ZnS- 
ZnSe  SLSs  by  MOMBE-ALE  will  be  al3o  reported. 

E5.2 

GROWTH  OF  LATT ICE-MATCHfX)  ZnSe-ZnS  STRAINED-LAYER  SUPER¬ 
LATTICES  ONTO  Gate  AS  AN  ALTERNATIVE  TO  ZnSSe  ALLOYS: 
H.Oniyama,  S.Yamaga  and  A.Yoshikawa 
Faculty  of  Eng.,  Chiba  university 


This  paper  describes  the  results  on  the  first  attenpt 
to  fabricate  misf it-dislocation-free  epi-layers  of  a 
wide  bandgap  II-VI  semiconductor  on  GaAs  by  utilizing  the 
ZnSe-ZnS  strained-layer  superlattice  (SLS)  structure. 

ZnSe  layers  are  usually  grown  on  GaAs  substrates,  since 
"substrate-grade"  ZnSe  bulk  crystals  can  not  be  obtained. 
Lattice-mismatch  between  ZnSe  and  GaAs  causes  misfit- 
dislocations  which  deteriorate  the  quality  and  electrical 
properties  of  the  ZnSe  layers.  In  order  to  control  the 
properties,  especially  to  obtain  low-resistive  p-type 
layers,  a  precise  lattice-matching  between  the  epi-layers 
and  GaAs  is  required.  We  propose  here  a  new  idea  that  ZnSe- 
ZnS  SLSs  can  be  an  alternative  to  the  lattice-matched  ZnSSe 
alloys. 

SLSs  consisting  of  200A-ZnSe  and  10A-ZnS  layer  in  one 
period,  which  were  theoretically  estimated  to  be  lattice- 
matched  to  GaAs,  were  grown  on  GaAs  by  metalorganic 
molecular  beam  epitaxy.  In  the  SLSs,  the  ZnSe  well-layers 
are  much  thicker  than  the  ZnS  barrier-layers,  resulting  in 
little  carrier  confinement  effects.  Hence,  from  the 
viewpoint  of  bandgap  energy,  the  SLSs  are  rather  regarded  as 
"ZnSe  epi-layers"  grown  coherently  on  GaAs.  It  has  been 
found  from  the  photoluminescence  spectra  and  electron  beam 
induced  current  image  observation  that  the  SLSs  can  be  grown 
on  GaAs  without  the  generation  of  misfit-dislocations.  This 
shows  that  the  ZnSe-ZnS  SLSs  can  be  a  promising  alternative 
to  the  lattice-matched  ZnSSe  ternary  alloys  on  Gate. 


E5.3 

STRUCTURAL  AND  ELECTRICAL  CHARACTERIZATION  OF 
CdSe  THIN  FILMS.  Milfiadis  K.  Hatalis,  Fuvu  Lin.  Lehigh 
University,  Bethlehem,  PA;  and  Michael  R.  Westcott,  Litton 
Systems  Canada,  Rexdale,  Ontario,  Canada. 

We  have  studied  the  structural  and  electrical  characteristics  of  25 
nm  thick  undoped  and  indium-doped  CdSe  films  deposited  on 
glass  substrates.  Transmission  Electron  Microscopy  has  revealed 
that  the  as-deposited  films  are  microcrystalline  with  a  grain  size 
-10  nm.  Distinctively  different  grain  growth  has  been  observed 
in  the  doped  and  undoped  films  after  thermal  annealing.  Grain 
growth  in  the  undoped  CdSe  was  found  to  stop  when  the 
average  grain  size  became  equal  to  the  film  thickness. 

Enhanced  grain  growth  has  been  observed  in  the  indium  doped 
CdSe.  In  contrast  to  undoped  films,  grain  growth  in  doped  CdSe 
is  not  limited  by  the  film  thickness  but  depends  primarily  upon 
annealing  time  and  temperature.  An  average  grain  size  larger 
than  the  film  thickness  has  been  achieved.  Furthermore,  an 
abnormal  grain  growth  resulting  in  grains  with  sizes  much 
larger  (>20X)  than  the  film  thickness  has  been  observed.  The 
density  of  these  grains,  their  crystal  structure  and  TEM 
observations  of  in-situ  annealed  films  will  be  discussed.  The 
possibility  of  obtaining  large  area  single  crystal  CdSe  will  also  be 
discussed. 

The  channel  resistance  of  the  indium  doped  CdSe  for  various 
electrode  sparings  was  characterized.  After  annealing  the 
resistance  decreased  for  short  (<25  pm)  electrode  separation 
whereas  it  increased  for  larger  ones.  Possible  explanations  of  our 
results  will  be  presented. 

E5.4 

U.S.  POLYCRYSTALLINE  THIN  FILM  SOLAR  CELL 
PROGRAM.  Harm  S.  Ullal.  Kenneth  Zweibel  and  Richard  L. 
Mitchell.  Solar  Energy  Research  Institute,  1617  Cole  Boulevard, 
Golden,  CO  80401 

Substantial  technical  progress  has  been  made  in  polycrystalline  thin 
film  solar  cells  in  the  past  year.  Two  materials  that  have  been 
investigated  extensively  for  solar  cell  applications  are  copper  indium 
diselenide  (CIS)  and  cadmium  telluride  (CdTe). 

In  the  area  of  CIS,  dramatic  improvements  have  occurred  in  both 
high  efficiency  and  long-term  reliability.  For  laboratory  devices, 
14.1%  efficiency  has  been  reported  for  CIS  solar  cells.  For  solar 
power  modules,  a  world  record  aperture  area  efficiency  of  8.5%  and 
a  module  output  of  33.8  watts  has  been  verified  at  SERI  for 
modules  of  1  ft  x  4  ft.  Outdoor  reliability  testing  of  CIS  modules 
exposed  to  natural  sunlight  for  several  months  have  also 
demonstrated  no  degradation. 

Rapid  advances  have  also  been  made  by  II-VI  based  solar  cells  and 
related  alloys.  In  the  case  of  CdTe  solar  power  modules,  aperture 
area  efficiency  of  7.3%  have  been  achieved  for  about  1  ft  x  1  ft 
module;  and  for  small  devices  total  area  efficiency  of  12.3%  has 
been  verified  by  SERI. 


Work  supported  by  the  U.S.  Department  of  Energy  under  contract 
#  DE-AC02-83CH10093. 
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E5.5 


CdxZn1_xS-ZnS  SLS  in  the  range  0.1<x<0.5  for  the  first 
time.  Especially  at  x=0.3,  high-quality  SLS  was  obtained. 


A  STRUCTURAL  STUDY  OF  EPITAXIAL  LAYERS  OF  CdSe  AND 
CdS  GROWN  ON  GaAs.  A.G,  Cullis.  P.J.  Parbrook,  P.W.  Smith, 
B.  Cockayne,  P.J.  Wright  and  G.M.  Williams,  Royal  Signals  and 
Radar  Establishment,  St  Andrews  Road,  Malvern,  Worcs  WR14  3 PS, 
UK 

Both  CdSe  and  CdS  are  wide  band-gap  semiconductors  and  epitaxial 
layers  of  these  compounds  have  potential  applications  for  the 
fabrication  of  photovoltaic  devices.  The  preparation  of  superlattices 
would  also  give  the  possibility  of  production  of  light-emitting  devices 
and  optical  switches.  Accordingly,  growth  of  layers  of  these 
materials  has  been  undertaken  by  MOCVD  using  substrates  of  single 
crystal  GaAs.  In  the  present  paper  we  report  transmission  electron 
microscopy  studies  of  the  layers  produced  in  this  way.  Careful 
investigations  have  been  carried  out  of  the  morphology  and  structure 
of  the  layers  at  various  stages  in  their  growth.  Initial  nucleation  is 
followed  by  the  development  of  characteristic  layer  microstructures, 
including  dislocations  at  the  heterointerfaces  which  relieve  lattice 
misfit  stresses  between  the  different  materials.  We  shall  give  a 
comprehensive  description  of  the  defect  structures  which  form.  The 
nature  of  superlattices  based  upon  alternating  layers  of  the  two  E-VI 
compounds  will  also  be  described. 

E5.6 

EXCITONIC  PROPERTIES  IN  ZnSe-ZnS  STRAINED-LAYER  SUPERLAT¬ 
TICES  AND  A  FIBONACCI  SEQUENCE.  Tsunemasa  TAGUCHI  and 

Yoichi  YAMADA,  Department  of  Electrical  Engineering, 

Faculty  of  Engineering,  Osaka  University,  Suita,  Osaka  565, 
JAPAN. 

Type  I  band  structure  ZnSe-ZnS  strained-layer  superlattice 
(SLS)  is  the  most  fundamental  example  for  understanding 
"excitons"  in  wide  band-gap  II-VI  SLSs  whose  binding  energy 
is  larger  than  70  meV.  A  fluctuation  of  the  heterointerface 
between  the  ZnSe  well  and  the  ZnS  barrier  layers  can  be 
completely  controlled  within  one  monolayer.  We  review  opti¬ 
cal  properties  of  2D  excitons  on  the  basis  of  our  recent 
results  [ 1 }  of  low  temperature  exciton  luminescence,  ab¬ 
sorption  and  excitation  spectra.  The  present  SLSs  were  fab¬ 
ricated  by  low-pressure  MOCVD  technique  using  all  gaseous 
sources  onto  (100)  GaAs  or  ZnS  substrates.  We  demonstrate  a 
r.ew  kind  of  heterostructure,  a  Fibonacci  superlattice, 
which  consists  of  alternating  layers  of  ZnSe  and  ZnS  for 
the  first  time  [2).  The  talk  is  concentrated  on  the  follow¬ 
ing  subjects: 

(1)  Determination  of  the  interface  and  the  critical 
thickness  by  ion-channelling  and  transmission  elec¬ 
tron  microscope 

(2)  Band  offset  and  strains  revealed  by  exciton  absorp¬ 
tion  as  a  function  of  ZnSe  well  thickness 

(3)  Excitomc  behaviour  under  high  excitation  and  Stark 
effect 

(4)  Temperature  dependence  of  excitons;  exciton  binding 
energy  and  linewidth 

(5)  Optical  properties  of  Fibonacci  superlattices 

11]  Y.Yamada  and  T.Taguchi,  Proc.  Int.  Conf .  on  I I -VI  Com¬ 
pounds,  1989,  Berlin. 

[2]  Y.Yamada  and  T.Taguchi,  Phys.  Rev.  to  be  published. 

E5.7 

OPTICAL  PROPERTIES  OF  CaZnS-ZnS  STRAIN ED -LAYER  SUPERLAT- 
TICES.  Yasuyuki  ENDOH  and  Tsunemasa  TAGUCHI,  Faculty  of 
Engineering,  Osaka  University,  Suita,  Osaka  565,  JAPAN. 

I  would  like  to  present  the  results  of  the  growth  and  op¬ 
tical  properties  of  CdxZn^_xS-ZnS  strained-layer  superlat¬ 
tices  (SLSs)  by  low-pressure  metalorganic  chemical  vapour 
deposition  (MOCVD).  Both  electrons  and  holes  are  confined 
in  the  CdZnS  well  layers,  namely,  a  type  I  structure,  and 
the  bandgap  of  CdxZn^.xS  at  R.T.  changes  from  about  3.6  eV 
'at  x*0)  to  about  2.4  eV  (at  x*l ) .  Consequently,  high-ef- 
ficiency  blue  and  ultraviolet  emissions  due  to  the  quantum 
confinement  effect  car,  be  expected  by  varying  the  mole- 
fraction  x.  Recently,  we  have  succeeded  in  the  growth  of 


In  the  PL  spectra  of  Cdg  3Zng  7S-ZnS  SLS  at  4.2  K,  sharp- 
emission  peak  above  the  bandgap  of  the  well  layer  appeared 
and  no  deep-level  was  observed  compared  to  that  of  Cdg  ^Zn 
0.7S  thin  film.  Dependence  of  the  well-layer  thickness  was 
also  observed  and  this  proves  that  the  type  I  SLS  structure 
is  certainly  realized.  This  fact  was  also  confirmed  by  the 
higher-order  satellite  peaks  of  the  X-ray  diffraction  spec¬ 
trum.  While,  from  the  temperature  dependence  of  the  PL 
peak  intensity,  a  large  activation  energy  which  is  about  70 
meV  for  the  thermal  quenching  of  exciton,  was  obtained. 

This  large  binding  energy  shows  the  possibility  of  the  ap¬ 
plication  to  the  exciton  devices,  such  as  quantum-laser  and 
fast  response  optical  switch.  The  effect  of  the  external 
electric  field  is  also  demonstrated  to  get  more  information 
of  the  SLS. 

E5.8 

PRECISE  MEASUREMENTS  OF  MINORITY  CARRIER  LIFETIMES 
IN  II-VI  FILMS  AND  SUPERLATTICES.*  W.O.  Doggctt.  Michael 
W.  Thelander  and  J.F.  Schetzina,  North  Carolina  State  University, 
Raleigh,  North  Carolina. 

HgCdTe  and  CdTe  have  long  been  known  as  excellent  materials  for  use 
in  infrared  detectors,  solar  cells  and  various  thermal-imagery  devices. 
One  of  the  key  parameters  in  determining  the  effectiveness  of  these 
devices  is  the  lifetime  of  the  minority  carriers  in  the  material.  This  paper 
will  describe  a  system  for  accurately  measuring  the  carrier  lifetimes  by 
the  transient  photoconductivity  decay  method  over  a  temperature  range  of 
77-300K  by  using  a  cavity  dumped  argon  ion  laser  and  digital  recording 
equipment.  Lifetimes  in  HgCdTe  and  CdTe  films  and  HgTe-CdTe 
superlattices  grown  at  North  Carolina  State  University  by  the  photo- 
assisted  MBE  method  will  be  reported  which  range  from  tens  of  nano¬ 
seconds  for  some  of  the  Hg-based  multilayers  to  several  microseconds 
for  the  CdTe  thin  films. 

Several  high-frequency  problems  had  to  be  resolved  in  order  to  obtain  an 
accurate  determination  of  short  carrier  lifetimes.  Various  pulse  reflec¬ 
tions  and  other  problems  can  easily  occur  in  bringing  a  signal  from  low 
temperature  out  of  a  dewar's  cold  chamber.  Solutions  to  these  problems 
will  be  presented  which  include  precise  impedance  matching  and  use  of  a 
fast  sampling  oscilloscope.  The  accuracy  of  this  method  is  demonstrated 
by  our  ability  to  determine  the  shape  of  a  10  ns  laser  pulse  (as  measured 
by  a  rapid-risetime  silicon  detector)  by  using  a  standard  HgCdTe  sample 
with  a  300  ns  lifetime  and  a  deconvolution  method  to  extract  the  laser 
pulse  from  the  signal.  This  method  also  allows  us  to  record  photo¬ 
resistive  changes  during  the  laser  pulse  itself  and  to  determine  carrier 
life-times  on  the  order  of  the  laser  pulse  width  or  less. 

•Work  is  supported  by  NSF  grant  DMR-88- 1 3525  and  DARPA  contract 
DAAL03-87-K-0153. 

E5.9 

NONLINEARITY  OF  BOUND  EXCITON  STIMULATED 
EMISSION  INDUCED  BY  NONEQUILIBRIUM 

ACOUSTIC  PHONONS.  N.N.IlnoVtv.  D.  I. Kovalev, 

1 .0. Yaroshetskii .  A.F, Ioff*  Physicc -Technical 
Institute,  Academy  of  Sciences  of  the  USSR, 
194021  Leningrad,  USSR 

Among  the  generation  processes  of  acoustic 
phonone  in  condensed  matter,  laser-like 
emission  of  phonons  could  become  the  eost 
interesting.  So  it  is  great  Interest  to  learn 
whether  such  a  process  takes  place  at  two 
two-quntum  (phonon+photon)  optical  decay. 

The  possible  way  to  investigate  these 
phenomena  is  to  study  the  luminescence  under 
injection  of  'probe*  nonequl librium  acoustic 
phonons  into  the  sample.  The  kinetic  of  bound 
exciton  luminescence  and  spectral  change* 
induced  by  the  'probe*  phonons  were  studied 
at  wide  range  of  exciton  densities  at  T”1 . 3K 
in  order  to  identify  the  nature  of  radiative 
transition.  The  spectrum  of  thm  *probm*  wae 
controlled  Independently.  The  spectral 
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broadening  o-f  the  phonon-assl eted  lueinescence 
band  Induced  by  the  "probe1*  phonons  Mae  found 
to  groe  non linearly  up  to  and  eore  than  the 
Debye  energy  ulth  lncreaeing  optical  pueplng 
of  the  eaaple.  To  eune arize,  the  lunineecence 
Mechanise  of  the  H-band  in  CdS  has  been 
identified  as  nonlinear  radiative 

recoabi nation  of  bound  excitons  ulth  the 
eeisslon  of  acoustic  phonons.  The  obtained 
date  indicate  that  acoustic  phonons  Mith 
occupation  nuabers  n.h»l  are  generated  in 
this  recoabination  process. 

E6.1 

PHOTOASSISTED  MBE  OF  II- VI  SEMICONDUCTOR  FILMS  AND 
SUPERLATTICES.*  N.  C.  Giles  **,  R.L.  Harper,  J.W.  Han  and  J.F. 
Schetzina,  North  Carolina  State  University,  Raleigh,  NC. 

A  survey  will  be  presented  of  recent  growth  of  II- VI  semiconductors 
using  photoassisted  molecular  beam  epitaxy  (MBE),  a  growth  technique 
in  which  the  substrate  is  illuminated  during  the  entire  film  deposition. 
The  materials  that  will  be  discussed  include  undoped  and  As-doped 
CdTe,  As-doped  HgCdTe,  and  In-doped  HgCdTe.  A  variety  of 
structures  including  heterojunctions  and  modulation-doped  superlattices 
have  been  grown. 

The  use  of  photoassisted  MBE  has  allowed  a  substantial  reduction  in 
substrate  growth  temperatures.  Undoped  CdTe  epilayers  exhibiting 
bright  excitonic  photoluminescence  (PL)  peaks  at  low  temperature  (5  K) 
have  been  grown  at  125  °C.  Highly  conducting  p-type  CdTe: As  epi¬ 
layers  with  room  temperature  hole  concentrations  as  high  as  6.2  x  1018 
cm'3  have  been  grown  at  180  °C. 

Both  p-type  and  n-type  Hg-based  modulation-doped  superlattices  have 
been  prepared,  using  As  and  In  for  p-type  and  n-type  dopants,  respec¬ 
tively.  Low  temperature  infrared  PL  measurements  have  been  per¬ 
formed  on  a  series  of  Hg-based  epilayers  and  quantum  well  structures. 
Selected  samples  were  cleaved  and  mounted  for  optically-pumped 
stimulated  emission  experiments,  using  the  1.06  pm  output  from  a  cw 
Nd:YAG  laser.  Stimulated  emission  has  been  successfully  observed  at 
2.8  pm. 

*Work  supported  by  NSF  grant  DMR-8813525  and  DARPA  contract 
DAAL03-86-K-0146. 

••Present  address:  West  Virginia  University,  Morgantown,  WV. 

E6.2 

GROWTH  AND  INITIAL  CHARACTERIZATION  OF  NOVEL 
HGTE-BASED  II-VI  MATERIALS.  F.G.  Moore*.  Naval 
Research  Laboratory,  Washington,  D.C.;  j.c. 
Abele,  Lewis  and  Clark  College,  Portland,  OR.; 
and  R.E.  Kremer,  Crystal  Specialties,  Colorado 
Springs,  CO. 

Hgx_xAxTe  materials  where  A=(Mg,Ba,Sr,Ca)  have 
been  synthesized  by  the  vertical  Bridgman  tech¬ 
nique.  Hydrostatic  density  measurements  showing 
segregation  are  presented  for  all  materials  and  a 
distribution  coeffir  nt  of  *.1.005  is  obtained 
for  HgMgTe.  For  H<  jTe  a  relationship  between 
bandgap  Eg,  and  comoosition  x,  is  developed  based 
on  FTIR  measurements  of  cut -on  wavelengths.  The 
variation  of  energy  gap  with  composition  is  found 
to  be  comparable  to  that  of  HgMnTe  and  twice  as 
rapid  as  that  of  HgCdTe.  Variation  of  lattice 
parameter  aQ,  with  composition  is  also  discussed. 
Carrier  concentration  and  mobility  data  from  room 
temperature  and  77K  Hall  measurements  are 
presented  both  for  as-grown  materials,  and  for 
samples  annealed  in  a  saturated  overpressure  of 
Mercury. 

•National  Research  Council  Postdoctoral  Associate 


E6.3 

USE  OF  ATOM  PROBE  TECHNIQUES  IN  THE  STUDY  OF  II-VI 
SEMICONDUCTORS.  Ross  A  D  Mackenzie.  Chris  R  M  Grovenor  and 
I  Alex  Liddle,  Department  of  Metallurgy  and  Science  of  Materials,  Oxford 
University,  Paries  Road,  Oxford  0X3  1PH 

The  Atom  Probe  Field  Ion  Microscope  (APFIM)  permits  the 
microchemistry  of  materials  to  be  determined  with  both  high  spatial  and 
chemical  resolution.  Pulsed  laser  atom  probe  has  been  used  in  the 
investigation  of  elemental  and  III-V  compound  semiconductors,  where  it 
has  been  possible  to  study  interfacial  roughness  in  quantum  well  structures, 
and  small  scale  compositional  fluctuations!  variations  in  epi layer  materials. 

These  techniques  are  now  being  applied  to  bulk  and  epilayer  binary  and 
ternary  II-VI  alloys.  Using  results  obtained  from  the  study  of  binary  alloys 
the  conditions  needed  for  the  controlled  evaporation  process  can  be 
determined.  A  controlled  evaporation  is  required  if  accurate  compositional 
information  is  to  be  obtained.  The  technique  can  then  be  applied  to  the 
observation  of  composition  fluctuations  in  both  bulk  and  epilayer  materials. 
Preliminary  results  from  this  investigation  will  be  presented,  and  the 
potential  of  these  techniques  for  the  analysis  of  II-VI  materials  shown. 

E6.4 

MBE  GROWTH  OF  HgCdTe  FOR  INFRARED  DETECTOR  APPLICATIONS.  JM 
Arias.  S.H.  Shin,  J.G.  Pasko,  M.  Zandian  and  R.E.  DeWames,  Rockwell 
International  Science  Center,  Thousand  Oaks,  CA  91360. 

Device  quality  MBE  HgCdTe  must  be  demonstrated  as  the  first  step  toward  the 
fabrication  ol  the  next  generation  of  large-area,  high-performance  IR  focal  plane 
arrays.  We  have  carried  out  HgCdTe  MBE  growth  studies  which  have  lead  us  to 
device  quality  HgCdTe  epilayers.  Long-  (8-14  pm)  and  middle  (3-5  pm) 
wavelength  IR  photovoltaic  diodes  fabricated  in  these  epilayers  have 
performance  (RoA  product  values,  quantum  efficiency, etc.)  comparable  to  those 
obtained  using  material  grown  by  the  more  mature  liquid  phase  epitaxy  technique 
(LPE).  These  results  represent  a  significant  step  toward  the  demonstration  ot 
MBE  as  a  viable  growth  technique  for  the  fabrication  of  large  IR  focal  plane  arrays. 

Undoped  MBE  Hgi-X  Cdx  Te  (0.20<  x  <0.30)  epilayers  were  grown  on  the 
(211)B  orientation  of  CdZnTe  and  GaAs  substrates.  Epilayers  up  to  25  pm  thick 
have  been  grown  at  a  rate  of  4-6  prrVh,  at  195  °C.  Alloy  compositional  uniformity  is 
good;  for  x«0.24,  the  standard  deviation  of  x  was  found  to  be  0.0017  for  a 
3.5x1 .5  cm2  wafer.  The  epitaxial  surface  morphology  was  smooth  and  free  from 
macroscopic  defects  which  occur  on  other  more  common  orientations.  HgCdTe 
structural  properties  were  measured  by  double  crystal  x-ray  rocking  curve  and 
dislocation  etching  (EPD).  FWHM  and  EPD  values  as  low  as  34  arc-sec  and  1x10s 
cm'2  were  obtained  for  the  epilayers  grown  on  lattice-matched  CdZnTe,  while 
those  grown  on  GaAs  substrates  yielded  values  of  60  arc-sec  and  6x10®  cm'2, 
respectively.  Homojunctions  (p+-n  and  n+-p)  were  formed  by  arsenic  diffusion 
and  ion-implantation.  We  show  that  diodes  fabricated  on  GaAs  substrates  have 
R0A  values  that  approach  theoretical  values  when  they  are  operating  in  the 
diffusion  regime.  This  result  is  significant  to  imaging  applications  where  the  ability 
to  grow  acceptable  devices  on  GaAs  provides  new  possibilities  in  hybrid  and 
monolithic  technologies.  Diodes  fabricated  on  HgCdTe  grown  on  CdZnTe 
substrates  exhibited  good  diode  performance  even  ai  lower  operating 
temperatures  (T  s  77K).  In  this  tak  we  will  describe  our  most  recent  MBE  growth 
studies,  discuss  their  implications  and  present  current  material  quality  and  diode 
characteristics. 


E6.5 

ELECTRICAL  PROPERTIES  OF  MBE-GROWN  HgCdTe 
S  Hwang.  Jeong  W.  Han,  J.W.  Cook,  Jr.,  and  J.F.  Schetzina, 
Department  of  Physics,  North  Carolina  State  University,  Raleigh, 
NC  27695-8202 

A  detailed  analysis  of  Hall  effect  data  obtained  at  temperatures 
between  20K  and  300K  has  been  made  for  HgCdTe  thin  films 
prepared  by  molecular  beam  epitaxy.  Based  on  a  theoretical 
calculation  for  intrinsic  concentrations  that  takes  into  account  the 
non-para bolicity  of  the  conduction  band,  the  electron  concentrations 
are  shown  to  follow  nicely  the  model  for  semiconductors  in  their 
extrinsic  and  intrinsic  temperature  range.  The  scattering 
mechanisms  in  these  materials  are  studied  through  the  analysis  of 
electron  mobility.  Polar  mode,  deformation-potential  acoustic, 
piezoelectric,  and  impurity  scattering  are  included.  The  calculation 
is  done  by  solving  the  Boltzmann  equation  with  an  iteration  method 
that  incorporates  die  two-mode  nature  of  the  optical  phonons  and  the 
non-para  bolicity  of  the  conduction  band.  The  results  indicate  that. 
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even  at  77K,  the  scattering  is  dominated  by  polar  optical  phonon 
scattering. 

Work  is  supported  by  NSF  grant  DMR-88- 13525  and  DARPA 
contract  DAAL03-87-K-0153 


E6.6 

FIRST  AND  SECOND  ORDER  RAMAN  STUDIES  OF 
COMPOSITION  AND  STRUCTURAL  ORDERING  IN 
Hg,^Cd,Te.  A.  Compaan.  U.  Toledo,  Toledo,  OH;  R.  C. 
Bowman,  Jr.,  Aerospace  Corp.,  Los  Angeles,  CA. 

Alloy  fluctuations,  defect  densities,  and  clustering  are 
sensitive  to  crystal  growth  conditions.  The  resonance 
behavior  of  first  and  second  order  LO  and  TO  Raman 
scattering  has  been  shown  to  be  quite  sensitive  to  these 
properties  in  Hg,.,Cd,Te  (MCT).  We  have  studied  MCT  for 
x-values  between  0.20  and  0.32  and  for  photon  energies  from 
235  to  2.7  eV  and  for  samples  prepared  by  a  wide  range  of 
techniques— LPE,  MOCVD,  MBE,  bulk  growth,  and  pulsed 
laser  annealing.  In  addition  to  the  HgTe-like  TO  and  LO 
modes  and  the  CdTe-like  LO  mode,  we  have  studied  the 
resonance  behavior  of  the  mode  at  133  an',  which  has  been 
identified  as  originating  from  the  preferential  clustering  of  3 
Hg  and  1  Cd  about  the  Te.1  We  find  that  the  intensity  of 
this  peak  for  various  bulk  and  epitaxially  grown  samples  is 
unusually  large  only  near  the  E,  resonance.2  Pulsed  laser 
annealing  with  a  Nd:YAG-pumped  dye  laser  strongly 
suppresses  this  mode  in  all  samples  suggesting  that 
extremely  rapid  epitaxial  regrowth  may  inhibit  the  3:1 
cluster  formation.  Second  order  Raman  scattering  also 
shows  a  strong  resonance  at  the  E,  gap  but  this  intensity  is 
suppressed  by  the  pulsed  laser  anneal. 

'  P.  M.  Amirtharaj,  et  al,  /.  Vac.  Sci.  Technol.,  A3,  226 
(1985.) 

2  A.  Compaan,  R.  C.  Bowman,  Jr.,  &  D.  E.  Cooper  in 
Proc.  Conf.  Narrow  Gap  Semicond.  &  Related  Materials, 
(Gathersburg,  12-15  June  1985.) 

E6.7 

TEMPERATURE-DEPENDENT  INFRARED  ABSORPTION  OF  HG-BASED 
B-VI  SEMICONDUCTOR  SUPERLATTICES*.  Z.  Yang,  Y.  Lansan,  J.  W.  Han 
and  J.  F.  Schetzina.  Physics  Department.  North  Carolina  Slate  University.  Raleigh, 
NC.  27695-8202 

Optical  absorption  spectra  for  a  series  of  HgTe/Cdo.85Hgo.  tfTe  superlattices  (SL's) 
have  been  measured  in  the  spectral  region  from  1  to  12  pm,  and  at  temperatures 
ranging  from  room  temperature  (RT)  down  to  77  K.  First,  the  optical  constants  of 
each  substrate  at  RT  were  obtained  by  measuring  its  transmission  and  reflection, 
along  with  its  transmission  spectra  at  T  below  RT.  The  SL's  were  then  grown  on 
these  substrates  and  the  absorption  coefficient  and  refraction  index  of  the  SL's  al  RT 
were  obtained  by  measuring  the  transmission  and  reflection  spectra  and  using  the 
exact  formulae  for  the  transmission  and  reflection  of  a  two-layer  system.  The 
transmission  spectra  of  the  SL-substrate  samples  were  then  measured  at  tempera¬ 
tures  T  «  77-300  K.  The  transmission  spectra  of  the  corresponding  substrates  were 
used  to  correct  the  spectra  of  the  samples  and  the  absorption  spectra  of  the  SL's  were 
thus  obtained. 

The  absorption  coefficient  of  the  SL's  show  clear  step-like  features  which  are  typi¬ 
cal  in  SL's  due  to  the  transitions  of  electrons  from  different  subbands,  the 
transitions  from  the  first  heavy  hole  subband  (hhl)  and  the  first  light  hole  subband 
(lhl)  to  the  first  conduction  subband  (cl)  are  clearly  evident  in  the  spectra.  The 
observed  transitions  at  RT  agree  well  with  the  theoretically-predicted  selection  rules 
and  transition  energies.  A  value  of  350  meV  for  the  valence  band  offset  between 
HgTe  and  CdTe  is  used.  When  the  temperature  decreases,  the  overall  intensity  of  the 
absorption  increases.  This  is  due  to  (be  fact  that  fewer  thermally  excited  electrons 
are  in  the  conduction  subbands  and  fewer  holes  are  in  the  valence  subbands.  Below 
240  K,  two  new  exciton-like  absorption  lines  appear  near  the  energy  of  the  hhlocl 
transition  These  features  were  observed  in  all  three  SL's  studied  to  dale.  Because  of 
the  presence  of  the  two  lines  it  is  difficult  to  determine  with  high  accuracy  how  the 
energy  of  the  hhl->cl  transition  changes  with  temperature.  However,  our  results  to 
dau  are  consistent  with  a  large  (350  meV)  and  relatively  temperature-independent 


valence  band  offset  for  the  HgTe-CdTe  SL's.  Additional  samples  are  presently  being 
studied  to  further  clarify  this  point. 

•  This  work  was  supported  by  NSF  grant  DMR-88- 13 525  and  DARPA  contract 
DAAL03-87-K-0153 

E6.8 

PROPERTIES  OF  MODULATION  DOPED  HgCdTe. 

Jeong  W.  Han.  S.  Hwang,  Y.  Lansari,  J.W.  Cook,  Jr.,  and  J.F. 
Schetzina.  Department  of  Physics,  North  Carolina  State  University, 
Raleigh,  N.C.27695-8202 

We  have  employed  photoassisted  molecular  beam  epitaxy  to  prepare 
both  p-type  and  n-type  modulation  doped  HgCdTe.  All  samples  are 
superlattices  of  twenty  double  layers  consisting  of  Hgo.15Cdo.85Te- 
Hgi.,Cd,Te(x=0. 16-0.25).  As  and  In  were  used  as  p-type  and  n- 
type  dopants,  respectively.  Dopant  oven  temperatures  were  changed 
systematically  to  obtain  a  range  of  carrier  concentrations  and 
mobilities. 

Double  crystal  x-ray  rocking  curves  exhibit  very  sharp  main  peaks 
(20-30  arcsec)  with  up  to  seven  orders  of  satellites.  Also,  vertical 
cross- section  TEM  studies  indicate  that  the  superlattices  are  of  very 
high  structure  quality  with  sharp  interfaces.  No  evidence  of  Hg- 
interdiffusion  was  found  in  the  TEM  studies.  The  high  structural 
quality  is  due  to  the  low  growth  temperature  (TS=150°C)  associated 
with  the  photoassisted  molecular  beam  epitaxy  technique  and  very 
stable  source  fluxes.  Hall  effect  measurements  at  low  temperatures 
(20°K-100°K)  yielded  carrier  concentrations  independent  of 
temperature  for  both  n-type  and  p-type  samples.  The  absence  of 
carrier  freeze-out  indicates  that  modulation  doping  in  HgCdTe  was 
successfully  achieved.  Hole  mobilities  ranged  from  200  cm2/Vs  to 
400  cmWs.  Electron  mobilities  as  large  as  1.3xl05cm2/Vs  were 
measured.  These  mobilities  are  comparable  to  carrier  mobilities  in 
bulk  HgCdTe  with  the  same  carrier  concentrations. 

We  will  also  report  results  of  a  systematic  study  of  mobilities  in 
modulation  doped  HgCdTe  single  heterostructures,  in  which  we  have 
changed  the  un doped  spacer  thickness,  dopant  oven  temperatures,  and 
Cd  compositions  in  the  channel.  Mobilities  dependent  upon  spacer 
thickness  and  sheet  carrier  densities  at  -30°K  will  be  reported. 

•Work  is  supported  by  NSF  grant  DMR-88- 13525  and  DARPA 
contract  DAALO3-87-K-0153 

E7.1 

SHOCKLEY-READ  RECOMBINATION  IN  P-TYPE  HgCdTe,  Y.  Nemi- 
rovsky  and  R.  Fastow,  Microelectronics  Research  Center, 
Technion  -  I.I.T,  Haifa  32000,  Israel. 

The  excess  carrier  lifetime  in  semiconductors  and  the 
related  processes  of  generation  and  recombination  deter¬ 
mine  directly  device  performance.  In  particular,  it  is 
very  important  to  determine  the  excess  carrier  lifetime 
and  the  mechanism  which  limits  the  lifetime  in  p-type 
Hgj_xCdxTe  with  x*0.225,  since  currently  modern  focal 
plane  arrays  for  detection  of  radiation  in  the  8-12um 
spectral  region  are  based  on  this  material . 

Experimental  studies  of  excess  carrier  lifetime  in  p-type 
HgCdTe  indicate  that  Shockley-Read  (S-R)  recombination  is 
the  dominant  mechanism  at  low  temperature.  Several  ex¬ 
periments  have  been  undertaken  to  measure  the  excess  car¬ 
rier  lifetime  in  p-type  HgCdTe.  However,  the  results 
appear  contradictory  and  the  reported  excess  carrier 
lifetimes  span  C  orders  of  magnitude,  from  vlns  to  ■vlusec 
at  77  K. 

It  appears  that  the  major  cause  of  controversy 
in  the  reported  lifetime  results,  stem  from  lack  of  a 
unified  approach  to  the  definition  of  S-R  lifetimes. 
Different  time-constants  measured  in  various  studies  and 
in  versatile  and  diverse  experiments,  are  referred  by  the 
common  name  "lifetime",  and  this  has  been  a  major  cause 
for  controversy  and  misunderstanding. 

The  purpose  of  this  paper  is  to  define  the  various  "life¬ 
times"  which  are  pertinent  to  the  S-R  model,  and  to  pre- 
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sent  various  measurements  on  doped  as  well  as  undoped  ma¬ 
terial.  The  time-constant  measured  in  each  experiment  is 
theoretically  defined  and  related  to  the  physical  parame¬ 
ters  of  the  material.  In  particular,  trapping  effects  will 
be  considered. 

E7.2 

THE  EFFECT  OF  SURFACE  LAYERS  IN  EPITAXIAL  n-TYPE 
HgCdTe,  K.K.  Parat.  N.R.  Taskar,  I.B.  Bhat  and  S.K.  Ghandhi, 
Rensselaer  Polytechnic  Institute,  Troy,  New  York  12180. 

The  presence  of  a  low  mobility  n-type  surface  layer  on  n-HgCdTe  is 
generally  not  apparent  in  the  Hall  Constant  (Rw)  vs.  temperature 
curve  for  this  material,  or  in  the  n  vs.  temperature  data.  However, 
the  influence  of  this  layer  is  clearly  seen  by  a  study  of  the  depen¬ 
dence  of  Rfr  as  a  function  of  the  B  field. 

This  talk  will  outline  the  use  of  this  diagnostic  method  for  evaluat¬ 
ing  epitaxial  HgCdTe  layers  grown  by  organometallic  vapor  phase 
epitaxy,  which  have  been  previously  converted  to  n-type  by  anneal¬ 
ing  in  a  Hg  overpressure.  The  B  field  dependence  of  Rw  was  an¬ 
alyzed  to  extract  the  bulk  and  surface  carrier  concentrations,  and 
also  their  respective  mobilities.  The  effect  of  anodic  sulfide  passi¬ 
vation  on  the  B  field  dependence  of  the  Hall  Constant  will  also  be 
outlined.  In  these  layers,  the  measured  electron  concentration  and 
mobility  values  approach  that  of  bulk  HgCdTe.  Additionally,  details 
of  the  passivation  technique  will  be  presented  in  this  talk. 

E7.3 

SURFACE  ELECTRONS  IN  INVERTED  LAYERS  OF  P-HGCDTE .  S.E. 
Schacham  and  E.  Finlunan,  Technion,  Haifa,  Israel. 

A  small  concentration  of  surface  electrons  can  cause  strong 
anomalous  behavior  and  even  make  p-type  samples  appear  like 
n-type.  Studying  the  nature  of  interface  electrons  we  found 
that  their  properties  depend  on  surface  potential  (electron 
concentration)  in  the  inversion  layer.  Anodic  sulfide  pas¬ 
sivation  may  give  flatband  conditions  with  hardly  noticeable 
inversion  layer.  Samples  with  acceptor  concentration  as  low 
as  8-10uc»ii*>  are  characterized  by  completely  normal  behavior 
of  the  Hall  coefficient.  Annealing  these  samples  in  70-120C 
for  several  hours  resulted  in  increasing  number  of  n-skin 
electrons.  Surface  passivated  using  anodic  oxide  gave 
strongly  inverted  surfaces,  with  n-type  behavior  at  all  tem¬ 
peratures  under  the  highest  magnetic  field  used  (-1T)  . 
Analysis  of  magnetic  field  dependence  of  transport  parame¬ 
ters  show  that  properties  of  bulk  material  remained 
unchanged  for  the  various  surface  treatments,  indicating 
that  the  only  change  is  induced  near  the  interface,  increas¬ 
ing  the  surface  charge  density  and  the  depth  of  the  band 
bending  at  the  interface.  The  density  of  surface  electrons 
was  below  5  I0"cm"1  for  the  anodic  sulfide,  and  up  to  5- I0l3cm ~l 
for'  the  oxide  interface.  When  surface  concentration  is 
small,  the  electron  mobilities  were  lower  than  those 
obtained  in  same  composition  bulk  n-type  material,  as  can  be 
anticipated  (e.g.  jt *  l-5T0*c«vvg  at  77K)  .  However,  increas¬ 
ing  band  bending  and  skin  electrons  in  the  induced  well  near 
the  surface,  resulted  in  very  high  mobility  skin  electrons 
(e.g.  1  J101OII1(V7  at  77K,  and  3-  10s  at  13K,  for  composition 
x-.22),  as  in  the  best  n-type  material.  It  is  concluded 
that  this  is  the  result  of  lowering  the  dimensionality  of 
the  electrons  while  gradually  increasing  their  confinement 
near  the  interface.  Presently  we  intend  to  verify  the  2D 
character  of  these  electrons  by  performing  transport  studies 
at  high  magnetic  fields,  and  Shubnikov-de  Haas  experiments. 

E7 . 4 

ELECTRICAL  CHARACTERISATION  OF  P-TYPE  Cd„H|,_xTe 
GROWN  BY  MOVPE  (IMP).  A  Rovle.  J  S  Gough,  S  J  C  Irvine 
and  J  B  Mullin.  Royal  Signals  and  Radar  Establishment,  Malvern, 
Worcestershire  UK 

Detailed  electrical  characterisation  and  analysis  of  results  on  a  series 
of  epitaxial  layers  grown  by  MOVPE  (IMP)  on  CdTe  substrates  has 


been  carried  out.  The  growth  programme  was  aimed  at  achieving 
low  carrier  concentration  p-type  material  with  a  low  x  alloy 
composition,  in  some  cases  x  was  as  low  ss  x  >  0.19.  The  design  of 
high  operating  temperature  (HOT)  IR  detectors  requires  material  with 
this  specification. 

Temperature  dependent  Hall  measurements  over  the  4.2  to  300K 
range  were  carried  out  on  a  series  of  layers.  At  low  temperatures, 
surface  and  interface  effects  can  dominate  the  complex  Hall 
coefficient  as  this  technique  measures  both  p-type  bulk  properties 
and  surface  inversion  layers  in  parallel.  In  an  attempt  to  suppress 
these  effects  a  series  of  layers  have  been  grown  with  thin  epitaxial 
caps  and  buffers. 

The  best  Hall  data,  viz  Rpj  positive  at  very  low  temperatures  has 
been  obtained  on  layers  with  x  *-  0.22  and  using  the  cap  and  buffer 
structure.  The  acceptor  concentration  was  typically  5  x  10'  6cm~3. 

These  results  will  be  compared  with  layer  of  lower  x  and  uncapped 
structures.  Theoretical  fits  to  the  best  p-type  data  have  been 
attempted;  values  of  the  extrinsic  hole  concentration  and  acceptor 
ionization  potential  have  been  obtained.  A  value  of  the  intrinsic 
carrier  concentration  (nj)  is  a  required  parameter  for  the  fitting 
equations  and  the  best  Fits  suggest  that  there  is  either  a  discrepancy 
in  the  determination  of  alloy  composition  or  the  published  values  of 
nj  (x.  T). 

E7.4A 

MBE  GROWTH:  SURFACE  ROUGHNESS  THEORY* 

A.  Shar,  Srlnivasan  Krlshnamurthy  and  Martha  A.  Bardina 

SRI  International,  Menlo  Park,  California  94025 

A.-B.  Chen,  Auburn  University,  Auburn,  Alabama  36849 
Archibald  Frfpp 

National  Aeronautics  and  Space  Administration 
Langley  Research  Center 
Hampton,  Virginia  23685 

In  this  paper,  we  consider  the  surface  entropy  to  be  related  to  the 
arrangement  of  atom  pairs  rather  than  the  more  traditionally  used  total 
number  of  configurations.  This  Important  correction  Is  applied  to  tne 
simplest  theory  of  nucieation  of  solids  and  their  Qrowth  rate.  The  purpose 
of  this  paper  is  to  demonstrate,  within  the  context  of  a  simple  and 
physically  transparent  model,  the  arguments  needed  to  improve  the 
surface  entropy  calculations  and  a  range  of  resulting  effects.  The  major 
changes  introduced  are  a  reduction  of  the  rough  to  smooth  critical 
transition  temperature,  smooth  limit  islands  with  fewer  point  defects, 
direct  demonstration  of  layer  by  layer  growth,  and  a  relation  between  me 
effect  of  energy  assisted  MBE  and  entropy  equilibration. 

•This  work  has  been  supported  In  part  by  the  National  Aeronautics  and 
Space  Administration  under  Contract  NASf-1 8226  and  ONR  Contract 
N00014-88-C0096. 
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E7.5 

LANGMUIR- BLODGETT  FILM  PASSIVATION  ON  CATHODICALLY 
CLEANED  MCT  AND  PC-TYPE  DEVICES.  Kenqo  Shimanoe, 
Tetsuya  Suzuki ,  Taizo  Hoshino  and  Masao  Sakashita;  TSd 
Labs.  -I,  Nippon  Steel  Corp. ,  1618  Ida,  Nakahara-ku, 
Kawasaki  21 1 ,  Japan 

Surface  passivation  of  semiconductors  Hg-]  _yCdyTe  (MCT) 
is  of  importance  for  their  utilization  as  IS  detectors. 
This  work  reports  MCT  surface  passivation  technique 
combined  with  cathodic  surface  cleaning  arid  Langmuir- 
Blodgett  film  formation.  Characteristics  of  PC-type 
devices  are  also  discussed. 

N-type  MCT  (x=0.20)  substrates  were  chemically  etched 
with  methanol  solution  containing  0.5%  of  bromine  after 
mechanical  polishing.  The  surface  oxides  on  MCT  were 
reduced  electrochemical ly  in  a  pH  5.0  acetic  acid  - 
acetate  buffer  solution  at  a  voltage  (vs.  Ag/AgCl) 
between  -0.85  and  -1.00  V.  By  using  XPS,  it  is 
confirmed  that  the  cathodically  reduced  surface  is 
oxide  free.  Indium  electrodes  were  formed  on  MCT 
substrate  where  the  active  area  was  1  mm2.  10,12- 
heptacosadiynic  acid  (a  diacetylene  compound)  was  used 
as  the  amphiphilic  compound  for  LB  film  formats  n.  This 
type  of  diacetylene  was 
polymerized  by  irradiation 
with  UV  light.  Such  a 
polymerization  increases 
mechanical  strength  of  the  LB 
film.  Fig.  1  shows  the 
characteristic  of  a  PC-type 
device  passivated  by  the  LB 
film  of  <!  1  layers  as  a 
relative  response  to  a 
thermopile.  These  MCT  devices 
exhibit  sufficient  sensitivity 
to  detect  IR  radiation  in  the 
atmospheric  window. 

E7 . 6 

ENHANCED  METALLIZATION  STABILITY  ON 
MEHCURV-CAOMIUM-TELLURIOE.  A.  Raisanen.  G. 
Haugstad,  X.  Yu.  and  A.  Franciosi,  Dept,  of  Chem. 
Engineering  and  Materials  Science,  U.  of  Minnesota, 
Minneapolis,  MN  55455;  and  D.J.  Peterman,  McDonnell 
Douglas  Research  Labs,  St.  Louis,  MO  63166. 

Hg1.xCdxTe  (MCT)  semiconductor  alloys  are  widely  used 
for  high-performance  infrared  detectors.  Deposition  of 
metals  such  as  Al,  In,  and  Cr  onto  MCT  surfaces  yields 
atomic  interdiffusion  and  a  preferential  metal-Te 
reaction  causing  Hg-depletion  of  the  surface  layer, 
with  a  severe  effect  on  junction  properties. 
Semi-empirical  calculations  of  binary  thermodynamic 
reaction  enthalpies  using  Miedema's  model  suggest  that 
thin  rare  earth  metal  interlayers  may  act  as  diffusion 
barriers  at  metal/MCT  junctions  due  to  the  large  rare 
earth-Te  and  rare  earth-Hg  reaction  enthalpies.  Our 
synchrotron  radiation  photoemission  studies  of 
metal/MCT  contacts  involving  Al,  In,  Cr,  and  Ag 
metallizations  with  and  without  thin  (1-15  A)  Yb 
interlayers  indicate  that  Yb  acts  as  an  effective 
diffusion  barrier  on  the  MCT  surface,  preventing 
metal-Te  reaction,  Hg-depletion  of  the  semiconductor 
near-surface  layer,  and,  in  general,  atomic 
interdiffusion  across  the  junction. 

E7. 7 

GROWTH  OF  HIGH  QUALITY  LWIR  FILMS  BY  LIQUID  PHASE  EPITAXY. 
Dipwfaar  Chmdra.Tex*s  Instruments  Inc.,  Dallas,  Tx. 


by  Hall  mobilities  lower  than  theoretical  values  by  {acton  of  3  or  more  at  77  K. 

Id  addition  the  Hall  behavior  over  the  entire  temperature  range  did  not  follow 
classical  behavior.  A  systematic  series  of  investigations  was  conducted  to  improve 
the  electrical  performance  of  these  films  by  four  methods:  i)  growth  of  HgZnTe 
films,  where  the  cadmium  was  replaced  by  zinc,  ii)  growth  at  temperatures 
>5J0“C,  iii)  growth  at  a  slow  rate  on  a  CdZnTe  substrate  following  'cleaning'  in 
the  melt  of  the  substrate  surface  and  iv)  doping  (he  film  by  controlled  levels  of 
indium  or  giUium. 

The  fust  method  did  not  lead  to  any  improvements  in  the  Hall  behavior.  In 
addition,  the  films  grown  displayed  varying  dislocation  densities.  The  second 
method  led  to  s  small  but  definite  increase  in  the  yield  of  noo-anomalous  or 
classical  films  (3%).  The  third  method  yielded  films  with  classical  or  noo- 
anomalous  Hall  behavior  about  20%  of  the  time.  The  last  method  consistently  led 
to  films  with  classical  Hall  behavior.  This  was  accomplished  with  indium  doping 
levels  at  Uxl014/cm^.  Preliminary  data  indicate  that  it  will  be  possible  to  go  to 
still  lower  doping  levels  while  maintaining  classical  Kail  behavior.  Similar  data 
were  observed  for  gallium  doping.  The  segregation  coefficients  controlling  the 
doping  levels  and  their  concentration  dependence  were  also  precisely  determined 
during  these  investigations.  The  improvement  in  the  electrical  properties  of  these 
epifilms  can  be  attributed  to  the  reduction  or  elimination  of  type  inbomogeneiaes 
known  to  degrade  Hall  mobilities  in  films  grown  by  liquid  phase  epitaxy. 

E7.8 

CHARACTERIZATION  OF  (Hg,Cd)Te  FOR  INFRARED  FOCAL 
PLANE  ARRAY  APPLICATIONS.  A.  J.  Svllaioa.  V.  C. 
Lopes,  W.  H.  Wright,  Texas  Instruments  Inc., 
Dallas,  Texas  75265 

Material  characterization  has  an  important  role 
in  the  use  of  (Hg,Cd)Te  for  Infrared  Detector 
Focal  Plane  Array  applications.  It  addresses 
both  the  evaluation  of  material  preparation 
processes  and  the  selection  of  material  suitable 
for  the  construction  of  detector  arrays.  A 
comprehensive  characterization  effort  includes 
the  use  of  simple  prototype  detector  devices  and 
the  use  of  a  series  of  non-invasive 
characterization  techniques. 

One  prototype  detector,  the  Metal  Insulator 
Semi-conductor  (MIS)  device,  is  used  to 
establish  correlations  between  material 
parameters  and  focal  plane  array  performance. 
Such  MIS  device  characteristics  as  dark  current, 
breakdown  voltage  and  photoresponse  are 
correlated  to  optical  and  electrical  material 
properties,  as  well  as  to  the  density  of 
crystal  defects.  Spatially  resolved  MIS  device, 
FTIR  transmission,  minority  carrier  lifetime  and 
surface  recombination  velocity  measurements  will 
be  reviewed.  Recent  results  will  be  presented 
for  r.-type  bulk  (Hg,Cd)Te  with  a  Cd 
concentration  of  x=0.22  and  a  77  K  cutoff 
wavelength  of  10  um,  grown  by  the  Solid  State 
Recrystallization  process  or  by  the  Travelling 
Heater  Method. 

E7.9 

EFFECTS  OF  DEFECTS  ON  METAL- INSULATOR-SEMICONDUCTOR 
PROPERTIES  OF  HgCdTe  FILMS  GROWN  BY  LIQUID  PHASE  EPITAXY, 
nipankar  rh»nrir»  rod  Michael  W.  Goodwin.  Texaa  Instrument*  Inc.,  Dalits, 
Texas. 


A  comprehensive  study  of  all  materials  parameters  influencing  metal-insulator- 
semicoodnctor  (MIS)  properties  of  n-type  HgCifTe  films  grown  by  liquid  phase 
epitaxy  from  tellurium  rich  melts  was  conducted.  When  the  epitaxy  procesa  was 
optimized  to  grow  films  free  of  inclusions  and  terracing,  the  first  indicarioos  of  the 
MIS  propenies  to  be  expected  could  be  obtained  from  tbe  temperature  dependence 
of  the  Hall  electron  mobility 

Films  displaying  an  anomalous  dependence  of  the  Hall  mobility  on  temperature 
yielded  non-classical  low  frequency  MIS  properties  with  little  or  no  measurable 
'dark'  storage  times  (<  2xl(k6  second).  Tbe  MIS  performance  of  these  fllma 
appeared  relatively  independent  of  other  materials  parameters;  remaining,  foe 
example,  virtually  unaffected  by  the  film  dislocation  density  changing  between 
5xl(T/cm2  and  2xl0*/cm2. 


Wavalangth/pm 

Fig.  1  Spectroscopic  characteristics 
of  L  8 /MCT  sensor. 


Growth  of  long  wavelength  infra-red  mercury  cadmium  tellnride  Alms  by  liquid 
phase  epitaxy  has  usually  yielded  films  of  inferior  electrical  propawfea  as  evidenced 


Hlma  displaying  «  clsmical  dependence  of  the  Hall  mobility  on  wnperaluw  yielded 
draadcaUy  improved  daerical  high  frequency  MIS  properuee.  For  these  films,  the 


MIS  performance  speared  almost  exclusively  dependent  oo  dislocation  density 
levels  as  loaf  as  (be  donor  density  remained  lower  than  lxl015/an3.  Tbe  dark 
Stonge  time  of  dajstcaJ  films  increased  continuously  with  decreasing  dislocation 
density  levels,  rising  lo  100  usees  for  a  dislocation  density  level  of  lxlO^/cm2  for 
materials  with  a  77  K  IR  cutoff  wavelength  of  10.3  pm.  A  simple  moootonic 
relationship  could  be  established  between  tbe  MIS  performance  parameters  and  the 
dislocation  density  over  the  entire  measurement  span:  from  Jx  lO^/cm2  to 
2.3xl06/cm2. 

E7.10 

LOW-TEMPERATURE  PROCESSING  TECHNOLOGY  FOR  II- VI 
SEMICONDUCTORS.* 

D.L.  Preifus  and  R.M.  Kolbas,  Department  of  Electrical  and  Computer 
Engineering;  B.P.  Sneed  and  J.F.  Schetzina,  Department  of  Physics, 
North  Carolina  State  University  Raleigh,  NC  27695-8202 

A  new  low-temperature  (<60°C)  processing  technology  that  avoids 
potentially  damaging  processing  steps  such  as  ion-implantation  and 
elevated-temperature-annealing  has  been  developed  at  NCSU.  The 
technology  includes:  1)  photolithographic  transfer  of  patterns  with 
geometries  as  small  as  2  pm,  2)  calibrated  etchants  with  etching  rates  as 
low  as  40  A/s  and  compatible  with  photolithography,  3)  a  metallization 
lift-off  process  using  a  photoresist  profiler,  4)  an  interlevel  metal 
dielectric  for  advanced  structures  requiring  multilevel  metallizations,  and 
5)  an  insulator  technology  for  metal-insulator-semiconductor  (MIS) 
structures. 

A  number  of  devices  have  been  fabricated  from  II- VI  epitaxial  layers 
grown  by  photoassisted  molecular  beam  epitaxy  and  processed  using 
the  technology  described  above.  This  has  resulted  in  several  first 
demonstrations  of  II- VI  semiconductor  devices  such  as  CdTe  metal- 
semiconductor  field-effect  transistors  (MESFETs),  CdTe  p-n  junctions, 
CdMnTe  MESFETs,  and  HgCdTe  metal-insulator-semiconductor  field- 
effect  transistors  (MISFETs).  Optimization  of  the  processing  steps  has 
resulted  in  device  yields  in  excess  of  75%  on  recent  device  structures, 
including  HgCdTe  MISFET  devices  from  which  digital  logic  circuits 
have  been  successfully  fabricated  and  tested. 

•Work  supported  by  NSF  grant  DMR-88- 13525  and  DARPA  contract 
DAAL03-86-K-0146. 


deposition  at  lower  temperatures.  This  will  lead  to  reduction  and 
control  of  the  equilibrium  mercury  vacancy  concentration  allowing 
greater  control  of  the  electrical  properties.  Lowering  the  growth 
temperature  would  also  reduce  the  interdiffusion  between  substrates 
and  epitaxial  layers  thus  enabling  more  complex  structures  to  be 
grown.  There  are  two  ways  in  which  the  growth  temperature  can  be 
lowered: 

use  of  less  stable  precursors  for  thermal  growth 

photolytic  growth. 

Both  of  these  routes  will  require  the  use  of  alternative  precursors. 

Before  an  organometailic  compound  can  be  used  as  a  precursor, 
certain  basic  properties  need  to  be  known  and  one  of  the  most 
important  of  these  for  MOVPE  growth  is  vapour  pressure.  An 
MOVPE  system  for  precursor  assessment  which  has  facilities  for  the 
measurement  of  vapour  pressure  will  be  described.  The  technique 
used  can  also  give  information  on  the  photo  and  thermal  stabilities 
of  the  organotellurium  compounds.  Results  on  the  assessment  of 
some  new  organotellurium  compounds  will  be  reported. 

E8.3 

INFLUENCE  OF  SUBSTRATB  QUALITY  IN  THE  METAL  ORGANIC  CHEMICAL 
VAPOUR  DEPOSITION  OF  HgCdTe.  M.J.  Bevan  and  N.J.  Doyle, 
Westinghouse  STC,  Pittsburgh,  tA. 

The  quality  and  uniformity  of  HgCdTe  IE  detectors  are 
thought  to  be  limited  by  structural  defects.  M0CVD 
technology  has  advanced  to  the  state  that  HgCdTe  is  limited 
by  the  crystal  quality  and  uniformity  of  the  substrate 
material.  Foreign  substrates  such  as  GaAs  is  used  but  the 
large  mismatch  is  only  partly  accommodated,  resulting  in 
films  with  double  crystal  rocking  curve  widths  greater  than 
1  aremin.  Using  lattice-matched  substrates,  CdZnTe  and 
CdTeSe  (nominally  4.5X  Zn  or  Se) ,  (100)2°  oriented  epilayers 
have  comparable  rocking  curvegwidthsfca.  25  arcsec) ,  but 
have  pyramidal  facets  (>10ci»  ) .  The  hillocks  are  avoided 

by  using  the  (lll)B  orientation,  but  HgCdTe  has  a  rotational 
twinned  structure.  Specular  films  have  been  grown  free  of 
twinning  by  MOCVD  on  (211)B  substrates,  combining  the 
attributes  of  both  (111)  and  (100) -oriented  HgCdTe. 


E8.X 

RECENT  PROGRESS  IN  THE  OMVPE  GROWTH  OF  HgCdTe 
(Invited),  S.K.  Ghandhi.  Rensselaer  Polytechnic  Institute,  Troy, 

New  York  12180. 

This  talk  will  present  recent  progress  in  the  direct  alloy  growth  of 
HgCdTe,  by  organometailic  vapor  phase  epitaxy.  Issues  of  compo¬ 
sitional  uniformity  have  essentially  been  solved,  and  the  focus  of 
efforts  is  now  on  annealing  of  as-grown  material,  and  on  extrinsic 
doping.  The  annealing  of  epitaxial  layers  has  proved  to  be  consid¬ 
erably  more  difficult  than  for  bulk  material.  Problems  with  the  full 
annealing  of  as-grown  p-type  HgCdTe  layers  to  n-type  will  be  out¬ 
lined,  and  techniques  described  for  overcoming  them.  Extrinsic  n- 
and  p-type  doping  of  HgCdTe  will  also  be  described,  using  arsine 
gas  as  the  dopant  species  for  p-type,  and  trimethylindium  for  n-type 
HgCdTe.  Properties  of  extrinsic  layers  will  be  described,  both  for 
as-grown  layers  and  also  for  layers  which  have  been  subjected  to 
heat  treatment. 

Finally,  progress  in  the  growth  of  HgCdTe  at  reduced  temperatures 
will  be  presented.  Crystal  properties  as  well  as  electrical  character¬ 
istics  will  be  presented  for  HgTe  and  HgCdTe  layers,  grown  in  the 
240-320“ C  range.  The  advantages  of  growth  at  reduced  tempera¬ 
tures  will  be  outlined,  as  well  as  its  associated  problems. 

E8.2 

VAPOUR  PRESSURE  MEASUREMENTS  ON  ORGANOTELLURIUM 
PRECURSORS  FOR  MOVPE  J.  E.  Hailx.  S.  J.  C.  Irvine  and  J.  B. 
Mullin.  Royal  Signals  and  Radar  Establishment,  St  Andrews  Road, 
Malvern,  Worcs.  UK 


Characterisation  of  substrate  material  continues  to  reveal  a 
range  of  undesirable  properties,  potentially  detrimental  to 
epitaxial  growth,  both  structurally  and  chemically.  Using  x- 
ray  techniques,  the  range  of  defects  observed  in 
commercially-available  material  include,  for  example, 
precipitates  and  inclusions,  microcracks  and  microtwins, 
sub-grain  structure  and  non-uniformity  in  double  crystal 
rocking  curves.  Unintentional  impurity  doping  of  the 
substrate  naterial  give  rise  to  low  resistivity  (<100  ohm 
cm)  and  t. :se  impurities  can  ultimately  dope  the  subsequent 
HgCdTe  epilayer.  Electrical  evaluation  of  as-grown  and  Hg- 
annealed  films  has  suggested  the  presence  of  dopants  arising 
from  the  substrate. 


E8.4 

TEN!  CHARACTERIZATION  OF  DEFECTS  IN  HgCdTe  GROWN  ON 
(001)  CdTe  AND  (111 ) B  CdZnTe  SUBSTRATES  BY  MOCVD. 
Anthony  Hobbs,  O.Ueda,  K.Maruyama,  S. Murakami  and 
K.Shinohara;  Fujitsu  Laboratories  Ltd.,  Japan. 


Transmission  Electron  Microscopy  (TEM)  has  been 
used  to  characterize  epilayers  of  Hg1  „Cd„Te 
(x>0.16)  grown  on  both  (001)  CdTe  and  (1li)B 
Cdn,97Zn0  Q3Te  substrates  bY  MOCVD.  Growth  on  (001 ) 
CdTe  is  found  to  give  rise  to  epilayers  which 
contain  a  large  number  of  grain  boundaries  in  the 
surface  region  with  associated  boundary 
dislocations.  Many  dense  dislocation  bands  have 
also  been  identified  at  these  boundaries.  The 
grains  themselves  are  often  oblong  in  shape  with 
the  long  axis  in  just  one  <  1 1 0 >  direction.  In 
addition,  a  high  density  of  dislocation  loops  are 
associated  with  the  boundary  dislocation  network. 


By  contrast,  growth  on  (111)B  Cd0  o7Zn0  Q3Te 
substrates  results  in  double-position’ twinnfng  at 


A  well  accepted  objective  for  Improved  material  quality  in  the 
MOVPE  growth  of  the  Infra-red  detector  material  (Hg,Cd)Te  lx 
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the  surface.  The  surface  morphology  consists  of 
roughly  circular  hillocks  with  a  twinned 
relationship  to  the  surrounding  material.  Several 
types  of  twin-boundaries  are  evident;  these  are 
often  accompanied  by  dislocation  networks.  Grain 
boundaries  and  dislocation  loops  of  the  type  seen 
in  the  (001)  epilayers  are  not  generally  present 
although  localized  regions  containing  large  numbers 
of  dislocation  segments  and  loops  are  found. 

The  formation  mechanism  for  the  defect  structure  in 
both  (001)  and  (111)  epilayers  will  be  discussed. 

E8.S 

STRUCTURAL  AND  ELECTRICAL  PROPERTIES  OF 
HETEROEPITAXIAL  HgCdTe/CdZnTe/GaAs/Si.  S.M.  Johnson.  Wl. 
Ahlgren,  M.  H.  Kalisher,  W.  J.  Hamilton,  Jr.,  and  J.  B.  James,  Santa 
Barbara  Research  Center,  75  Coromar  Dr.,  B2/8,  Goleta,  CA  93117 

The  growth  of  HgCdTe  on  Si-based  substrates  is  now  being 
strongly  pursued  to  provide  an  alternative  to  bulk  CdZnTe  substrates  for 
improvements  in  size,  strength,  monolithic  signal  processing,  and  cost  of 
infrared  detector  arrays.  We  are  using  a  hybrid  growth  approach  by  which 
epitaxial  CdZnTe  is  grown  on  GaAs/Si  wafers  by  metal-organic  chemical 
vapor  deposition  (MOCVD)  followed  by  the  growth  of  HgCdTe  by  the 
more  mature  liquid-phase  epitaxy  (LPE)  technolop'.  The  structural 
properties  of  these  layers  were  characterized  using  high-resolution  x-ray 
rocking-curve  analysis.  The  commercial  GaAs/Si  wafers  used  as  starting 
substrates  were  oriented  (100)  3°  toward  [111]  with  typical  rocking-curve 
full-width  at  half-maximum  (FWHM)  of  150-200  arc-sec.  High-resolution 
x-ray  measurements  show  that  the  GaAs  layer  is  tilted  0.24°  further  toward 
[111]  with  respect  to  the  Si  and  that  the  (100)  CdZnTe  layer  is  tilted  by  4.1° 
back  towards  [ill]  with  respect  to  the  GaAs,  apparently  to  reduce  the 
interfacial  energy  associated  with  the  large  lattice  mismatch.  Perpendicular 
and  parallel  strain  measurements  show  that  there  is  some  tetragonal 
distortion  (elastic  strain)  of  the  GaAs  layer,  however,  the  14.6  %  lattice 
mismatch  between  CdZnTe  and  GaAs  is  almost  entirely  relieved  by  plastic 
deformation  (misfit  dislocations).  X-ray  FWHM  values  of  as  low  as  85 
arc-sec  have  been  obtained  for  the  heteroepitaxial  CdZnTe  layers.  We  have 
also  found  that  the  FWHM  of  the  HgCdTe  layer  is  typically  lower  than  that 
of  the  CdZnTe  layer,  which  is  due  to  both  an  annealing  effect  during  the 
LPE  growth  and  an  improvement  in  material  quality  with  increased 
thickness.  LPE-grown  In-doped,  n-type,  Hgo.7Cdo.3Te  layers  with  77K 
mobilities  of  4  x  104  cm2/V-sec  and  carrier  concentrations  of  4  x  101S  cm'3 
were  obtained  on  the  heteroepitaxial  substrates;  these  properties  are  nearly 
identical  to  those  of  layers  grown  simultaneously  on  bulk  CdZnTe 
substrates.  The  variations  in  the  HgCdTe  electrical  properties  with  the 
structural  quality  of  the  heteroepitaxial  substrates  will  be  discussed 

E8.6 

PROPERTIES  OF  HgTe-ZaTe  STRAINED  LAYER  SUPERLATTICES  GROWN 
BY  MOVPE  I T  MnHin.  P.A.  Clifton.  P.D.  Brown,  K.  Durove 
nnd  A.W.  Bnokmmn.  Applied  Pbynci  Group.  S-E-A.S.  Uoivvroty  of  Durhum. 

South  Roud.  Durham  DH1  3LE.  U.K. 

The  Hglt-ZuTe  ’trained  layer  euperlattice  ayitem  u  a  possible  alternative  to  mer¬ 
cury  cadmium  telluhde  (MCT)  as  a  long  wavelength  infra-red  material  and  is  of 
interest  in  its  own  right  at  an  example  of  a  highly  strained  type  III  superiattice.  The 
mterdiifusion  coefficient  between  HgTe  and  ZnTe  is  sufficiently  low  to  allow  growth 
at  typical  MOVPE  temperatures.  By  producing  a  superiattice  of  the  two  binary 
compounds  rather  than  a  ternary  alloy,  it  is  possible  to  tailor  the  effective  energy 
gap  of  the  material  indspendsnUy  of  the  composition  by  appropriate  choice  of  well 
and  barrier  thicknesses.  For  a  given  cutoff  wavelength  the  resulting  material  is  mors 
structurally  stable  than  MCT  as  less  mercury  is  required  and  the  destabilising  effect 
of  Cd  on  the  weak  Hg-Te  bond  is  eliminated. 

In  this  work  the  properties  of  HgTS-ZnTe  superlattices  grown  by  Metal  Organic 
Vapour  Phase  Epitaxy  at  temperatures  down  to  325* C  are  reported.  Their  struc¬ 
ture  was  characterised  by  cross  sectional  transmission  electron  microscopy  and  X- 
ray  diffraction.  Infra-red  transmission  measurements  were  made  to  determine  the 
optical  absorption  coefficient  as  a  function  of  wavelength  and  show  maximum  ab¬ 
sorption  coefficients  comparable  to  those  of  MCT.  Their  electrical  properties  and 
the  effect  on  the  electronic  structure  of  the  anisotropy  dictated  by  the  superiattice 
periodicity  were  assessed  by  high  field  magneto-transport  measurements. 


E8.7 

MBE  GROWTH  AND  CHARACTERIZATION  OF  SMALL  BAND 
GAP  HgTe-HgCdTe  SUPERLATTTCES.*  Y.  Lansari.  Z.  Yang,  S. 
Hwang,  J.W.  Cook,  Jr,  and  J.F.  Schetzina,  North  Carolina  State 
University,  Raleigh,  NC  27695-8202. 

A  series  of  undoped  and  In-doped  HgTe-Hgo.15Cdo.85Te  superlattices 
(SLs)  of  varying  well  and  barrier  thicknesses  has  been  grown  by 
molecular  beam  epitaxy  (MBE)  and  photo-assisted  MBE. 

Double-crystal  x-ray  rocking  curve  measurements  were  performed  on 
all  the  SLs  and  full  widths  at  half  maxima  of  the  main  diffraction 
peaks  as  low  as  28  arcs  were  measured,  indicative  of  very  high 
structural  quality.  X-ray  satellite  peaks  were  observed  for  all  of  the 
SLs  studied,  which  allowed  accurate  determination  of  the  SL  double¬ 
layer  thickness. 

For  different  SLs,  the  HgTe  layer  thickness  ranged  from  67  A- 160  A, 
while  the  Hgo.15Cdo.85Te  layer  thickness  ranged  from  35  A  to  102  A, 
leading  to  small  band  gaps,  as  calculated  using  the  k-p  model.  In  this 
band  gap  regime,  unique  electrical  properties  including  highly 
anisotropic  effective  masses  and  very  high  mobilities  are  expected  to 
occur.  All  of  the  SLs  were  n-type  with  carrier  concentrations  ranging 
from  10»«-10”  cm*3  (30-295  K).  Mobilities  as  large  as  1x10s 
cm2/Vs  (30-60  K)  were  measured  using  standard  van  der  Pauw 
techniques. 

Transmission  and  reflection  data  (300  K)  were  used  to  obtain 
absorption  coefficient  versus  photon  energy  curves  which  clearly 
show  large  step-like  features  due  to  the  2D  electronic  transitions 
between  the  superiattice  valence  and  conduction  subbands.  New 
features  associated  with  the  near-zero  gap  nature  of  the  SLs  were  also 
observed  and  will  be  discussed. 

♦Work  supported  by  NSF  grant  DMR-88-13525  and  DARPA  contract 
DAALQ3-87-K-0153. 

E8.8 

PHASE  DIAGRAM,  LATTICE  PARAMETER,  AND  OPTICAL 

OPTICAL  ENERGY  GAP  VALUES  FOR  THE 

Hg2x (Culn) yMn2zTe2  (x+y+z=l)  ALLOYS.  Pedro  Grima 

Gallardo.  Fac.  Ciencias.  Dpto.  Fisica.  Laboratorio 
de  Cristales.  Centro  de  Estudios  en  Semiconducto- 
res.  Universidad  de  Los  Andes.  Merida.  Venezuela. 

Polycrystalline  samples  of  the  diluted  semimagr.e- 
tic  semiconductor  alloys  Hg2x (Culn) yMn2zTe2  are 

prepared  by  the  melt  and  anneal  technique.  Measu¬ 
rements  of  differential  thermal  analysis  (DTA) , 
Guinier  x-ray  photographs  and  optical  absortion 
are  carried  out  in  order  to  obtain  the  lattice  pa¬ 
rameters,  optical  energy  gaps  (E  )  and  phase  tran¬ 
sition  temperature  values. 

The  results  shown  four  single-phase  fields,  name¬ 
ly  ordered  zincblende  (|i!  ),  ordered  chalcopyrite 
(»«'),  disordered  zincblende  ((b)  and  disordered 
chalcopyrite  (oi  )  in  the  composition  range  of  inte 
rest.  For  higher  z  values  the  field  is  two  phases. 
It  is  shown  that  while  the  manganese  ordering  has 
little  effect  on  the  lattice  parameters,  it  has 
appreciable  effect  on  the  values  of  E  .  This  is  de 
mostrated  by  the  different  aiming  poiSts  at  z=l 

for  the  E  vs  z  lines  in  the  different  fields, 
o 

Sections  of  the  general  T(x.y,z)  phase  diagram  are 
presented  in  order  to  visualize  the  different 
fields . 

E8.9 

Oli  the  field  mission  froa  HffTs-OdLTs  sapsrlsttlose  with 
ended  •  tractates  under  nestle  quantisation.  lenttTI 
Gbffitgk,  Depertmnt  ef  electronics  Inline* rise.  University  sf 
Jadsrpar,  Celaattep?00032f  Inlini  «od  Smtatm  I.  Biswss, 
Dspsrtnnt  ef  Bee  ironies  end  Bsloo— nslostim  Bdneerine, 
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Bmcal  B*Siaa«riac  Oallo«a,  Shlbpnr,  Ho *r«b-7 11103,  Vast 
Bangs!,  INDIA. 

HgTa/OATa  saparlattloss  (SL'a)  hart  raosivsd  a  grant  daal  af 
attantloa  sines  1979  «ban  thay  aara  fix  at  soggastad  aa  a 
promising  naw  nets  rials  far  long-wavs  lsngth  infraSed  datso- 
tora  and  othar  apto-alootronio  applications*  lha aa  faatnraa 
arlaa  front  tha  uoAqua  aazs-band  gap  notarial  HgTs  aad 
dlraot  bnad-gap  aaaiorinrtuotor  CdTa  abaaa  snargy  band  atruo- 
tnrs  ooold  ba  daaorlbad  by  thxae  batd  Ua  aadal.  dll  tba 
aoxka  have  boon  rapartad  with  tba  aaaoaptioa  that  tba  lntsr- 
faaaa  botaean  tba  lajara  ara  aharply  dafinad  with  aara 
thloknaaa,  aa  aa  to  ta  dareld  mj  latarfaoa  affaota.  Braa  aa 
lata  mail lata  patantlal  raglaa  axlata  far  tba  aasrlara  abiob 
Influaneaa  all  tba  tranapert  pnapartlaa. 

It  la  sail-known  that  at  fiald  atraagtb  af  tba  azdar  of 
10^  T/a,  tba  patantlal  barriar  at  tba  surfaces  af  natal, 
allaya  and  semiconductor  bataroatroeturaa  usually  baoona  *htn 
aad  raaalt  In  fiald  anlaalon  af  tba  alaotrooa  dua  ta  tuaaal 
affaet.  la  tba  praaant  popor^Xas  studied  tba  nacaete  fiald 
anlaalon  fran  HgTa/OdTa  SI  md  aonparad  tha  aaa  with  tba 
balk  apaolnana  af  aenatltatlng  natarlala.  9m  fiald  anlttad 
currant  danaity  lnoraoaaa  with  alaatran  concentration  mad 
fiald  atrangtb  In  m  aaolllatoxy  Banner.  9m  fiald  anlaalon 
In  HgTe/CdTe  SL  la  graatar  than  that  af  tba  oanatittttlng 
aatarlala  and  tba  thaacatloal  raaulta  ara  In  agtaanant  with 
tba  azparlnantal  aboarwatlona  aa  rapartad  alaaabara.  . 

E8.10 

INVESTIGATION  OF  LIQUID  ENCAPSULANT  FOR  CdTa 
AND  CdxHg}_xTe  MELT.  Vang  Cnlhao  and  Wu  Wen- 
]lsi.  Departs ent  of  Matarlaln  Science,  Shanghai 
Unlweralty  of  Sclenca  and  Tacbnology,  Jladlng, 
Shanghai  200160,  Chinn. 

Tba  LEG-  tscnnlque  haa  uot  bean  a hi a  to  ba  uaad 
auccasnfully  for  tha  cryatal  growth  of  II-VI 
compounds  duo  to  tha  lack  of  auitahla  encapou- 
lar.t  having  tha  following  characteristics  at 
thi  crystal  pulling  tenparaturos  lower  salting 
point  than  the  crystal  grown,  ssallwr  specific 
gravity  than  the  II-VI  compound  Belt,  high 
boiling  point,  low  vapor  pressure,  transparent, 
wetting  the  Si02  container  and  toe  II-VI  nelt, 
but  not  reacting  with  then  nor  lntwraoluhlw 
with  the  II-VI  nelt.  The  eneapwulant  generally 
used  for  the  III-V  compounds,  B2O3,  has  not  ail 
thssw  characteristics. 

According  tottha  shows  requirements,  among  tha 
IA-  and  IIA-halldea  only  tha  chlorides  can  ba 
conaldarad.  Tharwodyn&nlc  calculation  shows  that 
IA  and  III  elements  can  not  be  replaced  froa 
their  chlorides  by  Hg  or  Cd,  and  that  IA-  or  IIA- 
chl'orldes  does  not  react  with  SlOp.  A  lot  of 
mixtures,  each  conposed  of  two  chlorides,  sera 
tasted.  The  ewtectlw  cowpoaitiea  of  these  nix- 
turws  were  selected  to  lower  the  salting  point. 
Experimental  results  show  that  froa  thea  three 
slxturas  of  chlorides  can  satisfy  the  demands  of 
the  encapsulant  for  CdTe  and  Cd^gx_xTe  salt. 

E8.ll 

MBE  GROWTH  AND  CHARACTERIZATION  OF  HIGH  QUALITY 
EPITAXIAL  Hg^xCclxTe  THIN  FILMS.  M  B.  Lbb  J.  De 
Carlo,  D.  Di  Marzio,  and  M.  Kesselman,  Grumman 
Corporate  Research  Center,  M/S  A02-026,  Bethpage,  N.Y. 
11714 


Reproducible  and  highly  uniform  epilayers  of 
Hgi_xCdxTe  up  to  11  pm  thick  have  been  grown  on  (100) 
CdTe  substrates  using  molecular  beam  epitaxy.  These 


epilayers  were  characterized  in  detail  using  a  wide 
variety  of  structural,  optical,  and  electronic 
techniques.  Compositions  as  low  as  x=0.153  have  been 
achieved  with  sharp  IR  absorption  cutoffs  and  good 
uniformity  over  a  1cm  x  1cm  square  area.  Double 
crystal  x-ray  rocking  curve  measurements  indicate  that 
the  epilayers  are  of  good  crystallinity.  Hall  mobility  of 
as-grown  epilayers  is  - 106  cm2/Vsec  while  the  carrier 
concentration  is  ~1015cnr3  at  10  K.  In  addition,  EDAX 
scanning  electron  microscopy  data,  as  well  as 
preliminary  results  of  temperature  dependent  EXAFS 
measurements  will  be  presented.  Corresponding 
characterization  of  these  epilayers  after  post  growth 
Hg  vapor  annealing  will  also  be  discussed. 

E9.1 

FREE- CARRIER  INDUCED  OPTICAL  NONLINEARITIES  IN  NARROW 
BANDGAP  SEMICONDUCTORS.  S.  V.  Auvany  and  P.  A.  Wolff', 
Massachusetts  Institute  of  Technology,  Cambridge,  MA  02139 

We  have  studied  a  variety  of  fast,  free-carrier  induced  third  order  optical 
nonlinearities  in  semiconductors  by  four-wave  mixing  experiments  using 
COj  lasers.  Among  the  materials  studied,  HgTe  and  HgCdTe  compounds 
yielded  the  largest  nonlinearities,  partly  because  of  their  small  energy 
bandgaps  and  effective  masses.  Third  order  nonlinear  optical  susceptibilities 
in  excess  of  2  x  10-*  esu  have  been  observed  in  HgCdTe  epitaxial  layers. 
Free  carrier  nonlinear  processes  are  fast,  with  relaxation  times  in  the 
picosecond  range.  They  are  capable  of  inducing  huge  perturbations  in  the 
dielectric  function  because  they  do  no  saturate  at  high  laser  intensities,  as 
the  slower  processes  do.  The  large  nonlinearities  we  observe  are  nonresonant 
and  operate  at  room  temperature.  They  do  not  require  exact  matching  of 
the  material  parameter  to  the  light  frequency,  although  optimizing  the 
energy  band  structures  in  superlattices  can  further  enhance  the  optical 
nonlinearity.  These  nonlinear  processes  have  potential  application  in  optical 
data  processing. 

*  Present  address:  NEC  Research  Institute,  Princeton,  NJ. 

E9.2 

NARROW-GAP  NONLINEAR  OPTICAL  MATERIALS.  E.  R. 
Youngdale,  C.  A.  Hoffman,  J.  R.  Meyer,  and  F.  J.  Bartoli,  Naval  Re¬ 
search  Laboratory,  Washington,  D.  C.;  J.  W.  Han,  J.  W.  Cook,  Jr., 
and  J.  F.  Schetzina,  North  Carolina  State  University,  Raleigh,  NC; 
A.  Martinez,  Naval  Surface  Weapons  Center,  Silver  Spring,  MD. 

We  discuss  an  experimental  study  of  optical  nonlinearities  in  HgTe- 
CdTe  superlattices  grown  by  MBE  and  Pbl_ISntSe  grown  by  hot- 
wall  epitaxy.  These  systems  are  attractive  candidates  for  nonlinear 
optical  applications,  since  the  electron  effective  masses  are  very  light 
in  the  region  near  zero  energy  gap.  Third-order  nonlinear  suscep¬ 
tibilities  (X(3>)  have  been  determined  by  the  non-degenerate  four- 
wave  mixing  technique,  using  a  pair  of  grating-tuned,  Q-switched 
COj  lasers.  Measurement  of  the  dependence  of  x^3)  on  frequency 
difference  Aw  has  yielded  relaxation  times  (r)  for  the  dominant 
nonlinear  mechanisms.  In  the  superlattices  r  is  found  to  decrease 
with  increasing  energy  gap,  reaching  a  value  of  «  1  ps  in  the  wider 
gap  samples.  Open-gap  superlattices  show  a  stronger  dependence 
on  laser  power  and  temperature  than  do  zero- gap  superlattices,  in 
agreement  with  a  theoretical  calculation  based  on  the  optical  heat¬ 
ing  of  carriers.  x<3)  up  to  4  x  10-5  esu  is  observed.  A  large  x(3)  is 
also  obtained  in  Pbo.sSno.jSe  (as  2  x  10-5  esu).  The  nonlinear  prop- 
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erties  were  studied  in  a  Fabry- Perot  configuration,  and  enhancement 
of  the  four-wave  signal  will  be  discussed.  The  optical  nonlinearities 
in  both  HgTe-CdTe  superlattices  and  Pbi-xSnrSe  films  show  no 
saturation  at  power  densities  up  to  400  k W/cm2. 

E9.3 

TRANSPORT  PROPERTIES  OF  Hg-BASED  SUPERLATTICES. 
C.  A.  Hoffman.  J.  R.  Meyer,  and  F.  J.  Bartoli,  Naval  Research  Lab¬ 
oratory,  Washington,  D.  C. 

The  present  understanding  of  band  edge  and  free  carrier  properties 
in  Hg-based  superlattices  such  as  HgTe-CdTe  is  reviewed.  We  em¬ 
phasize  the  large  number  of  striking  experimental  results  that  have 
been  demonstrated  in  this  material  system,  such  as  extremely  high 
hole  mobility,  equal  electron  and  hole  mobilities,  mass  broadening 
of  holes  and  a  double  transition  of  the  superlattice  from  semicon¬ 
ducting  to  semimetallic  and  back  to  semiconducting  with  increas¬ 
ing  HgTe  well  width.  These  results  are  related  to  distinctive  as¬ 
pects  of  the  superlattice  band  structures  obtained  theoretically.  One 
finds  that  nearly  all  of  the  main  experimental  results  are  qualita¬ 
tively  consistent  with  band  structures  calculated  assuming  a  large 
valence  band  offset,  but  are  difficult  to  explain  if  the  offset  is  small. 
The  band  structure  for  Hg-based  superlattices  thus  appears  to  be 
fairly  well  understood,  and  the  theoretical  results  imply  a  number 
of  unique  properties  which  are  not  attainable  in  other  materials. 
Potentially,  these  may  be  exploited  in  new  types  of  devices. 

E9.4 

HgTe-CdTe  MULTIPLE  QUANTUM  WELLS.  C.  A.  Hoffman,  D. 
J.  Arnold,  J.  R.  Meyer,  and  F.  J.  Bartoli.  Naval  Research  Labora¬ 
tory,  Washington,  D.  C.;  Y.  Lansari,  J.  W.  Cook,  Jr.,  and  J.  F. 
Schetzina,  North  Carolina  State  University,  Raleigh,  NC. 

A  series  of  high-quality  HgTe-CdTe  multiple  quantum  wells  have 
been  grown  by  MBE  onto  lattice-matched  [100]  Cdi_IZnITe  sub¬ 
strates.  While  most  previous  studies  of  the  HgTe-CdTe  system  have 
involved  superlattices  with  relatively  thin  (<  60  A)  CdTe  barri¬ 
ers,  the  as  100  A  barriers  of  the  present  samples  prevent  significant 
tunneling  between  neighboring  wells.  Since  the  energy  bands  then 
have  no  dispersion  in  the  growth  direction,  the  “mass-broadening” 
phenomenon  which  has  a  large  effect  on  the  transport  and  magneto¬ 
optical  properties  of  HgTe-CdTe  superlattices,  is  eliminated.  De¬ 
tailed  magneto- transport  measurements  as  a  function  of  magnetic 
field  and  temperature  have  been  treated  by  a  mixed  conduction  anal¬ 
ysis.  Accurate  energy  gaps  have  been  obtained  from  the  temperature 
dependence  of  the  intrinsic  carrier  density.  Although  samples  with 
well  thicknesses  dw  =  68  and  160  A  are  found  to  have  gaps  near 
zero,  an  energy  gap  of  16  meV  has  been  determined  for  a  structure 
with  intermediate  dw  (128  A).  This  represents  the  first  experimen¬ 
tal  confirmation  of  a  second  semiconducting  region  which  had  been 
predicted  theoretically.  We  also  find  that  for  the  range  of  well  thick¬ 
nesses  studied,  the  temperature  at  which  the  electron  mobility  has 
its  peak  is  more  sensitive  to  the  band  structure  than  to  the  particular 
scattering  mechanisms.  Due  to  the  negative  temperature  coefficient 
of  the  effective  mass,  pi„  in  thick-well  samples  increases  with  T  well 
into  the  region  where  phonon  scattering  dominates  the  momentum 
relaxation. 

E9.5 

ELECTRIC  HELD  EFFECTS  IN  HG-BASED  AND  NON-HG- 
BASED  II-VI  SEMICONDUCTOR  QUANTUM  WELLS*.  Zu 
Yang.  J.  F.  Schetzina.  Physics  Department,  North  Carolina  State 
University,  Raleigh,  NC.  27695-8202 

We  report  here  a  theoretical  study  on  the  effects  of  an  external 
electric  field  applied  across  an  asymmetric  quantum  well  (QW) 
structure  composed  of  II- VI  semiconductors.  An  asymmetric  QW 
structure  is  made  of  two  thin  well  layers  with  different  thicknesses 


separated  by  a  thin  barrier  layer  and  sandwiched  between  two  barrier 
layers.  Each  layer  thickness  is  -  30  -  100  A.  Several  QW’s  made  of 
different  II-VI  semiconductors  were  studied  to  explore  their 
applications  in  electroopdcs  at  wavelengths  ranging  from  0.5  to  10 
(tin. 

A  typical  structure  studied  is  a  Hg-based  multi-QW  with  two  well 
layers  of  Cdo.uHgo.82Te  (75 A)  and  Cdo.1gHgo.82Te  (lOOA), 
separated  by  a  Cdo.8jHgo.15Te  (30A)  barrier  layer  and  sandwiched 
between  two  Cdo.85Hgo.ijTe  layers.  At  zero  electric  field,  the  band 
gap  of  the  QW  structure  is  120  meV  at  T  =  300  K  which 
corresponds  to  a  10  pm  absorption  edge.  The  band  gap  changes  by 
more  than  25  meV  when  the  field  strength  is  increased  to  100 
KV/cm.  Whether  the  band  gap  increases  or  decreases  depends  on 
the  direction  of  the  applied  field.  Similar  QW's  with  higher  x-value 
can  cover  the  wavelength  region  up  to  1  pm.  CdMnTe  can  be  used 
as  a  barrier  material  for  even  shorter  wavelengths.  In  the  green  and 
blue  spectral  region,  ZnTe/ZnSe  QW’s  can  be  used.  Large  band  gap 
shifts  exist  in  all  the  asymmetric  QW’s  studied. 

Potential  applications  of  these  QW's  include  high  speed  optical 
modulators  for  fiber  optic  telecommunication,  nonlinear  optical 
devices,  and  even  logic  units  with  lasers,  detectors  and  modulators 
all  fabricated  on  a  single  substrate. 

*  This  work  was  supported  by  NSF  through  grant  DMR-88- 13525 
and  DARPA  contract  DAAL03-87-K-0153 

E9 . 6 

NEW  DEVELOPMENTS  IN  II-VI-BASED  DILUTED 
MAGNETIC  SEMICONDUCTORS.  J.  K.  Furdvna  and  N. 
Samarth,  Physics  Department,  University  of 
Notre  Dame,  Notre  Dame,  IN  46556. 

The  most  commonly  studied  diluted  magnetic 
semiconductor  ( DMS)  alloys  belong  to  the 
A\'.xMnxB'r'  family  of  materials.  These  systems 
have  been  investigated  for  several  years,  and 
have  been  extensively  reviewed.  In  this  paper, 
we  describe  recent  developments  in  both  bulk  and 
epitaxial  growth  of  II-VI -based  DMS  alloys, 
focusing  on  two  nascent  areas  of  research:  a) 
crystal  phases  such  as  cubic  (zinc-blende) 
Cdi-xMnxSe  which  were  previously  inaccessible 
by  conventional  bulk  growth  techniques  but  which 
can  be  stabilized  by  molecular  beam  epitaxy  and 
b)  DMS  alloys  such  as  Cdi-*Fe«Se  and  Zni-»Co»Se 
that  contain  the  magnetic  ions  Fea-  and  Coa* 
instead  of  Mna~.  We  will  describe  the  growth  of 
these  systems,  and  their  characterization  by 
x-ray  diffraction,  transmission  electron 
microscopy,  reflectivity,  magnetization,  Raman 
scattering  and  neutron  scattering. 

E9.7 

MAGNETIC  PROPERTIES  OF  NOVEL  lll-V  DILUTED  MAGNETIC  SEMI¬ 
CONDUCTORS.  S.  von  Molndr.  H.  Munekata.  H.  Ohno  and  L.  L. 
Chang,  IBM  Research  Division,  T.  J.  Watson  Research  Center. 
Yorktown  Heights,  NY  10598,  USA. 

The  temperature  and  magnetic  field  dependence  of  the  semiconduc¬ 
tors  InAs  and  GaAs  containing  up  to  10%  Mn  are  reported.  All  sam¬ 
ples  were  ~  2-um  thin  films  prepared  by  molecular  beam  epitaxy 
(MBE)  at  growth  temperatures  varying  between  150-400*C  (1).  Major 
results  may  be  summarized  as  follows:  1)  The  magnetization  of  the 
materials  are  extremely  sensitive  to  small  (~50*C)  changes  In  growth 
temperature;  2)  Higher  growth  temperatures  lead  to  two  distinguish¬ 
able  contributions  to  the  magnetization.  The  major  component  is 
ferromagnetic  with  Teai300K.  similar  to  MnAs.  while  the  remainder 
obeys  a  Curle-Welss  law;  3)Lower  growth  temperature  leads  to  alloy 
formation  as  evidenced  by  typical  Curle-Weiss  behavior  with 
©p*22±5K  and  Curie  constant  C=r0.01  ±  0.001 5K~’  for  a  sample 
containing  9%  Mn.  These  properties  will  be  compared  to  the  more 
conventional  diluted  II-VI  systems. 

(1)  H.  Munekata  et.  at.,  submitted  to  10th  MBE  Workshop.  Raleigh. 
N.C.,  September  1989. 
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E9.8 

TEW  STUDY  CF  DEFECTS  IN  CdTe/CdMnTe  SUFEHLATTICES  CN  (100) 
InSb.  S  Diamond  4  J  W  Steeds.  Physics  Department, 
University  of  Bristol ,  Bristol  S8  1TL,  UK 


QfTe/CdxMn1_xlte  super lattices  with  x  *  0.2  and  well/barrier 
thicknesses  ranging  from  20k  to  30QA  were  examined  via  plan 
and  cross-sectional  ISM  in  analytical  instruments  capable 
of  EDX  and  CL.  Misfit,  inclined  and  threading 
dislocations  were  observed  with  a  net  density  of  around 
109cm-.2 

It  was  observed  that  the  sense  of  the  (111)  plane  involved, 
in  terms  of  the  CdTe  crystal  polarity,  affected  the 

behaviour  of _ these  dislocations.  These  dislocations 

running  on  C 111) ^  B__type  Te  terminated  planes  tended  to 
dissociate  into  5  <112>  type  Shockley  partials  with  the 
generation  of  a  stacking  fault,  whereas  those  on  (111)  A 
type  terminated  planes  did  not.  No  correlation  was  seen 
between  quantum  well  thickness  and  defect  density  and  the 
good  quality  of  interface  sharpness  and  quantum  well 
thicknesses  were  not  affected  by  dislocations. 

In  this  system  the  lattice  mismatch  of  ''■4.10  3  between 
Cd«.(  Mn01  Te  and  CdTe  is  more  important  than  that  of 
2.5  10~4  between  CdTe  and  InSb.  Consequently,  of  the 

misfit  dislocations  observed,  most  were  seen  at  the 
interface  between  the  CdTe  and  CdtttTe  buffer  layers,  and 
within  the  superlattice  rather  than  at  the  substrate  and 
CdTe  interface.  This  suggests  that  half  loop  dislocations 
glide  in  from  the  surface  rather  than  frcm  sources  within 
the  crystal. 

E9.9 

m  AND  Ga  AUTODOPING  OF  CdMnTe  EPILAYERS  GROWN  ON 
InSb  AND  GaAs  SUBSTRATES.  J.J.  Dubowskl.  J.M.  Wrobel, 

S.  Rode.  Laboratory  for  Microstructural  Sciences,  NRCC,  Ottawa, 
Canada,  JA  Jackman,  Metals  Technology  Laboratories,  CANMET, 
Ottawa,  Canada;  and  J.H.  Mazur,  University  of  Southern  California, 
Materials  Science  and  Engineering  Department  Los  Angeles,  CA. 

Epitaxial  layers  of  Cdt.  MnxTe  (  0  1  x  <  0.60  )  were  grown  on 
(111)  GaAs  and  (001)  InSb  substrates  by  pulsed  later  evaporation 
and  epitaxy  (PLEE).  Autodoping  of  the  layers  with  In  end  Ga,  and 
the  quality  of  the  interface  were  both  investigated  with  secondary 
ion  mass  spectroscopy  (SIMS),  low-temperature  photoluminescence 
(PL)  and  high  resolution  transmission  electron  microscopy 
(HRTEM).  The  layers  were  grown  at  a  rate  of  -  1  pm/h  on 
substrates  held  at  temperatures  ranging  from  200  to  300  *C.  The 
study  were  carried  out  on  as -grown  layers  and  samples  annealed 
at  -too  -  700  *C. 

A  significant  concentration  of  Ga  and  In  was  found  in  the  layers 
grown  on  both  GaAs  and  InSb  substrates.  This  confirms  earlier 
observations  concerning  CdTe  grown  on  GaAs  and  InSb.  Ion 
imaging  studies  revealed  that  Ga  and  In  moat  often  accumulate 
near  the  Him  surface  at  localized  spots  of  up  to  about  5  pm  x  5  pm 
in  size.  Sometimes  channels  of  accumulated  Ga  and  In  Impurities 
extended  from  the  surface  to  the  layer -substrate  Interface. 
Annealing  of  the  samples  does  not  ssam  to  affect  the  size  of 
precipitated  hot  spots'  at  Ga  and  In,  however,  It  causes  the 
average  concentration  of  Ga  and  in  In  the  layers  to  Incrsas#  above 
10"  cm'1. 

Photoiumlnsscencs  spectra  show  that  In  some  cases  annealing 
replaces  the  sharp  exdtonic  fines  with  e  broad  band  at  a  lower 
energy.  Most  Mealy  this  band  results  from  the  formation  of  Ga  and 
In  related  complexes 

E9.10 

PHOTOLUMINESCENCE  STUDIES  OF  DILUTED 
MAGNETIC  SEMICONDUCTORS  UNDER  HYDROSTATIC 
PRESSURE:Cd|.xMnxTe.  M.  Prakash,  M.  Chandrasekhar,  and  H.R. 


Chandrasekhar,  University  of  Missouri,  Columbia,  MO ;  I.MiotkowsIri  and 
A.K.  Ramdas,  Purdue  University,  W.  Lafayette,  IN. 

We  report  photoluminescence  studies  of  the  diluted  magnetic  semiconductor 
alloy  Cdj.xMnxTe  for  x=  0.05, 0.15  and  0.20,  under  hydrostatic  pressure 
in  a  diamond  anvil  cell  at  5  to  100K.  The  alloys  were  p-doped  so  as  to 
allow  a  study  of  the  acceptor  bound  magnetic  polaron  (ABMP).  We  can 
clearly  observe  the  A°X  and  the  e-A°  transitions.  The  separation  between 
these  transitions  has  a  Coulombic  part  (which  is  temperature  independent) 
and  a  magnetic  part  (which  decreases  with  increasing  temperature) 1 .  The 
magnetic  part  is  due  to  the  binding  energy  of  the  ABMP. 

We  rind  that  the  separation  between  the  exciton  and  e-A°  decreases  as  a 
function  of  pressure  (from  47  to  40  meV  for  x  =  0.05).  This  is  clearly  not  a 
lattice  constant  effect,  since  a  decreasing  separation  beween  Mn2+  ions 
would  increase  the  binding  energy.  We  expect  mechanisms  such  as 
changes  in  the  dielectric  constant,  exchange  integrals  and  wavefunction 
overlap  to  play  competing  roles.  The  pressure  coefficients  of  both  the 
exciton  and  the  e-A°  transition  have  a  predominantly  linear  term,  and  small 
sublinear  bowing. 

*  M.  Bugajski,  P.  Becla,  P.A.  Wolff,  D.  Heiman  and  L.  R.  Ram-Mohan,  Phys. 
Rev.  B  38,  10512(1988). 

The  work  at  the  University  of  Missouri  was  supported  by  the  U.S.  Army 
Research  Office  under  grant  number  DAAL03-86-K0083  and  the  U.S.DOE  under 
grant  number  DE-AC02-84ER45048;  the  work  at  Purdue  University  was 
supported  by  the  National  Science  Foundation  giant  number  DMR-85-20866. 

E10.1 

OBSERVATION  OF  Mn*  TRIPLET  CLUSTERS  AND  NON- 
NEAREST  NEIGHBOR  EXCHANGE  EFFECT  IN  (CcLMn)Te.  Xiaomei 
Wang.  D.  Heiman,  S.  Foner,  and  P.  Becla,  MTT  Francis  Bitter  National 
Magnet  Laboratory,  Cambridge,  MA  02139 

Diluted  magnetic  semiconductors  are  excellent  hosts  for  the  study  of  the 
quantum  structures  of  spin  clusters.  Here  we  provide  quantitative  evidence 
of  magnetic  ion  triplet  clusters  and  of  the  saturation  of  magnetic  ion  pairs. 
Magnetization  measurements  using  a  Faraday  rotation  technique  on 
Cd,.,MnITe  up  to  60  T  at  liquid  helium  temperature  are  reported.  The 
magnetic  fields  were  furnished  by  the  pulscd-rield  facility  at  the  MIT 
Francis  Bitter  National  Magnet  Laboratory. 

For  x  »  0. 1 ,  the  measured  magnetization  M(B)  versus  field  B  is  composed 
of  three  different  linear  regimes.  The  increase  of  slope  at  -30  T  corre¬ 
sponds  to  the  onset  of  open  triplet  clusters,  and  the  decrease  of  the  slope 
at  -52  T  is  attributed  to  the  saturation  of  pairs.  The  experimental  data  is 
compared  to  calculated  contributions  from  different  types  of  clusters  in  a 
nearest-neighbor  cluster  model.  Overall  good  agreement  is  obtained. 

Further-neighbor  interactions  are  included  by  introducing  an  average 
exchange  bias  field  A.  This  bias  field  is  more  pronounced  in  the  present 
experiment,  with  higher  x  and  higher  B  than  previous  pair-step  experi¬ 
ments.  By  quantitative  analysis  of  the  data  for  pairs,  we  find  a  linear 
relation  between  A  and  M.  independent  of  x  (for  x  £  0.1).  This  relation 
allows  us  to  determine  the  coupling  constant  of  next-nearest-neighbor 
interactions,  Jyki  *  -1.1  K,  within  a  mean-field  model. 


This  work  was  supported  by  NSF  under  Grant  No.  DMR-8807419,  and 
DARPA-N00014-86-0760. 

E10.2 

THE  EFFECT  OF  DZYALOSHINSKI-MORIYA  INTERACTION  ON 
THE  MAGNETIZATION  OF  DILUTE  MAGNETIC  SEMICONDUC¬ 
TORS.  C.  R.  McIntyre*,  M.I.T.;  P.  A.  Wolff, M. I. T, 
Cambridge,  MA;  Y.  sKapira ,  Tufts  University, 
Medford,  MA. 


A  theoretical  investigation  of  the  effect  $f 
Dzyaloshinski-Moriya (DM)  interaction  on  Mn  spin 
pairs  will  be  presented.  The  D M  interaction  is 
an  anisotropic  superexchange  mechanism  responsible 
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for  weak  ferromagnetism  in  antiferromagnetic 
insulators.3-  Recently,  theoretical  and  experimen¬ 
tal  investigations  on  dilute  magnetic  semiconduc¬ 
tors  (DMS)  have  focused  on  DM  interactions. ^ 

This  interaction  can  couple  states  of  different 
total  spin,  thereby  affecting  the  magnetization 
of  DMS.  We  investigate  the  coupling  of  the  ground 
state  S=0  to  the  S=1  level  for  Mn+*  pairs  in  the 
presence  of  a  magnetic  field.  Calculations  have 
shown  the  field-  and  superexchange-dependent 
energies  and  eigenstates  of  spin  pairs.  The  dif¬ 
ferential  magnetization  has  been  calculated  and 
will  be  compared  with  results  from  pulsed  magnetic 
field  experiments.  Implications  for  spin-lattice 
relaxation  via  the  DM  interaction  will  be 
mentioned. 


aspects  for  epitaxial  growth  of  semiconductors  alloyed  with  transition 
metals  and  doped  with  impurities.  Doping  of  II- VI  semiconductors  relies 
on  targets  of  ZnjPi  or  Zn,Asj  for  p-doping,  and  GaSe  or  InSe  for  n-doping. 
We  report  results  for  these  systems  grown  by  laser  ablation  techniques. 

Work  supported  by  NSF  DMR-8807419  and  DARPA  N00014-86-0760. 
E10.5 

PHOTOLUMINESCENCE  OF  ZnSe  FILMS  AND  ZnSe/ZnMnSe 
STRAINED  LAYER  SUPERLATTICES  UNDER  HYDROSTATIC 
PRESSURE.  Judah  A.  Tuchman,  Zhifeng  Sui,  Irving  P.  Herman. 
Department  of  Applied  Physics,  Columbia  University,  New  York,  NY; 
R.  L.  Gunshor,  School  of  Electrical  Engineering,  Purdue  University, 
West  Lafayette,  IN;  L.  A.  Kolodziejski,  Department  of  Electrical 
Engineering,  Massachusetts  Institute  of  Technology,  Cambridge,  MA. 


*IBM  Graduate  Fellow 

1.  v .  Moriya,  in  Magnetism,  ed.  G.T.  Rado  and  H. 
Suhl, (Academic  Press,  New  York,  1963), vol.  1. 

2.  B.  E.  Larson,  Ph.D.  thesis,  Harvard  Univ.,1988. 

3.  Y.  Shapira  et  al.,  to  be  published  in  Solid 
State  Communications. 

E10.3 

IN-SITU  STUDIES  OF  SEMIMAGNETIC 
HETEROJUNCTION  PARAMETERS.  Xiaohua  Yu.  A. 
Raisanen,  G.  Haugstad,  N.  Troullier,  and  A.  Franciosi, 
Dept,  of  Chemical  Engineering  and  Materials  Science, 
University  of  Minnesota,  Minneapolis,  MN  55455. 

We  have  conducted  a  systematic  study  of  Ge-Cd1.„MnxTe 
heterostructures  prepared  in-situ  by  deposition  of 
polycrystalline  Ge  onto  atomically  clean 
Cd1.xMn„Te(110)  surfaces.  We  examined  by  means  of 
high  resolution  synchrotron  radiation  photoemission  the 
valence  band  offset  AEV  as  a  function  of  the  substrate 
composition  x  (x-0,  0.35,  and  0.60)  and  bandgap  Eg 
(Eg-1 .47,  1.93,  and  2.13  eV),  and  probed  atomic 
interdiffusion  across  the  interface  by  monitoring  the 
coverage-dependence  of  the  characteristic  overlayer 
and  substrate  core  emission.  We  find  AEv-0.54±0.15eV 
in  all  cases,  no  dependence  of  AEV  on  substrate  Eg 
within  experimental  uncertainty,  no  evidence  of  Te-Ge 
interdiffusion,  and  limited  Cd  outdiffusion  in  the  Ge 
overlayer.  These  findings  indicate  that  within  the  range 
of  validity  of  the  transitivity  rule, 
Cd1.xMnxTe-Cd,.yMnyTe  heterojunctions  may  actually 
follow  the  much  maligned  common-anion  rule. 

E10.4 

NOVEL  PROPERTIES  OF  MAGNETIC  SEMICONDUCTORS 
GROWN  BY  MONOLAYER  DEPOSITION  USING  LASER-TARGET 
ABLATION.  X.-L.  Zheng.  C.A.  Huber,  and  D.  Heiman,  MIT  Francis 
Bitter  National  Magnet  Lab.,  Cambridge,  MA  02139 

Ordered  crystal  structures  such  as  Cd,MnTe,  have  several  advantages. 
Short-range  ordering  of  magnetic  ions  in  CujGeMnS,  has  been  shown  to 
give  magnetic  enhancements  (10X),  which  may  lead  to  similar  enhance¬ 
ments  in  (CdJMn)Te  of  magneto-optical  properties  like  Faraday  rotation 
and  magnedcally-tunable  lasers.  Although  being  more  difficult  to  achieve, 
long-range  ordering  of  the  cations  in  alloys  like  (Zn,Mn)Se  or  (In.Ga)As 
should  reduce  alloy-related  carrier  scattering  and  level  broadening.  This 
is  important  for  effects  that  require  resonant  energy  levels.  One  method 
of  generating  such  ordering  is  by  sequential  layering  of  different  atomic 
monolayers  using  epitaxial  crystal  growth.  Layer-by-layer  growth  using 
laser-ablated  targets  has  some  advantages  over  other  epitaxial  techniques 
like  MBE  A  multiple-target  UHV  growth  apparatus  at  MIT  exploits  these 


Strained  and  unstrained  ZnSe  films  and  ZnSe/ZnMnSe  strained  layer 
superlattices  grown  on  GaAs  by  molecular  beam  epitaxy  have  been  studied 
by  photoluminescence  (PL)  as  a  function  of  hydrostatic  pressure. 
Measurements  were  made  at  9  K  up  to  pressures  of  ~  40  kbar  using  a 
diamond  anvil  cell  The  energy  of  each  of  the  excitonic  features  of 
unstrained  ZnSe  films  was  found  to  increase  by  -  6.4  meV/kbar,  while 
those  in  ZnSeZZno.67Mno.33Se  SSL’s  appeared  to  increase  slower  with 
pressure,  -  6.0  meV/kbar.  Moreover,  the  broad  and  asymmetric  PL 
spectrum  of  this  SSL  at  ambient  pressure  was  found  to  become  narrower 
and  more  symmetric  with  increasing  pressure. 

This  work  was  supported  at  Columbia  by  the  Joint  Services  Electronics 
Program  Contract  DAAL03-88-C-0009  and  at  Purdue  by  the  Office  of 
Naval  Research  Contract  N00014-82-K0563. 
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MAGNETO-OPTICAL  STUDIES  OF  ZnFeSe/ZnSe/ZnFeSe 
QUANTUM  WELL  STRUCTURES.  X.  Liu  and  A.  Petrou, 
SUNY  at  Buffalo,  NY;  B.T.  Jonker,  G.A.  Prinz  and 
J.J.  Krebs,  NRL,  Washington,  D.C. ;  and  J.  Wamock, 
IBM,  Yorktown  Heights,  NY. 


Magneto-reflectance  studies  were  carried  out  on 
three  ZnFeSe/ZnSe/ZnFeSe  quantum  well  structures 
with  L(ZnFeSe)  -10oX  and  L(ZnSe)  -100,150  and  200A 
grown  by  MBE.  The  Fe  molar  concentration  was  0.1. 
The  spin  splittings  of  the  heavy  hole  excitons 
were  studied  at  T=4.2K  in  magnetic  fields  up  to 
8T,  The  heavy  hole  excitons  in  the  Faraday 
geometry  split  into  two  components.  A  lower  energy 
one  with  polarization  6+(-3/2 — >-1/2)  and  a  higher 
component  with  polarization  6_(3/2 — >1/2).  The  two 
components  show  a  marked  asymmetric  behavior  as 
function  of  magnetic  field  B.  The  6^.  component 
shows  a  strong  magnetic  red  shift,  and  becomes 
weaker  with  increasing  field.  The  6-  component,  on 
the  other  hand,  initially  shows  a  magnetic  blue 
shift  up  to  B— 2T  and  then  saturates.  This  behavior 
can  be  quantitatively  understood  as  follows:  The 
magnetic  field  induced  splitting  of  the  heavy 
holes  inside  the  ZnFeSe  layers  overwhelms  the 
zero-field  band  off-set  at  a  relatively  modest 
applied  field.  The  -3/2  holes  become  localized  in 
the  ZnFeSe  layers  while  the  +3/2  holes  remain  in 
the  ZnSe  layer.  In  the  conduction  band,  however, 
the  two  spin  components  of  the  electrons  remain 
localized  in  the  ZnSe  layer.  This  results  in  type- 
I  behavior  for  the  6-and  type-II  for  the  6* 
components  of  the  heavy  hole  excitons.  The 
asymmetry  associated  with  the  spin  segregation  of 
the  heavy  holes  provides  an  accurate  measure  of 
the  valance  band  offset  in  this  system. 


E10.7 

TRANSITION  METAL  DONOR  LEVELS  IN  II- VI  SEMICONDUC¬ 
TORS.  D-  Heiman.  M.  Dahl,  J.  Perkins,  X.  Wanj,  X.-L.  Zheng,  and  P. 
Bee  la,  MIT  Francis  Bitter  National  Magnet  Lab.,  Cambridge.  MA  02139; 
K.  Smith,  J.  Marsella,  K.  Dwight  and  A.  Wold,  Chemistry  Department 
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Brown  University,  Providence,  RI  02912;  A.  Mycielski,  Institute  of 
Physics,  Academy  of  Science,  Warsaw 

Transition  metal  impurities  (Sc,  V,  Ti,  Fe)  provide  dense  donor  levels  in 
fl-VI  semiconductors.  We  examine  two  configurations  —  donor  levels 
that  lie  above  the  conduction  band  (e.g.  HgSe:Fe  and  CdTerSc)  and  midgap 
donor  levels  (e.g.  CdSerFe  and  ZnSe:V).  In  HgSe:Fe  the  mixed-valence 
Fe27Fe*  system  allows  for  Coulomb  repulsion  between  Fe1"  ionized 
donors  which  induces  spatial  charge  ordering.  We  report  results  of  studies 
of  2D  heterostrucnnes  such  as  CdSe:Fe/HgSe  in  which  the  screening  donor 
electrons  are  removed  from  the  Fe2*  in  the  CdSe  barrier  layer  and  fall  into 
the  2D  quantum  well  in  the  HgSe  layer.  This  type  of  2D  structure  shows 
charge-ordered  mobility  enhancements  at  temperatures  higher  than  those 
observed  in  3D  materials.  In  other  systems,  in  which  the  transition  metal 
has  a  mid-band  gap  donor  level,  an  important  process  is  the  optical 
transition  [Fe*  — » conduction  band]  and  the  transition  [valence  band  — > 
Fe*].  Examples  of  optical  pumping  on  these  systems  will  be  presented. 


Supported  by  DMR-8601345,  DMR-8813164,  NSF  DMR-8807419  and 
DARPA  N000 14-86-0760. 

E10.8 

MAGNETIC  STUDY  OF  Fe-BASED  II-VI  DILUTED  MAGNETIC 
SEMICONDUCTORS.  H.J.M.  Swagten.  Department  of  Physics, 
Eindhoven  University  of  Technology,  The  Netherlands,  A. 
Tvrardowski,  Institute  of  Experimental  Physics,  Warsaw  University, 
Poland,  C.E.P.  Gerrits  and  W.J.M.  de  Jonge,  Department  of  Physics, 
Eindhoven  University  of  Technology,  The  Netherlands. 


The  Fe-based  Diluted  Magnetic  Semiconductors  (DMS)  represent  a 
novel  class  of  materials.  In  contrast  to  Mn,  the  additional  electron  of 
the  3d*-configuration  of  the  Fe1*  occupies  e-orbitals  located  above 
the  valence  bands.  The  position  of  the  energy  levels  of  the  magnetic 
ions  with  respect  to  the  band  structure  is  generally  assumed  to  be 
intimately  related  to  the  character  and  strength  of  the  d-d 
interaction.  On  the  other  hand,  Wei  and  Zunger  have  suggested  a 
negligible  hybridization  of  these  states  with  the  band  structure  and 
consequently,  the  energy  gap  of  Fe-DMS  should  not  influence  the 
magnetic  properties  drastically. 

Magnetically,  various  compounds  of  the  II-VI  group  Fe-DMS  have 
been  studied  in  a  detailed  way,  such  as  Zn(Fe)Se,  Zn(Fe)S,  Cd(Fe)Se 
and  Hg(Fe)Se.  In  all  these  systems  it  seems  that  for  low  Fe 
concentrations  the  magnetic  properties  are  dominated  by  the 
crystal-field  induced  singlet  ground  state  of  the  Fe2‘-ion.  It  should 
also  be  emphasized  that  no  effect  of  the  energy  gap  is  clearly  visible  in 
the  data,  which  is  consistent  with  the  above-mentioned  small 
hybridization  of  the  e-orbitals.  The  thermodynamic  properties  can,  in 
principle,  be  described  by  the  crystal-field  model  including  an  AF 
interaction  between  the  spins,  which  is  roughly  a  factor  two  larger 
than  it  was  for  Mn. 

For  higher  concentrations  evidence  for  the  AF  interaction  between  Fe 
ions  is  visible,  for  instance  in  the  decrease  of  the  excess  specific  heat 
per  Fe-ion  with  the  Fe-concentration,  but  also  in  the  strong 
reduction  of  the  magnetization.  For  Zn(Fe)Se  in  high  magnetic  fields, 
the  crystal-field  model  predicts  steps  in  the  magnetization,  at 
Bs  35  T,  which  is  not  reflected  by  the  data.  In  this  respect,  the  role  of 
the  orientation  of  the  sample  will  be  discussed. 

E10.9 

ENERGY  LEVEL  SPECTRA  OF  TRANSITION  METAL  IONS 
IN  DILUTED  MAGNETIC  SEMICONDUCTORS  Murielle 
Villeret,  S.  Rodriguez,  Purdue  University,  West  Lafayette,  IN; 
and  E.  Kartheuser,  University  de  Liege,  Liege,  Belgium. 

We  present  a  study  of  the  low  lying  energy  levels  of  Fe34',  Co3+, 
Ni3*  and  Cu3+  in  diluted  magnetic  semiconductors  such  as 
Cd^COjTe  and  Cdi_„CoxSe  and  their  counterparts.  In  the 
first  of  these  compounds  the  magnetic  ion  sits  on  a  site  of  sym¬ 
metry  T4  while  in  the  second  the  symmetry  is  trigonal  (Cjt). 

We  develop  a  formulation  that  permits  a  continuous  variation 
from  Tji  to  CjT  symmetry.  Comparison  with  experimental  data 
in  Cdl_ICo,Se  shows  that  the  C5,  distortion  amounts  to  about 
10%  of  the  crystal  potential  at  the  Co3+  site.  Our  study  of  the 
energy  spectra  of  FeJ+  in  Tj  and  CJv  crystal  potentials  reveals 


that,  even  in  the  cubic  field,  the  levels  exhibit  an  anisotropy 
which  manifests  itself  in  an  anisotropy  of  the  magnetization,  M, 
in  the  regime  in  which  M  is  not  a  linear  function  of  the  magnetic 
field  B.  The  study  includes  all  the  levels  in  the  lowest  terms  of 
the  (3d)“  (n=6,7,8,9)  configurations.  The  calculations  are  car¬ 
ried  out  to  second  order  in  the  spin-orbit  interaction  and  in  3  for 
the  lowest  orbital  states  and  to  first  order  in  B  for  the  excited 
states.  The  g-factors  of  all  the  levels  are  obtained  including  their 
anisotropy  for  the  Co3+  and  Cu3+  T,  states. 

This  work  supported  by  the  National  Science  Foundation  (Grant 
No.  DMR  86-16787)  and  by  the  North  Atlantic  Treaty  Organi¬ 
zation  (Research  Grant  No,  0759/87). 
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RAMAN  SPECTROSCOPY  OF  A  NOVEL  DILUTED  MAG¬ 
NETIC  SEMICONDUCTOR:  CUBIC  Cd^.Mn^Se.  R..G. 
Alonso,  E.-K.  Suh,  H.  Pascher*,  E.  Oh  and  A.K.  Ramdas.  Pur¬ 
due  University,  West  Lafayette,  IN;  and  N.  Samarth,  H.  Luo  and 
J.K.  Furdyna,  University  of  Notre  Dame,  Notre  Dame,  IN. 

In  contrast  to  the  bulk  diluted  magnetic  semiconductor  (DMS) 
Cdj_xMnxSe  which  occurs  with  the  wurtzite  structure,  its  epi- 
layers  grown  on  (001)  GaAs  substrate  by  Molecular  Beam  Epi¬ 
taxy  exhibit  the  cubic  zinc  blende  structure  [Samarth  et  a i. 
Appl.  Phys.  Lett.  54^  2680  (1989)].  Raman  spectroscopy  and 
photoluminescence  studies  on  this  novel  DMS  show  (1)  a  "two 
mode"  behavior  of  the  zone  center  optical  phonons,  (2)  large 
Raman  shifts  associated  with  the  spin-flip  of  donor-bound  elec¬ 
trons  and  (3)  huge  Zeeman  shifts  of  an  exci tonic  component. 
The  large  magnetic  field  dependence  in  (2)  and  (3)  and  satura¬ 
tion  at  high  fields  and  low  temperatures  show  that  the  large  sp-d 
exchange  interaction  characteristic  of  DMS’s  is  also  manifested 
strikingly  in  the  zinc  blende  phase  of  Cd1_IMnISe.  The  paper 
will  also  present  results  on  superlattices  consisting  of 
Cd0  9Zn0  jSe/Cd09Mn0  ,Se  and  Cd,  9Mn0  jSe/ZnSe  where  the 
constituent  layers  have  the  zinc  blende  structure. 

*  Permanent  address:  University  of  Bayreuth,  Federal  Republic 
of  Germany. 

Research  supported  by  DARAP-URI  (ONR  Contract  No. 
N00014-86-K-0760);  NSF  Grant  Nos.  DMR-86-16787  and  DMR- 
85-20866. 

E10.ll 

THE  INFLUENCE  OF  Fe  DONORS  IN  HgSa  ON  FREE -CARRIER 
SCATTERING  MECHANISM.  Qian  Dingrong,  Zhang 
Jiaain.  Zhou  Qun,  Liu  Run,  Lab  for  Infrarad 
Phyaica,  Shanghai  Inatituta  of  Technical  Physics, 
Acadaaia  Sinica,  China;  W.  Szuazkiewicz ,  Inatituta 
of  Expariaantal  Phyaica,  Warsaw  Univarsity, 
Warsaw,  Poland;  A.  Mycialaki ,  Inatituta  of 
Phyaica,  Scianca  Acadaaia  of  Poland,  Waraaw, 
Poland. 

It  waa  pravioualy  raportad  that  Dingla  taaparatura 
in  HgSa  saapla  with  iron  concantration  highar  than 
about  5x10*®  ca~3  strongly  dacraaaas  at  low 
taaparatura  whila  tha  alactron  nobility  apparantly 
incraaaaa.  Thia  haa  boon  accounted  for  by  a  nodal 
of  "charge-auper lattico”  foraad  by  tha  ionizad 
resonant  Fa  donora  in  tha  lattice  of  crystal.  Tha 
space  ordering  of  ionizad  Fa  donors,  in  return, 
excludes  tha  low-aoaentun-transfer  scattering 
processes,  and  hanca  should  substantially  affect 
fraa-earriar  absorption  in  view  of  tha  fact  that 
tha  axchanga  of  aoaantua  with  lattice  is  crucial 


for  a  band  alactron  to  ba  axcitad  by  a  photon  to 
highwr  atata  in  anargy  band. 

A  coapr ahans i  v»  infrarad  study  on  Hg3a : Fa  saaplas 
with  Fa  concantration  ranging  froa  1.5x1 01®  cm'3 
to  7x10*®  ca“3  has  baan  parforaad,  for  tha  first 
tiaa.  in  tha  taaparatura  ranga  1.8K<T<300K  for 
transaission  spactra,  and  at  rooa  taaparatura  for 
reflectivity  spactra,  respectively.  It  has  baan 
found  that  tha  scattaring  aachanisa  in  saaplas 
with  Fa  dansity  lass  than  5x1 01®  caT3  is  ionized- 
iapurity  seattaring  at  all  aaasurad  taaparaturas , 
Mhila  it  is  no  longar  ionizad-iapurity  scattaring 
at  low  taaparaturas  for  saaplas  with  Fa  dansity 
highar  than  5x1 01®  ca~3.  This  is  a  naw  evidence  of 
tha  "charga-suparlattica”  aodal. 

It  has  also  baan  found  that  Druda  thaory  dascribaa 
tha  aaasurad  fraa-carriar  absorption  and 
reflectivity  in  HgSe:Fe  vary  wall  and  tha 
pradoainant  scattaring  aachanisa  at  rooa 
taaparatura  is  ionizad-iapurity  scattaring  for  all 
saaplas.  Bowavar,  for  saaplas  with  Fa  dansity  lass 
than  5x1 01®  ca~3,  tha  daaping  paraaatars  ara 
wavalangth-dapandant ,  whila  for  saaplas  with  Fa 
dansity  highar  than  5x1 01®  c»"3,  tha  daaping 
paraaatars  ara  wavelength- independent  which  naans 
that  tha  carriars  in  saaplas  ancountar  scattaring 
differently.  In  othar  words,  tha  aoaantua 
ralaxation  tiaa  changas  froa  energy-dependent  to 
energy- independent  whila  tha  Farai  laval  is 
approaching  Fa  laval. 

In  conclusion.  Fa  ions  play  a  raaarkabla  rola  in 
tha  scattaring  procaasas  in  HgSa. 


E10.12 

FREE  EXCITON  MAGNETOSPECTROSCOPY  OF  CdFeSe  DILUTED 
MAGNETIC  SEMICONDUCTOR.  A ■ Twardowski .  K. Pakula, 
Institute  of  Exp. Physics,  Warsaw 
University , Warsaw,  Poland,  M.Arciszewska, 
A.Mycielski,  Institute  of  Physics,  Polish  Academy 
of  Sciences, Warsaw,  Poland 

A  novel  class  of  Fe-based  Diluted  Magnetic 
Semiconductors  (DMS)  attracted  recently  a 
considerable  interest.  The  Fe*  *  substitutional 
ions  in  these  compounds  posses  both  spin  and 
orbital  momenta  (S  =  2,  L*2) ,  which  leads  to 
substantially  different,  in  respect  to  Mn-based 
DMS,  magnetic  behaviour  of  these  materials.  The 
optical  properties,  specially  those  concerning  the 
s-d  exchange  interaction  between  the  Fe  ions  and 
the  band  electrons,  are  relatively  unexplored  yet. 
In  particular  the  s-d  exchange  involving  valence 
band  electrons  (which  is  related  to  d-d  exchange 
between  the  Fe  ions)  has  been  studied  only  for 
cubic  2nFeSe  so  far.  In  this  paper  we  report  the 
free  exciton  magnetospectroscopy  results  for 
hexagonal  Cdi-*Fe*Se  (x<0.08)  obtained  at  T=1.9K 
and  magnetic  fields  up  to  5T,  for  both  magnetic 
field  parallel  and  perpendicular  to  the  crystal  c 
axis.  Strong  exciton  splitting  in  a  magnetic  field 
is  observed,  generally  in  accordance  with  the 
situation  encountered  for  ZnFeSe.  The  exciton 
splittings  reveal  strong  anisotropy  depending  on 
magnetic  field  orientation,  as  expected  for 
hexagonal  crystals.  Combining  the  spectroscopic 
data  with  the  magnetization  measured  on  the  very 
same  samples  we  determine  the  s-d  exchange 
interaction  parameters  for  CdFeSe.  We  also  discuss 
the  chemical  trends  of  the  s-d  and  d-d  parameters 
within  the  Fe-based  DMS  class. 
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SYMPOSIUM  F  presentations 
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in  the  Suffolk  Room, 
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8:30  *F1 . 1 

THE  ELECTRONIC  AND  OPTICAL  PROPERTIES  OF 
DIAMOND;  DO  THEY  FAVOUR  DEVICE  APPLICATIONS? 
A.T.  Collins.  King's  College  London,  Wheat¬ 
stone  Physics  Laboratory,  London,  United 
Kingdom. 

9:00  *F1 . 2 

ATOMIC  HYDROGEN  IN  CVD  DIAMOND  GROWTH, 
Thomas  R ,  Anthony .  General  Electric  Cor¬ 
porate  Research  and  Development  Center , 
Schenectady,  NY. 

9:30  FI. 3 

THERMODYNAMICS  AND  THE  CVD  OF  DIAMOND, 

Walter _ A.  Yarbrough.  Pennsylvania  State 

University,  Materials  Research  Laboratory, 
University  Park,  PA. 

9:45  FI. 4 

STUDIES  OF  DIAMOND  GROWTH  PROCESSES  FROM 
CHEMICAL  VAPOR  DEPOSITION,  C.  Judith  Chu, 
Benjamin  J.  Bai,  Robert  H .  Hauoe .  Mark  P. 
D' Evelyn,  and  John  L.  Margrave,  Rice  Univer¬ 
sity,  Department  of  Chemistry,  Houston,  TX. 

10:00  BREAK 

10:30  FI. 5 

SCANNING  TUNNELING  MICROSCOPY  INVESTIGATION 
OF  DIAMOND  FILMS  ON  HIGHLY  ORIENTATED  PYROL¬ 
YTIC  GRAPHITE  SUBSTRATES,  A.  Peter  Jardine. 
Fen-Chu  Tseng  and  F.F.Y.  Wang,  State  Univer¬ 
sity  of  New  York,  Stony  Brook,  Department  of 
Materials  Science,  Stony  Brook,  NY. 

10:45  FI. 6 

ADSORPTION  OF  HYDROCARBON  RADICALS  ON  THE 
HYDROGENATED  DIAMOND  SURFACE,  Mark  R. 
Pederson .  Kobiar  A.  Jackson  and  Warren  E. 
Pickett,  Naval  Research  Laboratory,  Complex 
Systems  Theory  Branch,  Washington,  DC. 


♦Invited  Paper 

Short  Course  M-06,  "Growth  and  Characteriza¬ 
tion  of  Diamond  and  Diamond-Like  Films,"  may 
be  of  interest  to  symposium  attendees. 
Details  regarding  course  dates  and  instruc¬ 
tors  are  provided  in  the  short  course  sec¬ 
tion  of  this  program. 


11:00  FI. 7 

MICROWAVE  CVD  OF  DIAMOND  USING  METHANOL-RARE 
GAS  MIXTURES,  M.  Buck,  T.J.  Chuang  and  H. 
Seki .  IBM  Almaden  Research  Center,  San 
Jose,  CA. 

11:15  FI. 8 

EFFECTS  OF  02  ADDITION  ON  DIAMOND  GROWTH:  IN 
SITU  SPECIES  MEASUREMENTS  AND  MODELING, 
Stephen  J.  Harris.  General  Motors  Research 
Labs,  Physical  Chemistry  Department,  Warren, 
MI. 

11:30  FI. 9 

MORPHOLOGY  OF  DIAMOND  FILMS  GROWN  BY  DC 
PLASMA  JET  CVD,  Kazuaki  Kurihara.  Ken-ichi 
Sasaki,  Montonobu  Kawarada  and  Nagaaki 
Koshino,  Fujitsu  Laboratories,  Functional 
Material  Laboratory,  Atsugi,  Japan. 

11:45  ELOfl 

OXYGEN  EFFECT  IN  DIAMOND  DEPOSITION  AT  LOW 
TEMPERATURES,  Y.  Liou.  A.  Inspektor,  R. 
Weimer,  D.  Knight,  and  R.  Messier,  The 
Pennsylvania  State  University,  Materials 
Research  Laboratory,  University  Park,  PA. 

SESSION  F2:  DIAMOND  GROWTH 
AND  CHARACTERIZATION 
Tuesday  Afternoon,  November  28 
America  South  (W) 


SYMPOSIUM  F  presentations 
may  be  viewed  simultaneously 
in  the  Suffolk  Room, 
Marriott  Hotel. 


1:30  F2.I 

ELECTRON  CONTROLLED  CHEMICAL  VAPOR  DEPOSI¬ 
TION  OF  DIAMOND  THIN  FILMS  ON  VARIOUS  SUB¬ 
STRATES,  Yona-Hee  Lee .  Klaus  J.  Bachmann, 
and  Jeffrey  T.  Glass,  North  Carolina  State 
University,  Department  of  Materials  Science 
and  Engineering,  Raleigh,  NC. 

1:45  F2.2 

KrF*  LASER-INDUCED  CHEMICAL  VAPOR  DEPOSITION 
OF  DIAMOND,  George  W.  Tyndall  and  Nigel  P. 
Hacker ,  IBM  Almaden  Research  Center ,  San 
Jose,  CA. 

2:00  F2.3 

INVESTIGATIONS  OF  EXCIMER  LASER  EFFECTS  ON 
CVD  DIAMOND  GROWTH,  P.E.  Pehrsson,  H.H. 
Nelson,  F.G .  Celii,  Naval  Research  Labora¬ 
tory,  Washington,  DC. 

2:15  F2.4 

AN  NMR  STUDY  OF  DIAMOND  THIN  FILMS,  Karen  M. 
McNamara  and  Karen  K.  Gleason,  Massachusetts 
Institute  of  Technology,  Department  of 
Chemical  Engineering,  Cambridge,  KA. 

2:30  BREAK 
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2:45  F2.5 

DIAMOND  POLYTYPISM:  DIFFRACTION,  VIBRATION¬ 
AL  BEHAVIOR,  AND  OPTICAL  PROPERTIES,  A.W. 
Phelps .  Diamond  Materials,  Inc.,  state 
College,  PA;  K.E.  Spear,  W.  Howard,  D. 
Huang,  and  W.B.  White,  The  Pennsylvania 
State  University,  University  Park,  PA. 

3:00  F2.6 

DOMAIN  SIZE  DETERMINATION  IN  DIAMOND  THIN 
FILMS,  Y.M.  LeGrice,  R.J.  Nemanich,  North 
Carolina  State  University,  Department  of 
Physics,  Raleigh,  NC. 

3:15  F2.7 

CHARACTERIZATION  OF  THIN  FILM  AND  SINGLE¬ 
CRYSTAL  CVD  DIAMOND  BY  ABSORPTION  AND  LUMI¬ 
NESCENCE  SPECTROSCOPY,  A.T.  Collins.  King's 
College  London,  Wheatstone  Physics  Labora¬ 
tory,  London,  United  Kingdom;  M.  Kamo  and  Y. 
Sato,  NIRIM,  Ibaraki,  Japan. 

3:30  F2.8 

EFFECT  OF  DOPING  WITH  NITROGEN  AND  BORON  ON 
CATHODOLUMINESCENCE  WITH  CVD-DIAMOND , 
Yoshihiro  Yokota.  Hiroshi  Kawarada,  Yusuke 
Mori,  and  Akio  Hiraki,  Osaka  University, 
Department  of  Electrical  Engineering, 
Faculty  of  Engineering,  Suita,  Osaka,  Japan. 

3:45  BREAK 

4:00  F2.9 

PHOTOLUMINESCENCE  SPECTROSCOPY  OF  DIAMOND 
FILMS,  J.A.  Freitas,  Jr..  Sachs/Freeman 
Associates,  Landover,  MD;  J.E.  Butler,  S.G. 
Bishop,  Naval  Research  Laboratory,  Washing¬ 
ton,  DC;  W.A.  Carrington,  University  of 
South  Florida,  Tampa,  FL;  and  U.  Strom, 
Naval  Research  Laboratory,  Washington,  DC. 

4:15  F2.1fl 

CW  FOUR-WAVE  MIXING  IN  SYNTHETIC  DIAMOND, 
D.A.  Redman  and  S.C.  Rand,  University  of 
Michigan,  Department  of  EECS,  Ann  Arbor,  MI. 

4:30  F2.ll 

MODELLING  OF  A  Ag/DIAMOND/n-GaAs  PHOTODIODE 
WITH  GRATING  COUPLING  OF  THE  INCIDENT  LIGHT 
TO  SURFACE  PLASMA  WAVES,  D.  Barman.  M. 
Rahman,  A.S.  Karakashian,  A.  Altshuler  and 
S.  Broude,  University  of  Lowell,  Department 
of  Physics  and  Applied  Physics,  Lowell,  MA. 

4:45  F2.12 

OPTICAL  CHARACTERIZATION  OF  NICKEL  IN  DIA¬ 
MOND,  M.H.  Nazar6,  A.J.  Neves,  Universidade 
de  Aveiro,  Departamento  e  Centro  de  Fisica, 
Aveiro,  Portugal;  and  Gordon  Davies.  King's 
College  London,  Department  of  Physics, 
London,  United  Kingdom. 


SESSION  F3 :  POSTER  SESSION 
Tuesday  Evening,  November  28 
7:00  p.m.-  10:00  p.m. 

America  Ballroom  (W) 

F3.1  A  STUDY  OF  THE  ELECTRONIC  STRUCTURE 

NEAR  INDIVIDUAL  DISLOCATIONS  IN  DIAMOND  BY 
ENERGY  LOSS  SPECTROSCOPY,  J.  Bruley.  and 
P.E.  Batson,  IBM  T.J.  Watson  Research  Cen¬ 
ter,  Yorktown  Heights,  NY. 

F3.2  CHARACTERIZATION  OF  HEAVY  METAL 

CONTAMINATION  IN  DIAMOND  FILMS  USING  SIMS 
AND  TOTAL  REFLECTION  X-RAY  FLUORESCENCE 
( TXRF ) ,  R.S.  Hockett.  Charles  Evans  and  As¬ 
sociates,  Redwood  City,  CA;  and  James 
Knowles,  Crystallume,  Inc.,  Menlo  Park,  CA. 

F3.3  MODELLING  OF  DIAMOND  HETEROSTRUC¬ 

TURES  FOR  ELECTRO-OPTICAL  APPLICATIONS,  A. 
Altshuler,  S.  Broude,  C.  Hantzis.  A.S. 
Karakashian,  University  of  Lowell,  Physics 
Department,  Lowell,  MA. 

F3.4  INFRARED  AND  RAMAN  CHARACTERIZATION 

OF  THE  HYDROGEN  ENVIRONMENTS  IN  DIAMOND  AND 
DIAMOND-LIKE  FILMS.  Y.M.  LeGrice.  E.C. 
Buehler,  R.J.  Nemanich,  North  Carolina  State 
University,  Department  of  Physics,  Raleigh, 
NC;  J.T.  Glass,  North  Carolina  State  Univer¬ 
sity,  Department  of  Materials  Science  and 
Engineering,  Raleigh,  NC;  K.  Kobashi,  Kobe 
Steel,  Ltd.,  Electronics  Technology  Center, 
Kobe,  Japan;  F.  Jansen  and  M. A.  Machonkin, 
Xerox  Corporation,  Webster,  NY. 

F3.5  ELECTRONIC  STRUCTURE  AND  ENERGY 

PARAMETERS  OF  DIAMOND  NUCLEI  -  A  FIRST 
PRINCIPLES  CLUSTER  APPROACH,  A.  Altshuler, 
M.  Wilner.  C.C.  Ai  and  Y.C.  Yang,  University 
of  Lowell,  Physics  Department,  Lowell,  MA. 

F3.6  EFFECT  OF  DIFFERENT  H2-CH„  GAS 

COMPOSITIONS  ON  THE  MORPHOLOGY  AND  GROWTH 
RATE  OF  DIAMOND  GROWN  BY  HOT  FILAMENT  CVD, 
Edward  N.  Farabauqh  and  Albert  Feldman, 
National  Institute  of  Standards  and  Technol¬ 
ogy/  Optical  Materials  Group,  Gaithersburg, 
MD. 

F3.7  DEPOSITION  OF  DIAMOND  FILMS  BY  A 

SCANNING  OXYGEN-ACETYLENE  FLAME,  Yonhua 
Tzeng.  Calvin  Cutshaw  and  Richard  Phillips, 
Auburn  University,  Electrical  Engineering 
Department,  Auburn,  Alabama. 

F3.8  ENHANCEMENT  OF  DIAMOND  SP3  BONDING 

IN  RF  SPUTTERED  CARBON  FILMS  WITH  NITROGEN 
GAS  ADDED,  C.J.  Torng .  T.  Yeh,  J.M. 
Sivertsen,  University  of  Minnesota,  Depart¬ 
ment  of  Chemical  Engineering  and  Materials 
Science,  Minneapolis,  MN;  and  J.H.  Judy, 
University  of  Minnesota,  Department  of 
Electrical  Engineering,  Minneapolis,  MN. 


* 


194 


4 


F3.9  IMPORTANCE  OF  FILAMENT  REACTIVITY 

FOR  CVD  DIAMOND  GROWTH,  M.  Sommer  and  F.W. 
Smith,  City  College  of  New  York,  Department 
of  Physics,  New  York,  NY. 

F3.10  HIGH-RATE  DEPOSITION  OF  DIAMOND  BY 
DC  ARC  DISCHARGE  IN  HYDROGEN-METHAN  MIXTURE 
GAS,  Xiana-Liu  Jiang.  Beijing  Institute  of 
Science  and  Technology,  Beijing,  China; 
Fang-Qing  Zhang,  Ying-Hu  Yang,  Jing-Qi  Le 
and  Bing  Yang,  Lanzhou  University,  Depart¬ 
ment  of  Physics,  Lanzhou,  China. 

F3-11  INTRA-  AND  INTERGRANULAR  FRACTURE 
OF  DIAMOND  THIN  FILMS,  H.A.  Hoff.  A. A. 
Morrish,  J.E.  Butler,  B.B.  Rath,  Naval 
Research  Laboratory,  Washington,  DC;  W.A. 
Carrington,  University  of  Florida,  Tampa, 
FL. 

F3.12  APPLICATION  OF  A  THERMOBALANCE  FOR 

STUDYING  DEPOSITION  KINETICS  OF  DIAMOND 
FILMS,  Jerrv  Czarnecki  and  David  Thumim, 
Cahn  Instruments,  Cerritos,  CA. 

F3.13  FAR  INFRARED  LASER  MEASUREMENTS  OF 

DIAMOND  FILMS,  Lawrence  P.  Bourqet.  Richard 
S.  Post,  Applied  Science  and  Technology, 
Inc.,  Woburn,  MA;  Robert  Giles,  Andrew 
Gatesman  and  Greg  Phillips,  Lowell  Univer¬ 
sity,  Department  of  Physics,  Lowell,  MA. 

F3.14  CHARACTERIZATION  OF  HOLLOW-CATHODE 

DC  DISCHARGE  GROWTH  OF  DIAMOND,  H.N.  Chu, 
A.R.  Lefkow,  R.  Redwing,  L.w.  Anderson.  M.G. 
Lagally  and  J.E.  Lawler,  University  of 
Wisconsin,  Department  of  Physics,  Madison, 
WI. 

F3.15  FREE-STANDING  CVD  DIAMOND  SHAPES 
AND  COATINGS,  Donald  E.  Patterson.  Robert  H. 
Hauge  and  John  L.  Margrave,  Rice  University 
and  the  Houston  Area  Research  Center,  The 
Woodlands,  TX. 

F3.16  ( ABSTRACT  WITHDRAWN ) 

F3-17  LASER  ASSISTED  TECHNIQUES  FOR 
DIAMOND  AND  DIAMONDLIKE  THIN  FILMS, 
Krishnaswamy .  A.  Rengan,  G.  Matera,  M. 
Longo,  A.  Srivatsa  and  J.  Narayan,  North 
Carolina  State  University,  Department  of 
Materials  Science  and  Engineering,  Raleigh, 
NC;  and  R.  Nemanich,  North  Carolina  State 
University.  Department  of  Physics,  Raleigh, 
NC. 

ELJJ1  LASER-FLASH  METHOD  FOR  INVESTIGAT¬ 
ING  THE  THERMAL  CONDUCTIVITIES  OF  DIAMOND 
THIN  FILMS  SYNTHESIZED  BY  EA-CVD,  Yang 
Peichun,  Pu  Xin,  Xuan  Zhenwu,  Qi  Lichang, 
Research  Institute  of  Synthetic  Crystals, 
Beijing,  China;  and  Hou  Li,  Pennsylvania 
State  University,  Materials  Research  Labora¬ 
tory  and  Department  of  Engineering  Science 
and  Mechanics,  University  Park,  PA. 


F3.19  STUDY  FOR  GROWING  DIAMOND  FILMS 
(DF)  ON  SURFACES  OF  VARIOUS  MATERIALS,  Pu 
Xin,  Yang  Peichun,  Xuan  Zhenwu,  Qi  Lichang, 
Research  Institute  of  Synthetic  Crystals, 
Beijing,  China;  and  Hou  Li,  Pennsylvania 
State  University,  Materials  Research  Labora¬ 
tory  and  Department  of  Engineering  Science 
and  Mechanics,  University  Park,  PA. 

SESSION  F4  : _ DIAMOND  FOR  ELECTRONICS 

Wednesday  Morning,  November  29 
America  South  (W) 


SYMPOSIUM  F  presentations 
may  be  viewed  simultaneously 
in  the  Suffolk  Room, 
Marriott  Hotel. 


8:30  *F4 . 1 

HOMOEPITAXIAL  DIAMOND  FILMS,  M.W.  Geis. 
Lincoln  Laboratory,  Massachusetts  Institute 
of  Technology,  Lexington,  MA. 

9:00  F4.2 

ELECTRICAL  PROPERTIES  OF  HOMOEPITAXIAL 
DIAMOND  FILMS,  G.Sh.  Gildenblat.  S.A.  Grot, 

C. W.  Hatfield,  C.R.  Wronski,  A.R.  Badzian, 
T.  Badzian,  and  R.  Messier,  The  Pennsylvania 
State  University,  University  Park,  PA. 

9:15  F4 . 3 

IN-SITU  CHARACTERIZATION  OF  THIN  POLYCRYS¬ 
TALLINE  DIAMOND  FILM  QUALITY  BY  THERMAL  WAVE 
AND  RAMAN  TECHNIQUES,  R.W.  Pryor .  P.K.  Kuo, 
L.  Wei,  R.L.  Thomas,  and  P.L.  Talley,  Wayne 
State  University,  Institute  for  Manufactur¬ 
ing  Research  and  Department  of  Physics, 
Detroit,  MI. 

9:30  F4.4 

REGROWTH  OF  RADIATION  DAMAGED  LAYERS  IN 
DIAMOND  PRODUCED  BY  ION  IMPLANTATION  AT 
LIQUID  NITROGEN  TEMPERATURE,  G.S.  Sandhu,  B. 
Liu,  M.L.  Swanson,  University  of  North 
Carolina,  Department  of  Physics  and  Astrono¬ 
my,  Chapel  Hill,  NC;  and  W.K.  Chu,  Univer¬ 
sity  of  Texas,  Texas  Center  for  Superconduc¬ 
tivity,  Houston,  TX. 

9:45  F4.5 

D. C.  AND  A.C.  CONDUCTIVITY  OF  DIAMOND  FILMS, 
G.A.  Sokolina.  A. A.  Botev,  L.L.  Bouilov, 
S.V.  Bantsekov,  O.I.  Lazareva,  and  I.G. 
Teremetskaya ,  Institute  of  Physical  Chemi¬ 
stry  of  the  Academy  of  Sciences  of  the  USSR 
Moscow,  USSR. 

10:00  BREAK 


195 


10:30  F4.6 

SELECTIVE  NUCLEATION  BASED  EPITAXY  OF  CVD 
DIAMOND  AND  ITS  APPLICABILITY  TO  SEMICON¬ 
DUCTING  DEVICE,  H.  Kawarada.  J.S.  Ma,  Osaka 
University,  Faculty  of  Engineering,  Suita, 
Osaka,  Japan?  T.  Yonehara,  Canon  Inc. 
Tamura,  Hiratsuka,  Kanagawa,  Japan;  Y. 
Yokota,  Y.  Mori,  J.  Wei,  and  A.  Hiraki , 
Osaka  University,  Faculty  of  Engineering, 
Suita,  Osaka,  Japan. 

10:45  EA.t.7. 

ELECTRICAL  PROPERTIES  OF  THIN  FILM  AND  BULK 
DIAMOND  TREATED  IN  HYDROGEN  PLASMA,  Sacharia 
Albin  and  Linwood  Watkins,  Old  Dominion 
University,  Department  of  Electrical  and 
Computer  Engineering,  Norfolk,  VA. 

11:00  F4.8 

DEEP  LEVEL  TRANSIENT  SPECTROSCOPY  STUDY  OF 
THIN  FILM  DIAMOND,  K,  Srikanth  and  S.  Ashok. 
Pennsylvania  State  University,  Department  of 
Engineering  Science  and  Mechanics  and  Center 
for  Electronic  Materials  and  Processing, 
University  Park,  PA;  A.  Badzian,  T.  Badzian 
and  R.  Messier,  Pennsylvania  State  Univer¬ 
sity,  Materials  Research  Laboratory,  Univer¬ 
sity  Park,  PA. 

11:15  r.4.».9 

N-TYPE  DOPING  AND  DIFFUSION  OF  IMPURITIES  IN 
DIAMOND,  S.  Kaiihara.  A.  Antonelli  and  J. 
Bernholc,  North  Carolina  State  University, 
Department  of  Physics,  Raleigh,  NC. 

11:30  F4.10 

DEPOSITION  AND  CHARACTERIZATION  OF  UNDOPED 
AND  NITROGEN-DOPED  DIAMOND  THIN  FILMS, 
Joseph  B.  Milstein.  University  of  Lowell, 
Department  of  Electrical  Engineering,  Lo¬ 
well,  MA;  Lian  Li,  Ye-Yung  Teng  and  Anatoly 
M.  Altshuler,  University  of  Lowell,  Depart¬ 
ment  of  Physics  and  Applied  Physics,  Lowell, 
MA. 

11:45  E4ulH 

DOPING  OF  DIAMOND  BY  CO-IMPLANTATION  OF 
DOPANT  ATOMS  WITH  CARBON,  G.S.  SandhU,  M.L. 
Swanson,  University  of  North  Carolina, 
Department  of  Physics  and  Astronomy,  Chapel 
Hill,  NC;  and  W.K.  Chu,  University  of  Hous¬ 
ton,  Texas  Center  for  Superconductivity, 
Houston,  TX. 


££S.SIPN  F5= _ ELECTRICAL  PROPERTIES  AND 

DEVICES  IN  DIAMOND  AND 
DIAMOND-LIKE  MATERIALS 
Wednesday  Afternoon,  November  29 
America  South  (W) 


SYMPOSIUM  F  presentations 
may  be  viewed  simultaneously 
in  the  Suffolk  Room, 
Marriott  Hotel. 


1:30  *F5 . l 

ELECTRONIC  PROPERTIES  OF  DIAMOND/NICKEL  AND 
DIAMOND/BORON  NITRIDE  INTERFACES,  Warren  E. 
Pickett  and  Steven  C.  Erwin,  Naval  Research 
Laboratory,  Washington,  DC. 

2:00  F5.2 

PSEUDOMORPHIC  DIAMOND,  PREDICTIONS  OF  STRUC¬ 
TURE  AND  PROPERTIES,  A.M.  Altshuler  and  A.S. 
Karakashian,  University  of  Lowell,  Physics 
Department,  Lowell,  MA. 

2:15  F5.3 

CYCLIC-CLUSTER  MINDO/3  COMPUTATIONS  OF  THE 
LATTICE  CONSTANT  AND  BAND  STRUCTURE  OF  BCRON 
NITRIDE,  DIAMOND,  SILICON  CARBIDE  AND  RE¬ 
LATED  WIDE  GAP  SEMICONDUCTORS,  Lawrence  C. 
Snvder .  state  University  of  New  York  at 
Albany,  Albany,  NY;  Arthur  H.  Edwards, 
University  of  North  Carolina  at  Charlotte, 
Department  of  Electrical  Engineering,  Char¬ 
lotte,  NC?  and  Peter  Deak,  Physical  In¬ 
stitute  of  the  Technical  University  of 
Budapest,  Hungary. 

2:30  F5.4 

ELECTRICAL  CHARACTERIZATION  OF  METAL  CON¬ 
TACTS  ON  DIAMOND  THIN  FILMS,  D,  NardUCCi. 
J.J.  Cuomo,  C.  Richard  Guarnieri,  and  S.J. 
Whitehair,  IBM  T.J.  Watson  Research  Center, 
Research  Division,  Yorktown  Heights,  NY. 

2:45  ps . 5 

CONTACT  RESISTIVITY  OF  B  DOPED  CVD  GROWN 
DIAMOND  FILMS,  K.  Nishimura.  North  Carolina 
State  University,  Materials  Science  and 
Engineering,  Raleigh,  NC,  and  Kobe  Steel 
Ltd.,  Japan?  K.  Das  and  J.T.  Glass,  North 
Carolina  State  University,  Materials  Science 
and  Engineering,  Raleigh,  NC. 

3:00  F5.6 

METALLIZATION  OF  SEMICONDUCTING  DIAMOND: 
Mo,  Mo/Au,  Mo/Ni/Au,  K.L.  Moazed,  North 
Carolina  State  University,  Raleigh,  NC;  J.R. 
Zeidler  and  M.J.  Taylor,  Naval  Ocean  Systems 
Center,  San  Diego,  CA. 

3:15  F5.7 

PROPERTIES  OF  CVD  DIAMOND-METAL  INTERFACE, 
Yusuke  Mori .  Hiroshi  Kawarada,  Yoshihiro 
Yokota,  and  Akio  Hiraki,  Osaka  University, 
Department  of  Electrical  Engineering,  Facul¬ 
ty  of  Engineering,  Suita,  Osaka,  Japan. 
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3:30 


BREAK 


4:00  *FS . 8 

EPITAXIAL  GROWTH  OF  DIAMOND  AND  DIAMOND 
DEVICES,  Nao-ii  Fuiiroori .  Sumitomo  Electric 
Ind.  Ltd.,  Itami  Research  Laboratory,  Itami, 
Hyogo,  Japan. 

4:30  F5.9 

BLUE  LIKE  DIAMOND  LIGHT  EMITTING  DEVICES  TO 
BE  MASS-PRODUCED,  Masava  Kadono .  Shigenori 
Hayashi,  Kenji  Itoh,  Takashi  Inushima  and 
Shumpei  Yamazaki,  Semiconductor  Energy 
Laboratory  Co.,  Ltd.,  Kanagawa,  Japan. 

4:45  F5.10 

ELECTRICAL  BEHAVIOR  OF  DIFFUSED  IMPURITIES 
IN  DIAMOND  SINGLE-CRYSTALS,  D.  Narducci . 
J.J.  Cuomo,  IBM  T.J.  Watson  Research  Center, 
Yorktown  Heights,  NY. 

5:00  F5.ll 

A  DIAMOND  SILICON  HETEROJUNCTION  DIODE,  C.L. 
Ellison .  Norton  Company,  Salt  Lake  City,  UT; 
R.M.  Cohen,  University  of  Utah,  Materials 
Science  Department,  Salt  Lake  City,  UT;  and 
J.T.  Hoggins,  Norton  Company,  Salt  Lake 
City,  UT. 

5:15  E5..12 

SCHOTTKY  DIODES  FABRICATED  IN  THIN  CARBON 
FILMS  CONTAINING  POLY CRYSTALLINE  DIAMOND 
GRAINS,  G.A.J.  Amaratunaa.  w.I.  Milne,  K.K. 
Chan,  K.J.  Clay,  A.  Putnis  and  M.E.  Welland, 
Engineering  Department,  Cambridge,  United 
Kingdom. 

SESSION  F5 :  ( CONT . )  ELECTRICAL  PROPERTIES 

AND  DEVICES  IN  DIAMOND  AND 
DIAMOND-LIKE  MATERIALS 
Thursday  Morning,  November  30 
America  South  (W) 


SYMPOSIUM  F  presentations 
may  be  viewed  simultaneously 
in  the  Suffolk  Room, 
Marriott  Hotel . 


8:30  E5,13 

THE  IMPACT  OF  0-SiC ,  DIAMOND  AND  C-BN  ON 
power  ELECTRONICS,  Richard  Koba  and  William 
Russell,  Diamond  Materials,  Inc.,  State 
College,  PA. 

8:45  *F5 . 14 

SIMPLE  GRAPHITIC  NETWORK  MODELS  OF  "DIAMOND¬ 
LIKE"  CARBON,  M. A.  Tamor  and  C.H.  Wu,  Re¬ 
search  Staff,  Ford  Motor  Company,  Dearborn, 
MI. 


9:15  F5.15 

DOPING  EFFECT  IN  HYDROGENATED  AMORPHOUS 
CARBON  THIN  FILMS  BY  ION  IMPLANTATION,  S.P. 
Wona .  The  Chinese  University  of  Hong  Kong, 
Department  of  Electronics,  Hong  Kong,  China; 
and  Peng  Shaoqi ,  Zhongshan  University, 
Department  of  Physics,  Guangzhou,  China. 

9:30  F5.16 

OPTICAL  BAND  GAP  OF  DIAMOND-LIKE  CARBON 
FILMS  AS  A  FUNCTION  OF  RF  SUBSTRATE  BIAS, 
Paul  Pastel  and  Walter  Varhue,  University  of 
Vermont,  Department  of  Electrical  Engineer¬ 
ing,  Burlington,  VT. 

9:45  F5.17 

STUDY  OF  AMORPHOUS  CARBON  THIN  FILMS  ON 
METALS,  INSULATORS  AND  SEMICONDUCTORS,  4^. 
Martin .  X.-M.  Wu,  G.-R.  Yang,  A.  Tu,  P. 

Persans  and  T.-M.  Lu,  Rensselaer  Polytechnic 
Institute,  Center  for  Integrated  Electronics 
and  Physics  Department,  Troy,  NY. 

10:00  BREAK 

SESSION  F6 :  SILICON-CARBIDE:  GROWTH. 
CHARACTERIZATION  ELECTRICAL  PROPERTIES. 

AND  DEVICES 

Thursday  Morning,  November  30 
America  South  (W) 


SYMPOSIUM  F  presentations 
may  be  viewed  simultaneously 
in  the  Suffolk  Room, 
Marriott  Hotel. 


10:30  *F6.1 

STEP-CONTROLLED  EPITAXIAL  GROWTH  OF  SiC, 
Hiroyuki  Matsunami .  Tetsuzo  Ueda,  and 
Hironori  Nishino,  Kyoto  University,  Kyoto, 
Japan. 

11:00  *F6 . 2 

EPITAXIAL  GROWTH  AND  DOPING  OF  AND  DEVICE 
DEVELOPMENT  IN  MONOCRYSTALLINE  BETA-SiC 
SEMICONDUCTOR  THIN  FILMS,  Robert  F.  Davis. 
North  Carolina  State  University,  Department 
of  Materials  Science  and  Engineering, 
Raleigh,  NC. 

11:30  F6.3 

INNOVATIVE  LOW-TEMPERATURE  MOCVD  ( LTMOCVD ) 
AND  PLASMA- ENCHANCED  LTMOCVD  ROUTES  TO  THE 
FABRICATION  OF  DEVICE  QUALITY  ELECTRONIC 

materials,  Alain..  Ei _ Kalpyer.ps,  Paul  j. 

Toscano,  Richard  Single  and  Victor  Tul- 
chinsky.  State  University  of  New  York  at 
Albany,  Physics  and  Chemistry  Departments, 
Albany,  NY;  and  Marianne  Holma,  University 
of  Illinois  at  Urbana-Champaign ,  Physics 
Department,  Urbana,  IL. 
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11:45  F6.4 

GROWTH  OF  6H-SiC  ON  CVD-GROWN  3C-SiC  SUB¬ 
STRATES,  Woo  Sik  Voo  and  Hiroyuki  Matsunami, 
Kyoto  University,  Department  of  Electrical 
Engineering,  Kyoto,  Japan. 

SESSION  F6:  £ PONT . )  SILICON-CARBIDE: 
GROWTH. CHARACTERIZATION  ELECTRICAL 
PROPERTIES.  AND  DEVICES 
Thursday  Afternoon,  November  30 
America  South  (W) 


SYMPOSIUM  F  presentations 
may  be  viewed  simultaneously 
in  the  Suffolk  Room, 
Marriott  Hotel. 


1:30  *F6 . 5 

SOME  OBSERVATIONS  ON  THE  ELECTRICAL  CHARAC¬ 
TER  OF  THE  HETEROEPITAXIALLY  GROWN  CUBIC 
Sic,  B.  Molnar  and  G.  Kelner,  Naval  Research 
Laboratory,  Washington,  DC. 

1:45  F<Ll£ 

NATIVE  DEFECTS,  DIFFUSION,  SELF-COMPENSA¬ 
TION,  AND  BORON  DOPING  IN  CUBIC  SILICON 
CARBIDE,  C.  Wana.  J.  Bernholc,  North  Caro¬ 

lina  State  University,  Department  of  Phys¬ 
ics,  Raleigh,  NC;  and  R.F.  Davis,  North 
Carolina  State  University,  Department  of 
Materials  Science,  Raleigh,  NC. 

2:00  F6.7 

DEEP-LEVEL  DOMINATED  ELECTRICAL  CHARACTERIS¬ 
TICS  OF  Au  CONTACTS  ON  0-SiC,  K.  Das.  H.S. 
Kong,  J.B.  Petit,  J.w.  Baumgarner  and  R.F. 
Davis,  North  Carolina  State  University, 
Department  of  Materials  Science  and  Engine¬ 
ering,  Raleigh,  NC;  L.G.  Matus,  National 
Aeronautics  and  Space  Administration,  Lewis 
Research  Center,  Cleveland,  OH. 

2:15  F6_*£ 

A  NEW  DEEP  ACCEPTOR  IN  EPITAXIAL  CUBIC  SiC, 
J.A.  Freitas,  Jr.,  Sachs/Freeman  Associates, 
Inc.,  Landover,  MD;  S.G.  Bishop.  Naval 
Research  Laboratory,  Washington,  DC. 

2:30  F6..9 

ELECTRONIC  STRUCTURE  OF  HIGH  BANDGAP  SEMI¬ 
CONDUCTOR  INTERFACES:  SiC/AIN,  SiC/BP,  C/BN, 
w . R . L .  Lambrecht  and  B.  Segall,  Case  Western 
Reserve  University,  Department  of  Physics, 
Cleveland,  OH. 

2:45  F6.1P 

SILICON  CARBIDE/(In203)x(Sn02) i_x  DEVICES 
FOR  THE  DETECTION  OF  ULTRAVIOLET  RADIATION, 
James  V.  Masi .  Western  New  England  College, 
Springfield,  MA. 

3 : 00  BREAK 


3:15  F6.ll 

OHMIC  CONTACTS  ON  /3-SiC,  M.  Iqbal  Chaudhrv. 
Clarkson  University,  Department  of  Electri¬ 
cal  and  Computer  Engineering,  Postdam,  NY; 
W.B.  Berry  and  M.V.  Zeller,  University  of 
Notre  Dame,  School  of  Engineering,  Notre 
Dame,  IN. 

3:30  F6.12 

HIGH  AND  MEDIUM  ENERGY  ION  SCATTERING  STUDY 
OF  Mo/3C-SiC  CONTACT,  S.  Hara  and  I. 
Ohdomari,  Waseda  University,  Shinjuku-ku, 
Tokyo,  Japan;  W.  Slijkerman,  J.F.  van  der 
Veen,  FOM  Institute,  Amsterdam,  The  Nether¬ 
lands;  S.  Misawa,  E.  Sakuma  and  S.  Yoshida, 
Electrotechnical  Laboratory,  Tukuba-shi , 
Ibaraki,  Japan. 

3:45  F6.13 

DOPED  AMORPHOUS  SiC,  MIXED  CARBIDE  AND 
OXYCARBIDE  THIN  FILMS  BY  A  LIQUID  ROUTE,  C-J 
Chu .  E.  Liimatta  and  J.D.  Mackenzie,  Uni¬ 
versity  of  CA,  Department  of  Material  Sci¬ 
ence  and  Engineering,  Los  Angeles,  CA. 

4:00  F6.14 

LIQUID  PHASE  HOMOEPITAXIAL  GROWTH  OF  4H-SiC 
CRYSTALS  AND  FABRICATION  TECHNIQUES  OF 
BLUISH-PURPLE  LIGHT  EMITTING  DIODES,  Y. 
Ueda .  T.  Nakata,  K.  Koga,  Y.  Matsushita,  Y. 
Fujikawa,  T.  Uetani,  T.  Yamaguchi,  and  T. 
Niina,  Sanyo  Electric  Co.,  Ltd.,  Semiconduc¬ 
tor  Research  Center,  Hirakata,  Osaka,  Japan. 

4:15  BREAK 

SESSION  F7;  OTHER  WIPE  BAND-GAP 
SEMICONDUCTORS— I 
Thursday  Afternoon,  November  30 
America  South  (W) 


SYMPOSIUM  F  presentations 
may  be  viewed  simultaneously 
in  the  Suffolk  Room, 
Marriott  Hotel. 


4:30  »F7t1 

GALLIUM  NITRIDE,  A  WIDE  BAND-GAP  SEMICONDUC¬ 
TOR  ,  Jacques  I.  Pankove.  University  of 
Colorado,  Boulder,  CO. 

5:00  F7.2 

GROWTH  OF  CUBIC  GaN  BY  REACTIVE-ION  MOLECU¬ 
LAR  BEAM  EPITAXY,  R.C.  Powell.  G.A.  Tomasch, 
Y.W.  Kim,  J.A.  Thornton,  and  J.E.  Greene, 
University  of  Illinois,  Coordinated  Science 
Laboratory,  Urbana,  IL. 
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5:15  F7.3 

HETEROEPITAXIAL  GROWTH  AND  CHARACTERIZATION 
OF  GaN  ON  SAPPHIRE  SUBSTRATES,  T.P. 
Humphreys .  C.A.  Sukow  and  R.J.  Nemanich, 
North  Carolina  State  University,  Department 
of  Physics,  Raleigh,  NC;  J.B.  Posthill,  R.A. 
Rudder,  S.V.  Hattangady  and  R.J.  Markunas, 
Research  Triangle  Institute,  Research  Tri¬ 
angle  Park,  NC. 

SESSION  F8:  POSTER  SESSION 
Thursday  Evening,  November  30 
7:00  p.m.  -  10:00  p.m. 

America  Ballroom  (W) 


F8.8  THE  EFFECTS  OF  POWER  DENSITY  ON  THE 
PROPERTIES  OF  DIAMONDLIKE  FILMS,  Shuguang 
Chen,  Shuhan  Lin  and  Yangming  Guo,  Zhongshan 
University,  Department  of  Physics,  Guang¬ 
zhou,  China;  Kaiming  Zhang,  Guangdong  En¬ 
gineering  College,  Chemical  Engineering 
Department,  Guangzhou,  China. 

F8.9  SUBSTRATE  AND  TEMPERATURE  DEPENDENT 
MORPHOLOGY  OF  rf-SPUTTERED  INDIUM  NITRIDE 
FILMS,  T.J.  Kistenmacher .  D.  Dayan,  R. 
Fainchtein,  W.  A.  Bryden  and  T.O.  Poehler, 
The  Johns  Hopkins  University,  Applied  Phys¬ 
ics  Laboratory,  Laurel,  MD. 


F8.1  LOW  TEMPERATURE  SELECTIVE  GROWTH  OF 
0-Si C  USING  SiH2Cl2/C3H8/HCl/H2  GAS  SYSTEM, 
Y.Ohshita.  Fundamental  Research  Laboratory, 
NEC  Corporation,  Kawasaki,  Japan. 

F8.2  ANNEALING  AND  CRYSTALLIZATION 
PROCESSES  IN  A  HYDROGENATED  AMORPHOUS  SILIC¬ 
ON-CARBON  ALLOY  FILM,  D.K.  Basa .  Utkal 
University,  Department  of  Physics,  Bhubanes¬ 
war,  India;  F.  w.  Smith,  The  City  College  of 
New  York,  Dept,  of  Physics,  New  York,  NY. 

F8.3  A  COMPARISON  OF  THE  MICROSTRUCTURE 
OF  SiC  GROWN  ON  (001)  Si,  (111)  Si,  AND  6H- 
SiC  SUBSTRATES  BY  CVD,  J.  Yang,  P.  Pirouz . 
Case  Western  Reserve  University,  Department 
of  Materials  Science  and  Engineering,  Cleve¬ 
land,  OH;  and  J.A.  Powell,  NASA  Lewis  Re¬ 
search  Center,  Cleveland,  OH. 

F8.4  THE  FORMATION  OF  HELICAL  DISLOCA¬ 
TIONS  IN  SILICON  SUBSTRATES  DURING  THE 
EPITAXIAL  DEPOSITION  OF  BETA  SILICON  CAR¬ 
BIDE,  M,  -Window ,  T.T.  Cheng,  and  P.  Pirouz, 
Case  Western  Reserve  University,  Department 
of  Materials  Science  and  Engineering,  Cleve¬ 
land,  OH. 

F8.5  COMPOSITION  AND  STRUCTURE  OF  HIGHLY 
ORIENTED  0-SiC  FILMS  GROWN  ON  Si  SUBSTRATES 
BY  REACTIVE  MAGNETRON  SPUTTERING,  O.U. 
Wahab .  Linkoping  University,  Department  of 
Physics,  Linkoping,  Sweden;  Y.  Yamamoto, 
Linkoping  University,  Department  of  Physics, 
Linkoping,  Sweden,  and  Nippon  Sheet  Glass 
Co.,  Ltd.,  Tsukuba,  Japan;  T.I.  Selinder,  M. 
willander,  and  J.-E.  Sundgren,  Linkoping 
University,  Department  of  Physics,  Linkop¬ 
ing,  Sweden. 

F8.6  GROWTH  OF  EPITAXIAL  SiC  LAYERS  ONTO 
ON-  AND  OFF-AXIS  6H-SiC  SUBSTRATES  BY  ION 
BEAM  DEPOSITION,  K.L.  More,  S.P.  Withrow. 
T.E.  Haynes,  and  R.A.  Zuhr,  Oak  Ridge  Na¬ 
tional  Laboratory,  Oak  Ridge,  TN. 

F8.7  SEM  OBSERVATION  OF  GROWTH  AND 
DEFECT  FORMATION  ON  HETEROEPITAXIALLY  GROWN 
SiC  ON ( 100 )  SILICON,  B.  Molnar  and  L.M. 
Shirey,  Naval  Research  Laboratory,  Washing¬ 
ton,  DC. 


F8.10  TRANSMISSION  ELECTRON  MICROSCOPY  OF 
InN  THIN  FILMS,  J.S.  Morgan.  T.J. 
Kistenmacher,  W.A.  Bryden  and  T.O.  Poehler, 
The  Johns  Hopkins  University,  Applied  Phys¬ 
ics  Laboratory,  Laurel,  MD. 

F8.ll  VIBRATIONAL  SPECTROSCOPY  OF  BORON 
NITRIDE  AT  HIGH  TEMPERATURES  AND  PRESSURES, 
Gregory  J.  Exarhos.  Battelle-Pacif ic  North¬ 
west  Laboratory,  Richland,  WA;  and  Nancy  J. 
Hess,  University  of  Washington,  Mineral 
Physics  Group,  Department  of  Geology,  Seat¬ 
tle,  WA. 

F8.12  MO  CVD  OF  WIDE  BANDGAP  III-V  SEMI¬ 
CONDUCTORS  BY  USING  NOVEL  PRECURSORS,  Kwok- 
Lun  Ho .  Klavs  F.  Jensen,  Massachusetts 
Institute  of  Technology,  Department  of 
Chemical  Engineering,  Cambridge,  MA;  Wayne 
L.  Gladfelter,  David  Boyd,  and  John  Evans, 
University  of  Minnesota,  Department  of 
Chemistry,  Minneapolis,  MN. 

F8.13  THEORETICAL  INVESTIGATION  OF  GRAPH¬ 
ITIC  BeO,  Renata  M.  Wentzcovitch.  University 
of  Chicago,  The  James  Franck  Institute  and 
Department  of  Physics,  Chicago,  IL;  Ales- 
sandra  Continenza  and  Arthur  J.  Freeman, 
Northwestern  University,  Department  of 
Physics  and  Astronomy,  Evanston,  IL. 

SESSION  F9 :  OTHER  WIDE  BAND-GAP 
SEMICONDUCTORS  II 
Friday  Morning,  December  1 
America  South  (W) 


SYMPOSIUM  F  presentations 
may  be  viewed  simultaneously 
in  the  Suffolk  Room, 
Marriott  Hotel. 


9:00  *E3. I 

CUBIC  BORON  NITRIDE  PN  DIODE  MADE  AT  HIGH 
PRESSURE,  Osamu  Mishima.  National  Institute 
for  Research  in  Inorganic  Materials,  Tsuku¬ 
ba,  Japan. 
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9:30  E2_._2 

A  NEW  OPTOELECTRONICS  SEMICONDUCTOR  CUBIC 
BN:  PROPERTIES  OF  N.I.R.I.M.  MADE  CRYSTALS 

AND  POTENTIALITIES,  Koh  Era  and  Osamu 
Mishima,  National  Institute  for  Research  in 
Inorganic  Materials,  Tsukuba,  Ibaraki, 
Japan. 

9:45  F9.3 

CONDUCTIVITY  OF  FILMS  OF  BORON  NITRIDE,  G.A. 
Sokolina .  O.I.  Lazareva,  and  S.V.  Bantsekov, 
Institute  of  Physical  Chemistry  of  the 
Academy  of  Sciences  of  the  USSR,  Moscow, 
USSR;  and  D.  Pott,  Technische  Hochschule, 
Strasse  der  Nationen,  DDR. 

10:00  F9.4 

POLYCRYSTALLINE  a-BN:  STRUCTURE,  CONDUCTION, 
AND  THE  BAND  GAP  ENERGETIC  STATES,  V.V. 
Lopatin,  High  Voltage  Institute,  Tomsk, 
USSR. 

10:15  F9.5 

GROWTH  AND  PHYSICAL  PROPERTIES  OF  rf-MAG- 
NETRON  SPUTTERED  InN  SEMICONDUCTING  FILMS, 
W.A.  Bryden.  J.S.  Morgan,  T.J.  Kistenmacher, 
D.  Dayan,  R.  Fainchtein  and  T.O.  Poehler, 
The  Johns  Hopkins  University,  Applied  Phys¬ 
ics  Laboratory,  Laurel,  MD. 

10:30  BREAK 

11:00  *F9.6 

BORON  PHOSPHIDE  AS  A  REFRACTORY  SEMICONDUC¬ 
TOR,  Y.  Kumashiro.  Yokohama  National  Univer¬ 
sity,  Yokohama,  Japan;  M.  Hirabayashi, 
Electrotechnical  Laboratory,  Ibaraki,  Japan; 
S.  Takagi,  Daido  Steel  Co.  Ltd.,  Nagoya, 
Japan. 

11 : 15  F9.7 

THERMAL  AND  ION  BEAM  INDUCED  REACTIONS  IN  Ni 
ON  BP,  Naoto  Kobavashi .  Electrotechnical 
Laboratory,  Ibaraki,  Japan;  Yukinobu 
Kumashiro,  Yokohama  National  University, 
Yokohama,  Japan;  Peter  Revesz,  Jian  Li  and 
James  W.  Maver,  Cornell  University,  Ithaca, 
NY. 

11:30  F9.8 

BORON  PHOSPHIDE  ON  SILICON  FOR  RADIATION 
DETECTORS,  J.C.  Lund,  K.S.  Shah.  F. 
Olschner,  Radiation  Monitoring  Devices, 
Inc.,  Research  Department,  Watertown,  MA; 
and  F.  Ahmed,  Devcom  Inc.,  Framingham,  MA. 

11:45  F9.9 

ZnGeP2:  A  WIDE  BANDGAP  CHALCOPYRITE  STRUC¬ 

TURE  SEMICONDUCTOR  FOR  NONLINEAR  OPTICAL 
APPLICATIONS,  G . C .  Xing  and  K.J.  Bachmann, 
North  Carolina  State  University,  Department 
of  Materials  Science  and  Engineering, 
Raleigh,  NC;  and  J.B.  Posthill,  Research 
Triangle  Institute,  Research  Triangle  Park, 
NC. 
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FI.) 

THE  ELECTRONIC  AND  OPTICAL  PROPERTIES  OF  DIAMOND;  DO  THEY 
FAVOUR  DEVICE  APPLICATIONS?  A  T  Collins.  Wheatstone  Physics 
Laboratory,  King's  College  London,  Strand  WC2R  2LS,  UK. 

Diamond  is  a  vide-bandgap  material;  natural  semiconducting 
diamond  has  a  high  room-temperature  hole  mobility  (2000 
cm^V-ls-')  and  exhibits  blue  cathodoluminescence .  The 
resistivity  of  p-type  natural  diamond  is  fairly  high  at 
room-temperature,  but  drops  by  two  orders  of  magnitude  at 
300°C  and  is  still  quite  low  at  1000°C.  By  doping  with 
boron,  semiconducting  single-crystal  diamond  can  be  produced 
by  high-pressure  synchesis  and  semiconduct ing  epitaxial 
films  grown  by  chemical  vapour  deposition.  At  first  sight 
diamond  would  therefore  seem  to  be  an  ideal  material  for 
high-temperature  devices  and  blue  light  emitting  diodes. 

The  reality  is  less  promising.  A  recent  analysis  of  mobility 
measurements  for  natural  p-type  diamond  will  be  presented. 
This  shows  that  the  room-temperature  value  is  dramatically 
reduced  by  quite  low  concentrations  of  ionised  impurities. 
This  explains  why  values  measured  for  synthetic  and  CVD 
macerial  are  substantially  less  than  2000  cm^V~'s'*.  The 
analysis  also  emphasises  the  rapid  reduction  in  mobility 
with  increasing  temperature,  even  for  a  high  quality  natural 
diamond  (e.g.  ~  100  cm^v's-*  at  SiO'C).  The  blue  luminesc¬ 
ence  is  also  rapidly  quenched  by  increasing  temperatures. 

Nitrogen  behaves  as  a  donor  in  diamond,  but  the  centres  are 
very  "deep"  and  it  has  not  proved  possible  to  grow  diamonds 
by  any  technique  (using  N  or  ocher  dopants)  which  have 
appreciable  r.-type  conductivity.  Rectifying  junctions  can 
therefore  only  be  fabricated  using  Schcccky  barriers. 

Although  several  diamond  devices  have  been  demonstrated  in 
the  laboratory  the  electronic  and  optical  properties  or 
diamond  do  not  favour  their  commercial  development. 

FI. 2 


ATOMIC  MVDROGEN  in  CVD  DIAMOND  CROW  TH 


Thomas  R.  AMtiony 

General  Electric  Corporate  Research  .N  Development  Center 
River  Road.  Schcnecudy.  Nc*>  York,  12MW.  LbA 
(5  1  fe >  - 3 It 7  •dldO 

Absiraci 

Diamond  can  be  grown  meusubly  ai  subuimosphenc  rrc»»~** 
and  moderate  remperaiures  from  hydrocarbon  gases  in  the  presence 
of  atomic  hvdrogen.  Atomic  hydrogen  serves  many  roles  in  LNU 
diamond  grow ih.  namely:  U  stabilisation  of  the  diamond  senate. 
Z)  reduction  of  the  sue  of  the  cnucal  nucleus,  3.)  'dissolution  v-. 
carbon  in  the  gas.  4.)  production  of  carbon  solubility  minimum.  -■! 
generation  of  condensable  carbon  radicals  in  the  gas,  6  )  abstraction 
of  hydrogen  from  hydrocarbons  attached  to  surface.  7.)  production 
of  vacant  surface  sues,  8.)  etching  of  graphite. 

Atomic  hydrogen  can  carry  out  these  funciions  because  ot 
favorable  relationships  between  energies  for  carbon-carbon.  carbon- 
hydrogen  and  hydrogen-hydrogen  bonds.  An  examination  of  bond 
energies  of  other  carbon-X  systems  indicates  that  potential  atomic 
hydrogen  substitutes  exist  for  some  funcctons  of  atomic  hydrogrn  in 
CVD  diamond  growth  but  that  no  substitute  fills  all  the  roles  that 
hydrogen  docs.  There  are  many  ways  to  generate  atomic  hydrogen 
and  each  way  provides  a  new  but  related  CVD  diamond  method. 


THEKMODyNAMICS  AND  THE  CVD  OF  DIAMOND.  Waller  A  Yarhrnnph 
Matcnals  Research  Laboratory.  The  Pennsylvania  Siaic  University.  Umversiiy  Park,  PA 
16802 


Bulk  diamond  is  unstable  relative  to  bulk  graphite  except  at  high  pressure  and 
temperature.  In  spite  of  this  well  crystallized  diamond  has  been  grown  using  numerous 
CVD  methods,  most  of  which  have  in  common  the  production  of  atomic  hydrogen  and 
hydrocarbon  radicals  in  regimes  where  solid  carbon  is  expected  to  be  a  stable  product  Two 
fundamentally  different  points  of  view  have  emerged  in  the  effort  to  explain  why  well 
crystallized  diamond,  and  not  graphite  or  vitreous  carbon,  is  observed  in  these 
experiments.  The  first  argues  that  a  metastabie  stationary  equilibrium  is  established  in 
which  graphite  is  "etched"  by  atomic  hydrogen  at  a  rate  higher  than  diamond  and  hence 
diamond  is  kinetically  stable  with  respect  to  graphite.  With  the  assumption  that  diamond 
formation  is  controlled  by  relative  kinetics  the  deposition  mechanism  becomes  critically 
important  and  much  debate  has  centered  on  the  mechanism  and  species  involved.  If  this  is 
correct  then  the  vapor  phase  growth  of  relatively  defect  free,  single  crystal  diamond 
becomes  problematic.  The  entropy  production  required  by  irreversible  thermodynamics  for 
any  finite  growth  me  is  normally  minimized  for  the  growth  of  well  crystallized,  defect 
free  materials  by  ensuring  that  local  thermodynamic  equilibrium  is  attained  or  that 
departures  from  equilibrium  are  smalt.  However  this  approach  applies  only  if  the  desired 
phase  is  thermodynamically  stable  and  the  growth  of  other  phases  can  be  ignored.  A 
second  postulate  is  reformulated  and  defended  in  this  paper.  This  is  that  at  the  growth 
interface,  and  under  the  conditions  found  successful  for  its  growth,  hydrogenated  diamond 
surfaces  are  thermodynamically  stable  with  respect  to  graphite,  if  this  result  is  correct 
then  a  global  understanding  of  the  parameters  imponant  to  the  growth  of  diamond  can  be 
obtained  without  detailed  kinetic  analyses.  A  semi-empirical  method  was  used  to  estimate 
enthalpies  of  formation  for  the  three  hydrogenated  low  index  surfaces  of  diamond  and 
graphite  with  the  result  that  the  diamond  surfaces  have  lower  enthalpies  of  formation. 
Assuming  that  bulk  diamond  is  kinetically  stable  it  is  shown  that  at  least  qualitatively 
many  of  the  experimental  observations  made  in  this  laboratory  and  elsewhere  are  more 
consistent  with  this  view  than  with  the  idea  that  the  formation  of  diamond  instead  of 
graphite  is  kinetically  controlled  With  this  result  it  can  be  argued  that  relatively  defect 
free,  single  crystal  diamond  films  by  CVD  are  possible  in  spile  of  the  bulk  instability  of 
diamond  relative  to  graphite.  In  addition  this  suggests  general  principles  which  might  be 
applied  to  the  growth  of  other  metastabie  phases  -  notably  cubic  boron  nitride. 

FI.  4 


STUDIES  OF  DIAMOND  GROWTH  PROCESSES  FROM  Cl  IEMICAL 
VAPOR  DEPOSITION.  C.  Judith  Chu,  Benjamin  J.  Bai,  Rohm  II. 
Hange.  Mark  P.  D’Evelyn,  and  John  L.  Margrave,  Rice  University, 
Department  of  Chemistry,  P.  O.  Box  I8D2,  Houston,  Texas  77251  - 


Synthesis  of  diamond  thin  films  has  been  studied  using  hot-filament- 
assisted  chemical  vapor  deposition  with  a  variety  of  hydrocarbon 
precursors.  Carbon- 1 3-labcIed  diamond  films  were  synthesized  using 
mixtures  of  '-CHj  and  '-CHa  in  Hy.  The  Raman  peak  at  1332  enr1  for 
!2C-diamond  was  found  to  shift  by  50  cm"1  to  1282  cm-1  for  pure  13C- 
diamond,  and  ihe  diamond  peak  shifts  linearly  within  these  limits  w  ith  the 
1 3-C  mole  fraction.  This  linear  correlation  has  been  used  to  study  the 
incorporation  efficiencies  of  various  growth  precursors  by  means  of 
isotopic  labeling,  i.e.,  the  incorporation  efficiency  of  C- 13-methane  is 
compared  to  C-  12-precursors  such  as  acetylene,  ethane,  ethylene,  acelone, 
carbon  monoxide, and  other  hydrocarbons  by  investigating  the  C-I3  mole 
fraction  of  the  resulting  diamond  thin  film. 

Investigations  of  the  gaseous  species  generated  during  the  hot-filamem- 
assisted  CVD  of  diamond  from  mixtures  of  C-13-labeled  methane  and  C- 
12-lubeled  acetylene  indicate  that  the  C-13  mole  fraction  in  the  resulting 
diamond  thin  film  correlates  with  the  C-13  mole  fraction  of  the  methane  in 
the  gas  phase  and  not  that  of  the  acetylene.  It  appears  that  under  the  hot- 
filament-assisted  CVD  conditions,  methyl  radicals  derived  from  methane  are 
primarily  responsible  for  diamond  growth. 
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FI.  5 

SCANNING  TUNNELING  MICROSCOPY  INVESTIGATION  OF 
DIAMOND  FILMS  ON  HIGHLY  ORIENTATED  PYROLYTIC 
GRAPHITE  SUBSTRATES.  A.  Pot  or  Jardino.  Fcn-Cliu  Tseng  and 
F.F. Y.Wang.  Dopt.  of  Materials  Science,  SLTNY  Stony  Brook,  Stony 
Brook,  NY  11791. 

!lie  (0001)  grapliite  surface  has  been  extensively  studied  bv  Scan- 
iing  Tunneling  Microscopy  (STM)  making  it  a  natural  candidate 
:or  high  resolution  surface  studies  on  the  initial  formation  of  Di¬ 
amond  films  and  surface  phase  identification.  In  particular,  STM 
•studies  can  yield  atomic  information  on  the  relative  abundances  of 
iiamond,  diamond-like  carbon,  amorphous  or  graphitic  regions  of  a 
-tit-face.  Diamond  films  were  deposited  onto  heated,  highly  oriented 
oyrolytic  graphite  surfaces  using  a  microwave  assisted  CVD.  A  se- 
ection  of  films  were  grown  where  processing  variables  such  as  the 
presence  of  Si.  H2  and  CH4  gas  concentrations  and  microwave  power 
inputs  were  varied.  STM  images  of  samples  with  short  deposition 
■  imes  were  taken.  Correlations  of  film  phases  to  processing  variables 
re  discussed. 


FI.  6 

ADSORPTION  OF  HYDROCARBON  RADICALS  ON  THE  HYDROGENATED 
DIAMOND  SURFACE.*'  Mark  R.  Pederson.  Koblar  A.  Jackson’', 
vvd  Warren  E.  Pickett,  Complex  Systems  Theory  Branch, 
Naval  Research  Laboratory,  Washington  D.  C.  20375-50000. 

Recently,  it  has  been  established  that  growth  of  diamond 
via  chemical  vapor  deposition  may  be  enhanced  in  the 
presence  of  a  hydrogen  gas  or  plasma.  In  order  to  gain 
insight  into  this  phenomenon,  we  have  studied  a  variety 
of  hydrocarbon  adsorption  processes  on  a  hydrogenated 
diamond  crystallite  surface.  The  Local  Spin  Density 
approximation  has  been  employed  with  a  localized  basis 
set  to  calculate  adsorption  potentials  and  equilibrium 
separations  for  several  hydrocarbon  radicals. 

While  the  adsorption  height  of  a  single  methane  radical 
onto  a  single  dangling  bond  is  found  to  be  in  excellent 
agreement  with  the  bulk-diamond  bond  length,  the  back- 
bonded  hydrogens  of  adjacent  adsorbed  methane  radicals 
repel  one  another  which  suggests  diamond  growth  via 
methyl  radicals  only  may  be  unfavorable.  In  contrast, 
adjacent  acetylinic  adsorbates  do  not  repel  each  other 
but  lead  to  the  introduction  of  double  carbon  bonds  and 
misplaced  carbon  atoms  above  the  active  layer. 

We  present  adsorption  potentials,  equilibrium 
bondlengths  and  vibrational  spectra  for  H,  C,  CH3  and 
CjH  radicals  and  discuss  interactions  between 
neighboring  adsorbates. 

’Supported  in  part  by  SDIO/IST  contract  N00014-89-WX- 
2C023. 

’’NRL-NRC  Research  Associate. 

FI  .7 

Ml<  l«>W A VI  CVI)  ()l  DIAMOND  I  SING  Ml  I  HANOI  R  AKI 
GAS  MIN  It  HI  S  M.  Buck.  1.1.  <  liming  ;iml  ll.Scki.  IBM  Research 
Division,  A I  minion  Research  Center.  San  lose,  <  A 

I  lie  deposition  of  iliamoiui  (rom  a  reactive  vapor  phase  has  heen 
dominated  hv  the  use  of  gas  ntivtiires  containing  verv  small  amounts 
ol  curium  containing  molecules  in  a  sea  ol  hydrogen  molecules.  In 
most  cases  the  carbon  containing  gas  is  a  simple  hydrocarbon  such  as 
methane,  but  more  recently  there  have  been  reports  using  nitrogen  anil 
oxygen  containing  simple  organics  such  as  amines  anil  alcohols'.  The 
graphite  removing  role  of  atomic  Imirogcn  has  generally  been 
recognized  as  playing  a  key  ride  in  the  successful  deposition  of 
diamond,  and  the  few  models  proposed  for  the  deposition  process  arc 


all  based  on  this  central  theme.  However  the  possible  role  of  other 
atoms  and  molecules  in  the  deposition  process  is  less  clear.  There  is 
need  for  more  experimental  data  to  further  our  understanding  in  this 
regard.  Here  we  give  a  preliminary  report  on  our  investigation  of 
deposition  from  methanol  -  rare  gas  mixtures  using  a  small  microwave 
reactor.  An  important  result  is  that  diamond  of  high  purity,  based  on 
the  sharpness  of  the  13.32cm'1  line  and  the  background  level  of  the 
Raman  spectra,  could  be  deposited  without  any  additional  hydrogen. 

We  have  also  compared  this  result  with  those  by  other  gas  mixtures, 
in  which  the  atomic  ratio  of  carbon,  hydrogen  and  oxygen  arc 
equivalent  to  methanol,  in  order  to  assess  the  significance  of  the 
parentage  of  these  atoms  in  the  diamond  formation. 

1)  Y  llirosc  and  Y.  Tcrasawa.  .1.1. A. P.  I  ette-  25,  (|‘)Rd)  1.519. 

FI .  8 

EFFECTS  OF  Oj  ADDITION  ON  DIAMOND  GROWTH:  IN  SITU 
SPECIES  MEASUREMENTS  AND  MODELING.  Stephen  J.  Harris, 
General  Motors  Research  Labs,  Warren,  MI  48090. 

Recent  studies  have  shown  that  addition  of  oxygen  to  diamond  growth 
environments  can  have  significant  effects  on  the  growth.  These  stud¬ 
ies  have  attributed  the  effects  of  02  to  removal  of  non-diamond  car¬ 
bon  from  the  surface,  formation  of  a  more  reactive  surface,  formation 
of  additional  radicals  in  the  gas  phase,  and  destruction  of  gas  phase 
pyrocarhon-forming  species.  The  purpose  of  this  work  is  to  determine 
how  oxygen  addition  affects  the  gas  phase  chemical  environment  at  the 
substrate  surface  in  a  filament-assisted  diamond  growth  system  in  or¬ 
der  to  understand  better  the  interesting  effects  of  Oj  on  the  kinetics  of 
growth  and  qualitity  of  the  diamond  film. 

A  small  hole  in  a  substrate  on  the  tip  of  a  quartz  microprobe  allows  gas 
molecules  present  at  the  substrate  surface  to  enter  the  probe,  and  those 
molecules  are  aubsequently  detected  by  a  mass  spectrometer.  This 
in  situ  technique  allows  detection  of  stable  hydrocarbons  and  permits 
us  to  test  our  chemical  kinetics  modeling  which  we  use  to  estimate 
concentrations  of  radical  species. 

Our  measurements  show  that  the  concentrations  of  small  hydrocarbons 
(methane,  ethylene,  acetylene)  decrease  monotonically  as  Oj  is  added, 
while  CO  concentrations  increase.  Agreement  between  experiment  and 
model  for  these  species  is  very  good  and  encourages  us  that  the  model's 
predictions  for  species  which  were  not  measured  are  reasonably  accu¬ 
rate.  Calculated  H  and  C Hy  radical  concentrations  rise  monotonically 
with  increasing  Oj,  although  the  percentage  rise  is  greater  for  if.  This 
rise  in  radical  concentration  depends  on  the  CHe/Ht  ratio.  Compari¬ 
son  between  species  measurements  and  growth  kinetics  shows  a  complex 
behavior. 

FI  .9 

MORPHOLOGY  OF  DIAMOND  FILMS  GROWN  BY  DC  PLASMA  JET 
'VD.  Kazuaki  Kurihara.  Ken-ichi  Sasaki.  Motonobu. 

•  awarada.  and  Nagaaki  Koshino,  FUJITSU  LABORATORIES 
..TD.  Atsugi,  JAPAN. 

There  have  been  some  imeresiing  attempts  to  use  thermal 
lasma  for  diamond  synthesis.  The  biggest  advantage  of 
:hese  methods  is  the  high  growth  rate.  No  reports  of  the 
effects  of  important  deposition  parameters,  such  as  methane 
concentration  and  substrate  temperature,  have  been 
published,  however. 

Our  research  focused  on  the  effects  of  methane 
concentration,  substrate  temperature,  and  the  cooling  rate 
of  plasma  on  the  morphology  of  diamond  films  synthesized 
by  dc  plasma  jet  CVD. 

To  change  the  cooling  rate  of  the  plasma,  we  changed  the 
distance  between  the  plasma  torch  and  substrate.  We  looked 
at  the  surfaces  and  cross  sections  with  SEM.  Optical  emission 
was  also  used  to  analyze  the  plasma  jet  and  the  diamond 
growth  mechanism. 
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With  increased  methane  concentration,  the  diamond  films 
grew  faster,  but  over  a  certain  concentration,  growth  rate 
stopped  increasing.  At  lower  methane  concentrations,  (111) 
planes  tend  to  be  obtained  and,  at  higher  concentrations, 

100)  planes.  The  lower  cooling  rate  decreased  the  growth 
rate  and  formed  (100)  planes.  The  transparency  of  the 
synthesized  diamond  films  is  better  at  lower  methane 
concentrations  and  lower  pressures. 

FI.  10 

OXYGEN  EFFECT  IN  DIAMOND  DEPOSITION  AT  LOW 
TEMPERATURES.  Y.  Liou.  A.  Inspektor,  R.  Weimer,  D.  Knight  and  R. 
Messier,  Materials  Research  Laboratory,  The  Pennsylvania  State 
University,  University  Park,  PA  16802 

Diamond  thin  films  were  deposited  on  different  substrates  at  low 
temperatures  (<400°C)  by  microwave  plasma  enhanced  chemical  vapor 
deposition  system.  The  deposited  films  were  either  amorphous  carbon 
films  or  diamond  films  depending  on  the  different  gas  mixtures  being  used. 
The  concentration  of  the  oxygen  in  the  gas  mixtures  is  critical  for  diamond 
growth.  The  etching  rate  of  the  non-diamond  carbonic  compounds  in  the 
coating  was  higher  with  more  oxygen  addition  in  the  gas  mixtures. 

Different  ratios  of  the  methane  to  oxygen  concentration  on  different 
substrates  at  different  temperatures  have  been  studied.  Raman 
spectroscopy.  X-ray  diffraction  and  scanning  electron  microscopy  have 
been  used  to  characterized  the  deposited  films. 

F2.1 

ELECTRON  CONTROLLED  CHEMICAL  VAPOR  DEPOSITION  OF 
DIAMOND  THIN  FILMS  ON  VARIOUS  SUBSTRATES.  Yong-Hee 
Lee  .  Klaus  J.  Bachmann  and  Jeffrey  T.  Glass,  North  Carolina  State 
University,  Department  of  Materials  Science  and  Engineering,  Raleigh, 
N.C  27695-7907 

Electrons  can  affect  the  hot  filament  assisted  growth  of  diamond  films  in 
several  ways,  including  acceleration  of  gas  species  dissociation, 
creating  damage  at  the  growth  surface,  etc.  Thus,  electron  controlled 
chemical  vapor  deposition  (ECCVD)  has  been  utilized  to  deposit 
diamond  on  scratched  (001)  Si  substrates.  Current-voltage 
characteristics  of  the  ECCVD  system  indicated  a  DC  plasma  was 
generated  under  certain  condi tons.  Diamond  film  quality  was  correlated 
with  biasing  conditions.  Highly  facetted  diamond  growth  exhibiting  only 
a  sharp  Raman  line  at  1332  cm'1  was  obtained  under  certain  conditions. 
However,  biasing  which  created  a  DC  plasma  resulted  in  spherulitic 
growth  incorporating  graphitic  carbon  into  the  diamond  film.  Extensive 
chemical,  structural  and  optical  characteristics  of  the  films  will  be 
described.  Diamond  film  deposition  on  various  single  crystal  substrates 
of  interest  for  heteroepitaxial  growth  has  also  been  attempted.  Not 
only  lattice  matching  but  also  bond  energy  considerations  have  been 
utilized  in  choosing  these  substrates.  The  film  quality  and  the 
characteristics  of  the  interfacial  carbide  formation  will  be  discussed. 
Finally,  homoepitaxial  diamond  films  have  also  been  deposited  on 
natural  type  Ha  diamond  substrates.  Characteristics  of  the  grown  films 
are  described  for  diamond  substrates  of  different  orientations. 

F2.2 

KrF*  LASER-INDUCED  CHEMICAL  VAPOR  DEPOSITION  OE 
DIAMOND 

George  W.  Tyndall  and  Nigel  P.  Hacker  IBM  Almaden  Research  Center,  650 
Harry  Road,  San  Jose,  CA  95120. 


A  KrF*  laser-based  process  for  the  deposition  of  diamond  is  reported.  The 
experiment  consists  of  focusing  the  pulsed  excimer  laser  beam  at  normal 
incidence  onto  the  surface  of  a  room  temperature  silicon  substrate  in  the 
presence  of  an  organic  precursor.  The  presence  of  diamond  in  the  deposited 
films  were  verified  using  Rsman  Spectroscopy  snd  Auger  Electron 
Spectroscopy. 

F2.3 

INVESTIGATIONS  OF  EXCIMER  LASER  EFFECTS  ON 
CVD  DIAMOND  GROWTH.  P.  E.  Pehrsson,  H.  H.  Nelson. 
F.  G.  Crlii.'  Naval  Research  Laboratory,  Washington,  D.C.  20375; 
'NRC/NRL  Post-Doctoral  Fellow 

One  of  the  principal  problems  associated  with  the  nucleation 
and  growth  of  CVD  diamond  films  is  the  necessity  of  growing  on  a 
substrate  heated  to  about  800  C.  The  use  of  excimer  laser  radiation  as 
an  alternative  energy  source  allowing  lower  growth  temperatures  has 
been  reported,1  although  another  claim  was  subsequently  retracted. 

We  used  a  variety  of  laser  conditions  to  modify  the  surface 
and  gas  phase  chemistry  in  a  diamond  growth  apparatus,  including 
those  reported  to  have  enhanced  growth.  The  laser  wavelength, 
precursor  gas  (and  hence  the  gas-phase  ahsorption),  laser  intensity 
and  orientation  with  respect  to  the  substrate,  flow  rate,  and  gas  inlet 
orientation  with  respect  to  the  filament  were  varied.  The  samples 
were  analyzed  using  Optical  and  Scanning  Electron  Microscopy,  the 
Scanning  Auger  Microprobe,  and  Micro- Raman  Scattering. 

In  all  cases,  the  laser  had  either  no  effect  or  actually  suppressed 
diamond  growth  in  comparison  to  the  adjacent  unirradiated  regions. 
Interestingly,  the  crystals  that  did  grow  in  the  irradiated  regions 
were  similar  in  size  and  morphology  to  those  from  the  unirradiated 
areas,  suggesting  possible  mechanisms  by  which  the  laser  suppressed 
diamond  nucleation.  Variations  in  the  types  of  carbon  observed 
across  the  samples  are  discussed.  These  results  are  interesting  not 
only  because  they  conflict  with  previous  encouraging  claims,  but  also 
because  they  may  provide  clues  to  the  diamond  nucleation  process. 

1.  Y.  Goto,  T.  Yagi  and  H.  Nagai,  Mater.  Res.  Soc.  Symp.  Proc. 
(1988)  in  press. 

F2.4 

AN  NMR  STUDY  OF  DIAMOND  THIN  FIIMS.  Karen  M. 
McNamara  and  Karen  K.  Gleason,  Department  of 
Chemical  Engineering,  MIT,  Cambridge,  MA. 

Nuclear  magnetic  resonance  (NMR)  spectroscopy  is 
used  to  study  the  incorporation  of  13C  and  3H 
into  diamond  thin  films  grown  in  a  hot  filament 
reactor.  Quantitative  values  for  the  ratio  of 
sp3/sp2  carbon  and  hydrogen  content  will  be  ob¬ 
tained.  NMR  linewidths  will  indicate  the  degree 
of  disorder  in  the  system,  as  well.  The  carbon- 
13  source  is  acetone,  isotopically  labeled  at 
either  the  carbonyl  or  methyl  carbons.  Thus, 
carbon-13  contsnts  will  indicate  the  relative 
role  of  CH3  and  CO  derived  precursors  in  diamond 
dsposition,  shsdding  light  on  the  mechanisms  of 
diamond  growth.  Understanding  of  these  mechani¬ 
sms  is  essential  in  exploiting  the  potential  of 
diamond  as  a  semiconductor. 

F2.5 

DIAMOND  POLYTYPISM:  DIFFRACTION.  VIBRATIONAL 
BEHAVIOR.  AND  OPTICAL  PROPERTIES*.  A  W.  Phelps.  Diamond 
Materials.  Inc.,  2820  East  College  Avenue,  State  College,  PA  16801:  K. 

E.  Spear.  W  Howard,  D  Huang,  and  W.  B.  White.  The  Pennsylvania 
State  University.  University  Park.  PA  16802. 

Polytyplsm  Is  a  well-known  phenomenon  In  SIC.  It  Is  important  to 
semiconductor  applications  of  SIC  because  the  bandgap  and 
electron/hole  mobilities  are  a  strong  function  of  polytype 
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Potytypism  has  recently  been  identified  In  monocrystalline 
diamond  particles  formed  by  homogeneous  nucleatlon.  Structural 
models  have  been  used  to  determine  the  likely  response  of  hexagonal 
and  rhombohedral  diamond  polytypes  during  x-ray  or  electron 
diffraction.  Raman  and  infrared  spectroscopy,  and  optical 
measurements.  Many  physical  properties  of  diamond  are  affected  by 
the  degree  of  hexagonal  character  and  space  group  symmetry  of  these 
polytypes.  Diffraction  patterns  for  two  diamond  polytypes.  15R  and 
2 1R,  have  been  calculated  and  Indicate  that  lines  not  allowed  in 
hexagonal  polytypes  become  allowed  and  will  appear  in  diffraction 
of  these  rhombohedral  polytypes. 

The  vibrational  behavior  of  diamond  polytypes  should  be  closely  tied 
to  the  degree  of  hexagonal  character  tn  a  particular  polytype.  Some 
polytypes  will  have  so  called  'weak  modes’  present  In  their  Raman 
spectra  as  the  result  of  a  'zone  folding1  mechanism  like  that  seen  In 
the  Raman  spectra  of  SiC  polytypes.  The  refractive  indices  and 
birefringence  are  expected  to  be  controlled  by  the  degree  of  hexagonal 
character  of  the  specific  polytype. 

The  variation  In  properties  with  diamond  polytypism  may  provide  a 
number  of  useful  methods  for  the  Identification  of  these  materials  as 
well  as  provide  new  fundamental  Information  about  the  materials 
themselves  and  polytypic  materials  In  general. 


*  This  research  was  co-sponsored  by.  (11  the  Ben  Franklin 
Partnership  Program  of  Pennsylvania,  (ill  the  Office  of  Naval 
Research  (with  funding  from  SDIO/1ST)  under  contract  #N00014-86- 
K-0443,  and  (ml  Diamond  Materials.  Inc. 

F2.6 

DOMAIN  SIZE  DETERMINATION  IN  DIAMOND  THIN  FILMS.  Y.M. 
LeGrice,  R.J.  Nemamch,  Dept,  of  Physics,  North  Carolina  State 
University,  Raleigh,  NC  27695. 

Diamond  films  deposited  by  CVD  methods  usually  have  some  sp2  bonded 
carbon  incorporated  in  them.  Raman  scattering  measurements  are  able  to 
display  both  the  diamond  and  sp2  bonded  regions  in  these  samples. 
Previous  studies  have  shown  that  in  order  to  determine  the  ratio  of  the  sp2 
to  sp3  bonded  regions,  the  domain  sizes  must  be  known.  In  this  study  the 
linewidth  of  the  diamond  peak  at  1332  enr1  is  used  to  determine  diamond 
domain  sizes,  while  the  intensity  of  die  disorder  induced  scattering  is 
related  lo  the  size  of  the  sp2  bonded  regions.  We  have  carried  out  detailed 
calculations  of  the  effect  based  on  the  phonon  dispersion  curves  of 
diamond  and  breakdown  of  wavcvector  selection  rules  in  Raman 
scattering.  The  results  enable  us  »  determine  domain  sizes  of  the  diamond 
regions  in  the  films.  The  line  widths  of  samples  prepared  by  various 
methods  were  calculated,  and  the  dimensions  of  die  diamond  regions  were 
obtained.  From  these  results,  it  was  determined  that  there  is  an  inverse 
relationship  in  the  domain  sizes  of  die  diamond  and  sp 2  domain  sizes. 
When  the  diamood  regions  are  large,  sp2  regions  art  small,  and  vice-vma. 
The  changes  in  the  domain  sizes  with  growth  conditions  are  correlated  to 
the  growth  process. 

F2.7 

CHARACTERISATION  OP  THIN  FILM  AND  SINGLE-CRYSTAL  CVD  DIAMOND 
BY  ABSORPTION  AND  LUMINESCENCE  SPECTROSCOPY.  A  T  Collins, 
Wheatstone  Physics  Laboratory,  King’s  College  London, 
Strand,  London  WC2R  2LS,  UK;  M  Ksao  and  Y  Sato,  HIRIM, 
I- 1  Naaiki,  Tsukuba,  Ibaraki  305,  Japan. 

Poiycrystallina  film*  and  aingla  crystals  of  diaaond 
produced  by  the  decomposition  of  aathana-hydrogsn  aixtures 
in  a  aierovava  plaaaa,  with  CH*  concent rations  bttvsan  0.3 
and  3.0Z,  have  bean  axaainad  using  optical  absorption  and 
cathodoluainascsnca  (CL)  spectroscopy  froa  900  to  200  na 
(I.*  to  5.6  #V). 

In  absorption  all  saaplaa  show  a  continuously  increasing 
absorption  froa  low  energies  to  high  anargias,  right  up  to 
tha  fundamental  absorption  tdgt  at  5.5  sV.  The  strength  of 
this  absorption  (which  may  be  associated  with  carbon  double 
bonds)  increases  as  che  concentration  of  CHg  in  tha  gas 
mixture  is  increased. 

Blue  CL  froa  tha  filas  and  tha  crystals  is  associated  with 
donor-accaptor  pair  recombination.  Tha  single-crystals  also 
exhibit  strong  "edge  saission"  which  it  cbaractarlstic  of 


defect-frae  material,  but  this  luminescence  it  not  detected 
from  any  of  the  films.  As  the  CH$  concentration  in  the 
starting  gas  is  increased,  CL  characteristic  of  nitrogen-, 
interstitial-  and  vacancy-related  optical  centres  is 
observed  from  the  diamond  films.  A  CL  line  at  1. 681  eV, 
which  is  alto  observed  in  absorption  in  some  films,  hat  been 
attributed  previously  to  a  defect  involving  eilicon. 

We  heve  also  studied  defects  produced  by  rediation  damage 
(using  2  MeV  electrons)  and  thermal  annealing.  The 
absorption  and  CL  spectra  of  the  crystale  show  all  the 
systems  characteristic  of  irrediated  type  Ila  natural 
diamond  with  extremely  low  impurity  concentrations. 

F2.8 

EFFECT  OF  DOPING  WITH  NITROGEN  AND  BORON  ON 
CATHODOLUMI NESCENCE  OF  CVD-DIAMOND.  Yoshihiro 
Yokota.  Hiroshi  Kawarada,  Yusuke  Mori  and  Akio 
Hiraki,  Dept,  of  Electrical  Eng.,  Faculty  of 
Eng.,  Osaka  Univ.,  Suita,  Osaka  565,  Japan. 

Nitrogen  (N)  and  boron  (B)  are  the  electrically 
and  optically  active  impurities  in  diamond.  We 
have  investigated  cathodoluminescence  (CL)  of 
the  diamonds  doped  with  them  formed  with  micro- 
wave  plasma  chemical  vapor  deposition  (CVD). 

In  the  undoped  specimens,  the  CL  spectra  have 
only  one  peak  at  2.8~2.9eV  classified  as 
“band -A’ .  These  are  the  same  spectra  as  natural 
typ*II*  diamonds  where  dislocations  correspond 
to  the  emission  areas.  The  specimens  doped  with 
B  show  the  intense  CL  spectra  with  a  peak  at 
about  2.4eV  in  addition  to  the  2.9eV-band.  In 
the  CL  spectra  of  N-doped  specimens,  three  peaks 
appear  at  about  2.9,  2.1  and  1.7eV.  The  2.9eV- 
peak  is  the  same  as  undoped  specimens.  The 
2. lev-peak  is  attributed  to  N-related  center. 

The  1.7eV-peak  is  attributed  to  the  isolated 
neutral  vacancy  (V)  called  ■GR1”  center.  In 
the  specimens  doped  with  N  and  B  at  the  «»»» 
time,  there  exist  three  peaks  at  about  2.4eV. 

2.1  and  1.7eV,  which  have  been  recognized  above. 

Other  N-related  strong  emission  centers  such 
as  H3(  2 . 46eV)  and  N-V(1.94eV)  have  not  been 
observed.  These  results  show  that,  although 
neutral  V  are  present,  N-v  complexes  are  not 
formed  during  CVD  process.  The  fablication  of 
these  centers  has  been  also  tried  to  introduce 
enough  V  using  high  energy  electron  irradiation. 

F2.9 

PHOTOLUMINESCENCE  SPECTROSCOPY  OF  DIAMOND  FILMS. 
J.A.  Freitas.  Jr.*.  J.E.  Butler,  L.M.  Hans sen, 

S.G.  Bishop,  and  U.  Strom,  Naval  Research  Labora¬ 
tory,  Washington,  DC  20375-5000.  *  Sachs/Freeman 
Associates,  Landover,  MD  20785-5396. 


Photoluminescence  (PL)  spectroscopy  has  been  used 
to  characterize  polycrystalline  diamond  films 
prepared  by  filament-assisted  vapor  deposition 
(FACVD)  and  by  a  combustion  technique  (CT)  in  an 
oxyacetylene  flame.  The  20-30|im  thick  films  gen¬ 
erally  consisted  of  microcrystallites  with  grain 
sizes  ranging  from  10-200iub.  The  temperature 
range  of  interest  was  6K-300K. 

The  PL  spectra  of  the  FACVD  films  are  dominated 
by  a  defect  band  with  a  strong  zero-phonon  line 
at  1.67  eV  and  phonon  replica  at  lower  energies. 
This  band  (GR1),  identified  with  a  neutral 
vacancy,  is  observed  in  crystals  prepared  by 
other  techniques,  after  electron  irradiation. 

The  CT  films  exhibit  two  PL  lines  near  1.95  eV 
and  2.16  eV,  respectively.  The  1.95  eV  band  has 
been  tentatively  identified  as  a  nitrogen-vacancy 
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pair.  This  band  has  been  observed  in  natural 
diamond  which  has  been  irradiated  and 
subsequently  annealed  at  elevated  temperatures. 

We  have  observed  a  strong  dependence  of  the  PL 
spectra  radially  across  a  given  CT  film  and  asso¬ 
ciate  this  with  details  of  the  flame  chemistry. 

F2.10 

CW  FOUR-WAVE  MIXING  IN  SYNTHETIC  DIAMOND. 
D  A.  Redman  and  S.  C.  Rand,  University  of  Michigan, 
Department  of  EECS,  1301  Beal  Avenue,  Ann  Arbor,  Ml 
48109-2122. 

We  report  efficient  CW  optical  phase  conjugation  and 
resonantly  enhanced  four-wave  mixing  spectroscopy  of 
the  N-V  color  center  in  synthetic  diamond. 

An  ultra-narrow  resonance  is  observed  in  the  room 
temperature  nearly  degenerate  four-wave  mixing 
spectrum  upon  excitation  within  the  vibronic  band  at 
590  nm,  furnishing  the  triplet  manifold  decay  rate. 

F2.ll 

"MODELLING  OF  A  Ag/DIAMOND/n-GaAs  PHOTODIODE  WITH  GRATING 
COUPLING  OF  THE  INCIDENT  LIGHT  TO  SURFACE  PLASMA  WAVES" 

D.  Barman,  M.  Rahman,  A.S.  Karakashian,  A.  Altshuler  and 
s.  Brouoe,  University  of  Lowell,  Department  of  Physics 
and  Applied  Physics,  Lowell,  MA  01854 

A  theoretical  model  has  been  developed  to  design  a  metal/ 
insulator/semiconductor  narrow  band  photodiode  with  grat¬ 
ing  coupling  of  the  incident  light  to  surface  plasma  waves 
(SPW).  The  insulating  layer  consists  of  a  thin  polycrys¬ 
talline  diamond  film  which  is  deposited  on  an  n-GaAs  sub¬ 
strate  with  a  grating  having  optimal  parameters  etched 
into  it.  A  silver  barrier  contact  on  the  diamond  film 
also  serves  as  the  active  medium  for  the  SPW.  This  type 
of  device  is  an  angle  of  incidence,  wavelength  and  polar¬ 
ization  sensitive  photodetector.  It  has  an  enhanced 
quantum  efficiency  compared  to  a  flat  surface  detector. 

This  design  is  also  compared  to  similar  Ag/Insulator/ 
n-GaAs  detectors  for  insulators  other  than  diamond. 

F2.12 

OPTICAL  CHARACTERISATION  OF  NICKEL  IN  DIAMOND 
MH  Na*«re,  AJ  Neve*  Departunento  e  Centro  de  Fitic*  (INIC),  Univer- 
•idade  de  Aveiro,'3800  Aveiro,  Portugal  and  Gordon  Davie*  Department 
of  Phy*ic«,  King’s  College  London,  Strand,  London  WC2R  2LS,  UK 

We  show  that  when  diamonds  are  synthesised  using  a  solvent-catalyst  which 
contains  nickel,  individual  atoms  of  Ni  may  be  grown  into  the  diamonds. 
The  presence  of  the  nickel  atoms  may  be  identified  and  their  concentrations 
estimated  in  a  non-destructive  manner  using  optical  spectroscopy. 

The  characterising  optical  signal  is  absorption  or  photoluminescence  with 
sharp  (sero- phonon)  lines  in  the  near-infra-red  at  1.401  and  1.404  eV.  Using 
synthetic  diamonds  which  have  unusually  low  internal  strains,  we  show  that 
the  lines  contain  fine  structure  which  is  produced  by  the  five  natural  isotopes 
of  Ni,  unambiguously  establishing  that  the  lines  are  produced  by  nickel. 
There  is  evidence  for  only  one  Ni  atom  in  the  optical  center  producing  the 
1.4  eV  lines. 

Stress**  of  up  to  1  GPa  applied  along  the  <  001  >,  <  111  >  and  <  110  > 
axes  of  the  diamond  show  that  the  Ni  atom  is  in  a  trigonal  environment  :  if 
the  Ni  atom  substitutes  for  a  carbon  atom  it  is  displaced  out  of  the  lattice 
site  (qualitatively  like  the  single  nitrogen  atom  in  diamond).  The  effects  of 
the  stresses  establish  that  the  ground  state  of  the  optical  transition  is  an 
orbital  doublet,  split  by  a  spin-orbit  coupling  of  3  meV  to  produce  the  two 
lines  at  1.401  and  1.404  eV.  The  excited  state  is  an  orbital  singlet.  Magnetic 
fields  up  to  6  Tesla  produce  dear  splittings  of  the  lines,  and  confirm  the 
trigonal  environment. 


Using  the  measured  radiative  decay  time  of  the  1.4  eV  luminescence,  we 
show  that  the  absorption  coefficient  p  (in  cm-1)  integrated  over  both  lines 
(photon  energy  E  in  meV)  is  related  to  their  concentration  C  (cm-*)  by 

C  =  5  x  10”  J  iEn(E). 

F3.1 

A  STUDY  OF  THE  ELECTRONIC  STRUCTURE  NEAR  INDI¬ 
VIDUAL  DISLOCATIONS  IN  DIAMOND  BY  ENERGY  LOSS 
SPECTROSCOPY.  J.  Brulev,  and  P.E.  Batson.  IBM  Research 
Division,  Thomas  J.  Watson  Research  Center,  Yorktown  Heights, 
NY  10598. 

Spatially  resolved  electron  energy  loss  spectra  recorded  from  very 
small  volumes  of  diamond  containing  individual  dislocations  show 
extra  intensity  within  the  band-gap  just  below  the  Is  to  bulk  con¬ 
duction  band  threshold  energy,  when  compared  to  spectra  recorded 
from  neighboring  defect  free  regions.  This  is  interpreted  as  direct 
evidence  for  the  presence  of  vacant  defect  states  associated  with  the 
dislocation  structure.  The  contribution  of  the  n*  states  from  the 
surface  layers  to  this  region  of  the  spectra  is  completely  removed  by 
calculating  the  difference  between  the  spectra  recorded  on  and  off 
the  defect.  A  comparison  is  drawn  between  the  measured  near  edge 
structure  and  calculations  of  local  density  of  states  reported  in  the 
literature. 

F3.2 

CHARACTERIZATION  OF  HEAVY  METAL  CONTAMINATION  IN  DIAMOND 
FILMS  USING  SIMS  AND  TOTAL  REFLECTION  X-RAY  FLUORESCENCE 

(TXRF) .  5. _ Hockett.  Charles  Evans  A  Associates, 

Redwood  City,  CA;  and  Janes  Knowles,  Crystallune,  Inc., 
Menlo  Park,  CA. 

Processes  for  diaaond  filn  growth  on  silicon  substrates 
nay  introduce  heavy  natal  contanination  at  the  Interfaces 
or  in  the  filn  Itself.  These  netals  nay  or  nay  not  be 
detrinental  for  the  application  of  the  diaaond  filn,  but 
the  aaasureaent  of  the  netals  is  required  before  such  an 
assessaent  can  be  adequately  nade.  This  paper  will 
address  the  usefulness  of  Secondary  Ion  Mass  Spectroaetry 
(SIMS)  end  of  a  new  technique  called  Total  Reflection  X- 
Ray  Fluorescence  (TXRF)  for  the  characterization  of  heavy 
natal  contanination  in  diaaond  filn*  prepared  by 
different  processes,  including  aicrowave  and  dc  sputter 
deposition,  where  contanination  was  intentionally 
Introduced.  Characterization  of  these  fllns  by  aore 
comsonly  used  techniques  will  also  be  reported. 

F3.3 

MODELLING  OF  DIAMOND  HETEROSTRUCTURES  FOR  ELECTRO- 
OPTICAL  APPLICATIONS.  A.  Altshuler,  S.  Broude,  C.  Hantzis, 
A.S.  Karakashian,  Physics  Dept.,  University  of  Lowell, 
Lowell,  MA  01854 

A  theoretical  model  has  been  developed  for  a  diamond/semi¬ 
conductor  heterojunction  based  on  a  molecular  dynamics 
and  pseudo-potential  approach. 

Characteristics  of  the  structure  are  estimated  and  the 
performance  in  electro-optical  applications  such  as 
wave-guides,  detectors,  LEDs  and  quantun-wel 1  devices 
is  predicated. 

F3.4 

INFRARED  AND  RAMAN  CHARACTERIZATION  OF  THE 
HYDROGEN  ENVIRONMENTS  IN  DIAMOND  AND  DIAMOND-UKE 
FILMS.  Y.M  LeGrice,  EC  Buehler,  RJ.  Nemsnich.  Dept,  of  Physics, 
North  Carolina  State  University,  Raleigh,  NC  27699;  J.T.  Glass,  Dept  of 
Materials  Science  and  Engineering,  North  Carolina  State  University;  K_ 
Kobashi,  Electronics  Technology  Center,  Kobe  Steel,  Ltd.,  Kobe,  Japan. 
691;  F.  Jensen  and  MA.  Machonldn,  Xerox  Oorp,  Webster,  NY  14980. 
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It  is  well  known  that  H  plays  an  important  role  in  the  growth  of  diamond 
and  diamond-like  thin  Aims  by  activated  CVD  processes.  We  have 
investigated  films  prepared  under  varying  conditions  with  IR  and  Raman 
spectroscopy.  The  growth  temperatures  were  varied  in  one  series,  while 
the  concentration  of  CH4/H2  was  varied  in  another.  In  the  IR,  two  bands 
at  approximately  2880  and  2970  cm*1  were  observed,  due  to  the  stretching 
mode  of  the  C-H  and  C-H2  bonds.  From  this  it  was  determined  that  the  C- 
H  and  C-H2  environments  were  present,  and  that  the  carbon  was  sp3 
bonded.  The  intensity  of  this  absorption  band  was  then  correlated  to  the 
Raman  scattering  spectrum.  It  was  found  in  the  Raman  measurements  that 
there  was  a  natural  progression  from  diamond-like  films  to  diamond  films. 
This  progression  was  observed  as  H  incorporation  was  decreased,  so  that 
films  containing  the  largest  amount  of  H  were  more  diamond-like  than 
those  with  little  H.  No  sharp  transition  of  the  H  incorporation  vs  the 
growth  parameters  was  observed  Aspects  of  the  growth  process  are 
discussed  based  on  these  results. 

♦Supported  in  part  by  SDIO/IST  through  the  ONR  under  contract  N00014- 
86-K-O666. 

F3.5 

ELECTRONIC  STRUCTURE  AND  ENERGY  PARAMETERS  OF 
DIAMOND  NUCLEI-  A  FIRST  PRINCIPLES  CLUSTER  AP¬ 
PROACH.  A.  Altshuler,  M.  Wilner.  C.C.  Ai  and  Y.C.  Yang,  Physics 
Department,  University  of  Lowell,  Lowell,  MA. 

We  present  results  of  Multiple-Scattering  X-alpha  Self-Consistent 
Field  (MS-Xa-SCF)  calculations  of  electronic  states  and  total  ener¬ 
gies  of  small  clusters  of  carbon  atoms  arranged  in  diamond-lattice 
positions.  Relaxation  of  bond  lengths  gives  the  equilibrium  strucure 
of  the  diamond  clusters,  considered  as  nucleation  centers.  Com¬ 
parison  of  total  energies  of  clusters  of  increasing  size  enables  us  to 
estimate  the  surface  energy  of  these  nucleation  centers,  which  are 
to  be  used  as  paramenters  in  a  thermodynamic  theory  of  diamond 
nucleation  and  growth. 

We  present  results  of  similar  calculations  on  these  same  clusters 
modified  to  simulate  their  embedding  in  bulk  diamond.  We  obtain 
in  this  way  a  small-cluster  model  of  bulk  diamond,  and  identify  mo¬ 
lecular  orbital  precursors  of  conduction  and  valence  bands. 

F3.6 

EFFECT  OF  DIFFERENT  CH, -H2  CAS  COMPOSITIONS  ON  THE 
MORPHOLOGY  AND  GROWTH  RATE  OF  DIAMOND  CROUN  BY  HOT 
FILAMENT  CVD.  Edward  N.  Farabaurh  and  Albert  Feldman, 
National  Institute  of  Standards  and  Technology. 

Gaithersburg,  MD 

Diamond  film  growth  has  been  carried  out  on  single  crystal 

51  and  polycrystalline  mulllte  substrates  by  hot  filament 
chemical  vapor  deposition.  Both  substrates  offer  a  good 
thermal  expansion  match  to  diamond.  Gas  mixture  ratios  of 
CH.  :H,  ranged  from  0.1 -1.0%.  The  remaining  deposition 
parameters  were:  substrate  temperature,  750 'C;  filament 
temperature,  1800‘C;  gas  pressure,  40  torr;  gas  flow  rate, 

52  seem  except  for  the  0.1%  CH,  :H2  ratio  deposition  in 
which  the  flow  rate  was  120  seem.  Film  thicknesses  were 
determined  from  cross  sectional  SEM  micrographs.  The 
average  growth  rates  on  the  mulllte  increased  with 
increasing  CH,  gas  fraction,  ranging  from  0.05  pm/hr  to 
0.21  pm/hr.  Growth  rates  on  the  Si  substrates  were 
slightly  lower  for  identical  growth  conditions.  Surface 
SEM  micrographs  revealed  that  the  roughness  of  the  films 
decreased  with  increasing  CH,  gas  fraction  during 
deposition.  X-ray  diffraction  patterns  showed  that 
crystalline  grain  size  in  the  films  decreased  with 
increasing  CH,  gas  fraction.  No  preferred 
crystallographic  orientation  was  seen  in  the  diffraction 
patterns.  Isolated  particles  ware  also  grown  on  Si 
substrates  under  the  same  deposition  conditions  at  the 
film  growth.  At  the  CH,  gas  fraction  Increased,  the 


particle  growth  displayed  increasing  rates  of  secondary 
particle  nucleation  resulting  in  a  less  well  faceted 
morphology . 

F3.7 

DEPOSITION  OF  DIAMOND  FILMS  BY  A  SCANNING  OXYGEN- 
ACETYLENE  FLAME.  Yonhua  T zena  .  Calvin  Cutshaw, 
and  Richard  Phillips,  Electrical  Engineering  Dep¬ 
artment,  Auburn  University,  Alabama  36849. 

Diamond  films  of  high  quality  have  been  deposited 
on  various  substrates,  e.g.  silicon,  by  an  oxygen 
acetylene  flame  operating  at  one  atmosphere  pre¬ 
ssure  in  air  as  well  as  oxygen  rich  or  oxygen  de¬ 
ficient  ambient.  High  quality  diamond  films  are 
composed  of  well  defined  octahedral  or  cuboctahe- 
dral  diamond  crystallites  that  are  optically  tra¬ 
nsparent  in  the  visible  light  range  and  are  char¬ 
acterized  by  a  Raman  peak  similar  to  that  for  na¬ 
tural  diamond.  The  physical  properties  as  well 
as  surface  morphology  of  diamond  films  are  stron¬ 
gly  dependent  on  the  experimental  parameters  such 
as  substrate  temperature,  flame  composition,  gas 
flow  speed,  distance  between  the  inner  cone  of 
the  flame  and  the  substrate,  the  tilted  angle  of 
the  flame  with  respect  to  the  substrate  and  the 
ambient  gas  composition  which  can  be  varied  by 
flowing  gases  towards  the  substrate  through  the 
flame  that  is  tilted  at  an  angle  wrt  to  substrate. 

By  varying  the  flame  composition  with  time  and 
scanning  the  flame  across  the  substrate,  diamond 
films  can  be  deposited  in  several  minutes  on  si¬ 
licon  substrates.  We  will  discuss  the  microstru¬ 
ctures  of  diamond  crystallites  and  the  physical 
and  electrical  properties  of  diamond  films  based 
on  data  obtained  from  Raman  spectroscopy,  I-V, 

SEM,  surface  profilometry  and  optical  emission 
spectroscopy.  The  advantages  and  disadvantages 
of  the  flame  CVD  technique  will  be  presented. 

F3.8 

ENHANCEMENT  OF  DIAMOND  SP3  BONDING  IN  RF  SPUTTERED 
CARBON  FILMS  WITH  NITROGEN  GAS  ADDED  : 

C.  ,7.  TORNG.  T.  YEH  and  J.  M.  SIVERTSEN,  DEPT.  OF 
CHEM.  ENG.  AND  MAT.  SCI.,  U.  OF  MINNESOTA,  J.  H. 
JUDY,  DEPT.  OF  ELEC.  ENG.,  U.  OF  MINNSAOTA, 
MINNEAPOLIS,  MN  55455 

Thin  carbon  films  were  prepared  by  RF  diode 
sputtering  of  a  graphite  target  in  a  mixed 
nitrogen/argon  plasma.  A  series  of  carbon  thin 
films  were  deposited  as  a  function  of  nitrogen 
partial  pressure.  The  substrates  were  Corning  #2 
cover  glass.  We  observed  a  systematic  variation  of 
the  properties  of  the  carbon  thin  films  with 
increasing  nitrogen  partial  pressure.  Auger 
electron  spectroscopy  (AES) ,  X-ray  photoelectron 
spectroscopy  (XPS) ,  TEM  diffraction  study  showed 
that  nitrogen  stabilizes  the  sp3  diamond  bonding 
in  some  instances  more  than  in  a-C:H  films. 

From  AES  studies,  it  was  shown  that  as  the 
nitrogen  partial  pressure  increases  to  1  mtorr  or 
above,  in  a  total  sputtering  pressure  of  10  mtorr, 
the  carbon  Auger  spectrum  (in  fine  structure)  is 
identical  to  the  diamond  Auger  spectrum.  XPS 
studies  also  show  that  the  diamond  phase  (which 
has  a  binding  energy  of  287.28  ev)  is  present,3 
and  its  amount  increased  as  the  nitrogen  partial 
pressure  increased.  Further  characterization  of 
these  carbon  thin  films  by  TEM  diffraction, 
optical  ellipsometry  and  dielectric  constant 
measurements  also  will  be  discussed  in  this  paper. 

REFERENCES  : 

1.  T.  Mori  and  Y.  Namba,  J.  Appl  .  Phys .  55, 

3276  (1984)  . 
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F3.9 

IM’ORTANCK  OF  FILAMhNf  KI.ACIIVin  I -Ok  CV|)  DIAMOND 
GROW  TH.  MSonuner  and  F.W.Smilh.  lXparlmenl  of  Physics,  City 
College  of  M-w  York,  Convenl  Ave.  At  1.18th  St..  N?w  York,  NY  lOOil. 

We  report  on  an  investigation  of  the  behavior  of  a  W  filament  heated 
in  mixtures  of  CH4  and  Hi  (1200  to  2500C,  9  and  25  Torr,  CH„/  H2 
-  1%  and  4%).  After  the  filament  has  been  thermally  converted  to 
WVC  (1<\$2).  evidence  for  the  existence  of  a  layer  of  graphitic  carbon 
on  the  filament  surface  has  been  obtained  from  emissivity  measure¬ 
ments.  I  lie  removal  of  the  C  deposit  at  a  high  enough  temperature 
(2250-2280C)  has  been  observed  from  emissivity  and  also  from  resis¬ 
tance.  power  consumption  and  reactivity  studies.  The  reactivity  of  the 
filament  surface  (i-e.  its  efficiency  in  dissociating  H2  and  CH4)  increases 
dramatically  when  regions  of  the  surface  become  O-free.  The  transition 
temperature  from  deposition  to  etching  (i.e  from  a  C-covered  to  a  (  -I  ree 
filament  surface)  and  its  dependence  on  the  CH4/  H2  ratio  are  in  good 
agreement  with  our  thermodynamic  model1.  Since  atomic  hydrogen 
plays  a  vital  role  in  CVD  diamond  growth,  our  results  show  the 
importance  of  operating  the  filament  using  conditions  where  the  sur¬ 
face  is  clean  and  hence  most  reactive.  We  will  indicate  how  measure¬ 
ments  of  filament  resistance  and  power  consumption  can  be  used  in  a 
simple  manner  to  monitor  the  C  coverage,  and  hence  reactivity,  of  the 
filament  surface. 

I. MSoinmer,  K.Mui  &  F.W.Smith,  Solid  State  Communications,  69  (7) 
775-8(1989) 

F3.10 

H1GH-KATE  DEPOSITION  OF  DIAMOND  BY  DC  ARC  DISCHARGE 
IN  HYDROCEN-METHAN  MIXTURE  GAS  Xiang-Liu  JIANG  , 

Beijing  Institute  of  Science  and  Technology  ,  Beijing,  China  ;  Fang-Qing 
ZHANG,  Ying-Hu  YANG  .  Jing-Qi  LE  ,  and  Bing  YANG  .  Lanzhou 
University,  Department  of  Physics.  Lanzhou,  China. 

The  preparation  of  diamond  filma  with  applicable  structure  ,  proper¬ 
ties,  uniformity  and  repeatability  is  undoublely  required  for  the  fabrication  of 
electronic  devices  using  the  diamond  films  as  the  structural  layers. 

In  this  study,  the  polycrystalline  diamond  films  with  high  growth- 
rate  have  been  synthesized  by  dc  arc  discharge  plasma  CVD  in  a 
mixture  gas  of  CH«(1%)  and  H3  (99%) .  The  diamond  films  are  deposited  on 
water-cooled  silicon  and  molybdenum  substrates  at  gaseous  pressure  of 
200  Torr.  The  typical  arc  discharge  is  performed  at  200V  and  4A,  while 
the  hydrogen  flow  rate  is  about  3000-3500  seem.  The  crystallinity  of 
diamond  films  prepared  are  characterized  well  by  X-ray  difieraetion  (XRD), 
Raman  spectroscopy,  and  scanning  electron  microscopy  (SEM).  It  is  verified 
by  XRD  and  Raman  measurements  that  the  synthesised  diamond  films 
are  identified  as  natural  cubic  diamond  structure  and  contain  substantially 
no  graphite  or  amorphous  carbon.  SEM  photographs  show  that  the  crystal 
grain  size  reachs  60-40  pm  and  the  average  growth  rate  of  diamond  films, 
deposited  during  4  hours,  is  about  40-40  pm/h.  However,  it  is  observed 
that  the  crystal  grain  size  and  the  film  thickness  are  not  proportional  to 
the  deposition  time . 

The  characterization  results  of  structure  and  physical  properties  for 
the  prepared  diamond  films  are  reported,  and  the  possible  applications 
for  electronic  device  fabrication  are  discussed. 

F3.ll 

INTRA-  AND  INTERGRANULAR  FRACTURE  OF  DIAMOND  THIN 
FILMS,  h.a.  Hoff.  A. A.  Morrish,  J.E.  Butlar,  and 
B.B.  Rath,  Naval  Raaearch  Laboratory,  Nashing- 
ton,  DC;  and  N.A.  Carrington,  University  of 
Florida,  Tampa,  FL. 


Diamond  thin  films  have  been  synthesized  at  low 
pressures  by  chemical  vapor  deposition  (CVD) 
and,  recently,  at  ambient  atmosphere  with  an 
oxygen-acetylene  welding  torch,  both  on  Si  as  a 
substrate.  By  the  application  of  appropriate 
thermal  or  mechanical  stresses  to  the  substrate, 
the  diamond  films  can  be  delaminated.  The  dela¬ 
minated  films  even  when  only  a  few  microns  thick 
can  be  handled  easily  without  fracturing. 

Scanning  electron  microscopy  (SEM)  examination 
of  fractured  CVD  diamond  films  shows  the 
presence  of  both  intra-  and  inter-granular 
fracture  attesting  to  the  inherent  strength  of 
the  films.  Using  transmission  electron  micros¬ 
copy  (TEM) ,  twinning  and  stacking  faults  are 
seen  within  the  crystallites  of  the  films.  By 
combining  SEM  and  TEM  examination,  the  relative 
degree  of  intragranular  fracture  found  in  films 
synthesized  by  both  CVD  and  oxygen-acetylene 
torch  has  been  investigated.  Possible  mecha¬ 
nisms  for  the  intragranular  fracture  and  the  re¬ 
lative  strength  of  such  films  will  be  discussed. 

F3.12 

APPLICATION  OF  A  THERMOBALANCE  FOR  STUDYING 
DEPOSITION  KINETICS  OF  DIAMOND  FILMS. 

Jerry  Czarnecki,  David  Thumim;  Cahn  Instru¬ 
ments,  16207  Carmenita,  Cerritos,  CA  90701 

In  spite  of  the  tremendous  progress  in  the 
field  of  deposition  of  diamond  films,  full 
control  of  the  processes  involved  is  still 
to  be  developed.  The  ultimate  goal:  mono¬ 
crystalline  growth  of  diamond  on  non-diamond 
substrates  reguires  better  insight  into  the 
elementary  processes.  Due  to  the  limitations 
in  the  presently  available  instrumentation, 
too  little  is  known  about  kinetics  of  diamond 
deposition. 

Thermobalances  present  large  potential  for 
studying  kinetics  of  diamond  growth,  as  they 
provide  continuous  monitoring  of  the  process, 
as  well  as  temperature-  and  environment 
control,  especially  in  Hot  Filament-,  and 
Laser-Enhanced  CVD.  A  Cahn  thermobalance  type 
TG-171  has  been  applied  to  study  HFE  CVD 
deposition  of  diamond  and  diamond- like  films 
from  CH4.  Changes  in  the  deposition  rates 
during  each  individual  process  may  indicate 
three  stages  of  the  deposition  kinetics: 

1-  generation  of  nuclei  (slow,  linear?); 

2-  growth  on  nuclei  (exponential);  3-  growth 
on  the  surface  of  diamond  film,  completely 
covering  the  substrate  (fast,  linear)  . 

An  attempt  to  determine  the  concentration  of 
graphite  in  the  deposited  layer,  based  on 
differences  in  oxidation  rates  of  diamond 
and  graphite  has  been  proposed,  as 
supplementary  to  X-ray  diffraction  method. 

F3.I3 

FAR  INFRARED  LASER  MEASUREMENTS  OF  DIAMOND 
FILMS.  Lawrence  P.  Bourget  and  Dr.  Richard  S.  Post, 
Applied  Science  and  Technology,  Inc.,  35  Cabot  Road, 
Woburn,  MA  01801;  and  Dr.  Robert  Giles,  Andrew 
Gatesman,  and  Greg  Phillips,  Department  of  Physics, 
Lowell  University,  Lowell,  MA  01854. 

This  paper  will  discuss  polycrystalline  diamond 
deposited  onto  silicon  using  a  high  pressure  microwave 
plasma  source.  These  films  were  characterized  using 
ellipsometric  measurement  techniques  with  far  infrared 
(300  GHz  -  3000  GHz)  laser  sources,  as  well  as  FTIR. 
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The  deposited  films  were  found  to  be  only  weakly 
absorbing  in  this  band. 

The  film  characteristics  and  their  dielectric  properties 
will  be  presented. 

F3.14 

CHARACTERIZATION  OF  HOLLOW- CATHODE  DC  DISCHARGE  GROWTH 
OF  DIAMOND  -  H.N.  Chu,  A.R.  Lefkcw,  R.  Redwing, 

L.W.  Anderson,  M.G.  Lagally,  J.E.  Lawler,  Department  of 
Physics,  University  of  Wisconsin,  Madison  WI  53706 

Diamond  films  have  been  grown  by  a  variety  of  methods. 

Of  these,  especially  in  t  res  ting  is  the  work  reported 
on  the  use  of  hollow-cathode  discharges.  We  have  grow 
diamond  on  Si  (100)  using  a  Ta  spiral  hollow  cathode 
and  0.5*  CH4  in  H2  at  30  Torr  and  80  scan,  with  150V 
potential  and  a  1  an  sub6trate-cathode  spacing.  The 
substrate  temperature  is  900  C  and  the  growth  rate  is 
about  0.5  um/hr.  The  existence  of  diamond  was 
verified  with  both  Raman  scattering  and  scanning 
electron  microscopy.  We  have  also  used  a  solid  Cu 
electrode  with  an  abnormal  glow  discharge.  In  order  to 
attempt  to  understand  the  plasma  chemistry,  we  have 
made  emission  measurements  of  the  different  glow 
regions.  We  observe  a  glow  near  the  cathode,  a  dark 
space,  and  a  second  glow  near  the  anode.  He  shall 
describe  emission  measurements  as  a  function  of  anode- 
cathode  spacing  and  atteapt  to  relate  them  to  the 
growth  rate  of  the  diamond  film. 

Research  Supported  by  NSF  Grant  No.  CER-8721545  in 
support  of  the  Qiglneering  Research  Center  -  Plasma 
Aided  Manufacturing. 

F3.15 

FREE-STANDING  CVD  DIAMOND  SHAPES  AND  COATINGS.  Donald 
F  Patterson  Robert  H.  Hauge,  and  John  L.  Margrave.  Rice  University  and 
the  Houston  Area  Research  Center,  4802  Research  Forest  Dr.,  The 
Woodlands.  TX  77381. 


Free-standing  CVD  diamond  film  cylinders  have  been  prepared  via  the  hot 
filament  technique.  The  cylinders  have  been  characterized  by  both  Raman 
spectroscopy  and  X-ray  diffraction.  The  cylinders  have  been  prepared  to 
have  either  a  rough  interior  and  a  smooth  exterior  or  vice  versa.The  rough 
side  is  used  to  form  physical  bonds  to  a  second  surface.  Methods  of 
transferring  and  bonding  diamond  cylinders  to  another  cylinder  will  be 
discussed.  Other  free-standing  diamond  forms,  bonding  techniques,  and 
potential  coatings  applications  will  also  be  discussed. 

F3.16  ABSTRACT  WITHDRAWN 

F31.7 

LASER  ASSISTED  TECHNIQUES  FOR  DIAMOND  AND 
DIAMONDLIKE  THIN  FILMS  J.  Krishnaswamy.  A.  Rengan,  G.  Matera, 
M.  Longo,  A.  Srivatsa  and  J.  Narayan,  Dept,  of  Materials  Science  and 
Engineering  and  R.  Nemanich,  Dept,  of  Physics,  North  Carolina  State 
University,  Raleigh,  N.  C.  27695-7916. 

We  describe  preliminary  results  of  diamond  and  diamondlike  thin 
films  produced  by  laser  assisted,  hot  filament  CVD  and  laser  ablation  & 
plasma  hybrid  techniques.  The  hot  filament  CVD  films  are  deposited  from 
hydrocarbon  percursors  on  a  continuously  excimer  illuminated  silicon 
substrate  and  the  diamondlike  films  are  deposited  using  a  laser  ablation  and 
plasma  hybrid  technique  wherein  graphite  targets  are  ablated  in  hydrogen 
and  hydrogen  free  ambients.  Microhardness  and  optical  band  gap 
measurements  of  the  laser  deposited  films  show  an  inverse  correlation  as  a 
function  of  substrate  temperature.  Microstructure  and  property  correlations 
of  the  films  as  characterised  by  TEM,  FTIR,  SIMS,  and  Raman  techniques 


are  discussed.  We  compare  hydrogen  incorporation  in  diamond  films 
prepared  by  CVD,  amorphous  hydrogen  free  and  hydrogenated  films  by 
laser  ablation  and  plasma  hybrid  technique(l)  and  hydrogenated  amorphous 
DLC  films  by  soft  vacuum,  CW  electron  beam  cracking  of  methane  and 
acetylene  (2).  The  nature  of  diamond  epitaxy  on  various  substrates  will  be 
addressed. 

References: 
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2.  J.  Krishnaswamy,  L.  Andriunas,  H.  Zamani,  C.  Collins  and  M.  Caolo, 
1988  Spring  Meeting  of  MRS,  Nevada 

F3.18 

Laser-Flash  Method  for  Investigating  the  Thermal 
Conductivities  of  Diamond  Thin  Films  Synthesized  by 
EA-CVD.  Yang  Peichun  Pu  Xin  Xuan  Zhenwu 

Qi  Lichang  and  Hou  Li  Research  Institute  of 
Synthetic  Crystals  P.O.  Box  733,  Beijing  100018 
P.R.  China. 

Natural  XXa  diamond  crystal  exhibits  extremely  high 
thermal  conductivity,  which  (X-  21  w/CM  K  )  Is 
fivs  times  higher  than  that  of  copper  at  room 
temperature.  So,  it  is  vary  important  to  make 
relative  precise  measurement  of  thermal  conductivi¬ 
ties  of  the  diamond  thin  films  for  its  use  as 
semiconductor  materials,  especially  as  heat  sinks 
used  in  electronic  devices.  In  this  report,  the 
thermal  conductiviites  of  diamond  thin  films 
(  diamond  thin  films  was  etched  from  Si  substrate 
by  mixed  solution  of  KNo>  and  HF  3:1  in  Volume  ) 
which  synthesized  by  EA-CVD  under  different  deposi¬ 
tion  conditions  were  investigatied  by  Laser-Flash 
method.  The  influences  of  deposition  conditions, 
such  as,  the  concentration  of  hydrocarbon  gases, 
substrate  temperatures  and  crystallography  struc¬ 
tures  of  the  films  on  their  thermal  conductivities 
were  analysed.  The  results  provide  some  effective 
information  for  the  application  of  diamond  thin 
films  in  electronic  devices. 

F3.19 

Study  for  Growing  Diamond  Films  (DF)  on  Surfaces  of 
Various  Materials.  Pu  Xin  Yang  Peichun 

Xuan  Zhenwu  Qi  Lichana  and  Hou  Li  Research 

Institute  of  Synthetic  Crystals,  P.O.  Box  733, 
Beijing  100018,  P.R.  china. 

In  this  paper,  deposition  of  DF  on  surface  of  some 
materials  as  substrates  by  electron-assisted  cvd 
technigue  is  raportsd.  The  materials  used  as  subs- 
tratas  wars  Si,  Mo,  Cu,  Diamond  Ceramics  and  quartz 
glass, etc. 

In  the  experiment,  Ha  ,  CHy  ,  and  CaHjOH  were  used 
as  gas  sources.  Ths  tungsten  filament  heated  up  to 
2000 *C  was  adopted  for  thermal  decomposit  device, 
and  a  direct  voltage  between  filament  and  holder 
below  the  substrate  was  applied  .  The  filament  is 
negative  and  holder  positive.  The  elementary  para¬ 
meters  of  experiments  are  as  following:  total  flow 
of  gases  50-200  cc/min  ;  the  content  of  hydro¬ 
carbon  in  gases  C. 5-2.0  %  ;  the  temperature  of  sub¬ 
strates  600-900  C  ;  Ths  voltage  between  filament 
and  holder  50-150  V  .  The  1333  cm"'  peak  in  Raman 
spectrum  of  samples  obtained  at  precious  condi¬ 
tions  show  that  they  are  polycrystalline  diamond 
films.  The  crystallography  morphogy  was  obsarved 
with  SEM. 

Results  of  the  experiments  showed  that  differences 
of  the  forming  nucleation  and  depositing  processes 
by  changing  operative  paramenters  vara  quite  obvious 
.  Especially,  they  wars  different  between  each 
other  for  various  substrates, although  the  operative 
conditions  vara  aimilar.  The  praaant  raaaarch  ia 
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important  in  increasing  spaed  of  growth  and 
improving  quality  of  growing  DF  and  is  quits 
valuable  in  application. 

F4.1 

HOMOEPITAXIAL  DIAMOND  FILMS,  M .  w  r,p  ■  3 .  Lincoln  Laboratory, 
Massachusetts  Institute  of  Technology,  Lexington, 
Massachusetts  02173 

Homoepi t axia 1  growth  techniques  are  being  developed  to 
obtain  device  quality  films.  The  hot  filament  technique  was 
used  to  produce  epitaxial  films  on  (100)-,  (110)-,  and 
( 11 1 ) -oriented,  type-IIa  diamond  substrates.  Hydrogen, 
containing  3\  acetone,  was  used  to  grow  the  films  and 
B(OCH3)3  was  added  to  the  gas  mixture  when  boron-doped  films 
were  desired.  The  filament  temperature  was  2200  °C,  as 
determined  by  an  optical  pyrometer,  and  the  substrates  were 
placed  on  a  850  °C  carbon  substrate  holder,  0.4  cm  below  the 
filament.  The  system  was  operated  at  a  pressure  of  0.2  bar 
and  the  residence  time  of  the  gases  in  the  chamber  was 
10  minutes.  Films  as  thick  as  20  )im  have  been  obtained 
without  cracking  or  polycrystalline  growth.  For  undoped 
films,  growth  rates  of  1.3,  4.1,  and  1.8  )im  h"1  were 
obtained  on  (100)-,  (110)-,  and  (111) -oriented  substrates, 

respectively.  The  growth  on  the  (100) -oriented  substrates 
was  smooth  while  films  on  (110)-,  and  ( 1 1 1 ) -or ient ed 
substrates  were  rough.  with  the  addition  of  B(OCK3)3, 
growth  rates  of  6.6,  14,  <0.7  ^im  h“^  were  obtained  on 
(100),  (110),  and  (111)  substrates,  respect ively .  Films  on 

(100)  -  and  (110) -oriented  substrates  were  smooth  while  those 
on  (111)  substrates  were  very  rough.  The  undoped  films  were 
insulating  and  the  doped  films  had  resistivities  on  the 
order  of  of  3x10"^  Q  cm  with  boron  concentrations  in  excess 
of  1020  cm”3.  7he  films  were  epitaxial  as  determined  by  x- 
ray  and  reflection-electron  diffraction.  Twinning  occurred 
only  in  the  boron-doped  films  grown  on  (111)  substrates. 
Dislocation  densities  less  than  10®  cm”2  were  obtained  with 
the  undoped  films  on  ( 1 00 ) -or iented  substrates,  as 
determined  by  transmission  electron  microscopy.  Initial 
results  of  secondary  ion  mass  spectrometry  indicate  that  the 
films  contain  only  carbon  and  boron.  This  presentation  will 
discuss  the  epitaxial  growth,  and  requirements  for 
semiconductor  quality  material. 

-This  work  was  sponsored  by  SDIO/OST  through  the  Office  of 
Naval  Research. 

F4.2 

ELECTRICAL  PROPERTIES  OF  HOMOEPITAXIAL  DIAMOND  FILMS. 

C,  Sh  Oildenhlm  .  S.  A.  Grot,  C.  W.  Hatfield,  C.  R.  Wronski,  A.  R. 
Badzian,  T.  Badzian,  and  R.  Messier,  The  Penn  State  University, 
University  Park,  PA  16802. 

We  describe  the  results  of  electrical  characterization  of 
homoepitaxial  diamond  fil.  r».  This  includes  measurements  of 
film  resistivity,  I-V  and  C-V-F  characteristics  of  Schottky  diodes 
with  a  homoepitaxial  diamond  base,  ohmic  contact 
characterization  using  a  modified  Shockley  ladder  structure  and 
the  effect  of  surface  treatments  on  film  properties. 

Single  crystal  and  polycrystalline  homoepitaxial  diamond  films 
were  grown  using  a  microwave  plasma  assisted  chemical  vapor 
deposition  process.  Single  crystal  diamond  (lOO)-oriemed 
substrates  were  obtained  by  cutting  natural  industrial  type 

diamond.  Both  doped  and  undoped  diamond  films  were 

investigated.  The  doping  was  achieved  by  placing  boron  powder 

on  the  substrate  holder  inside  the  deposition  chamber.  The 
diamond  nature  of  the  films  was  confirmed  using  Raman 

spectroscopy,  x-ray  diffraction  and  other  methods. 

Evaporation  of  gold,  aluminum,  and  titanium  through  shadow 
masks  was  used  to  form  test  structures  for  the  electrical 
characterization  of  the  films.  Schottky  diodes  with  excellent 
rectifying  characteristics  were  obtained  using  a  single  crystal 
homoepitaxial  base.  As  in  the  case  of  Schottky  diodes  with  a 
polycrystalline  diamond  base,  diode  characteristics  are 
controlled  by  deep  acceptors. 


F4.3 

IN -SITU  CHARACTERIZATION  OF  THIN  POLY¬ 
CRYSTALLINE  DIAMOND  FILM  QUALITY  BY 
THERMAL  WAVE  AND  RAMAN  TECHNIQUES. 

R.W.  Prvor.  P.K.  Kuo,  L.  Wei,  R.L.Thomas  and  P.L.Talley 
Institute  for  Manufacturing  Research  and  Department  of 
Physics, Wayne  State  University,  Detroit,  MI  48202,  USA 

In  this  paper,  the  thermal  wave  technique  and  microfocus  Raman 
spectroscopy  are  applied  to  the  measurement  of  the  relative  quality  of  thin 
diamond  films  deposited  on  silicon  and  other  substrate  materials.T he  ther¬ 
mal  wave  technique  uses  a  modulated  heating  laser  beam,  normal  to  the  dia¬ 
mond  film  surface,  to  initiate  a  thermal  wave  which  propagates  into  the  film 
and  the  substrate.  The  resulting  modulated  surface  temperature  profile 
launches  a  thermal  wave  in  the  overlying  gas(ses).  The  accompanying 
modulated  gas  density  is  then  interrogated  by  a  second  (probe)  laser  beam. 
The  probe  beam  is  deflected  by  the  corresponding  periodic  changes  in  the 
gradient  of  the  refractive  index  of  the  gas.  The  probe  beam  deflection  versus 
offset  position  information  is  fitted,  using  a  theoretical  solution  of  the  three- 
dimensional  thermal  diffusion  equation  for  the  gas  /  film  /  substrate  system. 
The  physically  important  parameter  for  this  application  of  the  method  is  the 
value  obtained  for  the  diffusivity  of  the  measured  diamond  film.  Thermal 
conductivities  derived  from  our  diffusivity  measurements  using  this  method 
compare  well  to  previous  measurements  on  similarly  prepared  films  by 
other  methods.  Currently  measured  values  for  the  thermal  conductivity  of 
high-quality  polycrystalline  diamond  films  are  of  the  order  of  9  W/cm.K. 

A  multiscan,  microfocus  Raman  spectroscopy  technique  is  also  applied  to 
the  same  films  to  determine  the  diamond  to  "graphite"  ratio  for  a  relative 
film  quality  assessmenL  Measured  values  of  thermal  conductivity  for  lower 
diamond  content  films  range  between  the  9  W/cm.K  value  and  the  thermal 
conductivity  of  graphite.  Measurements  have  also  been  made  on  bulk  dia¬ 
mond  using  the  thermal  wave  technique. 

This  work  was  supported  by  the  Institute  (or  Manufacturing  Research.  Wayne  State 
University  and  by  the  Army  Research  Office  under  Contract  No.  DAAL03-88-K-0089 

F4.4 

REGROWTH  OF  RADIATION  DAMAGED  LAYERS  IN  DIAMOND  PRODUCED  BY 
ION  IMPLANTATION  AT  LIQUID  NITROGEN  TEMPERATURE.  G  S.  Sandhu,  B. 
Liu,  M.L.  Swanson  Department  of  Physics  and  Astronomy,  University  of 
North  Carolina,  Chapel  Hill,  NC;  and  W.K.  Chu,  Texas  Center  lor 
Superconductivity,  University  of  Houston,  TX.  77204-5506,  USA 


The  recrystallization  of  radiation  damaged  layers  in  natural  diamond 
created  by  ion  implantation  is  an  interesting  problem  due  the  inherent 
instability  of  the  diamond  phase  at  normal  temperatures  and  pressures. 
Recent  successes  with  the  CVD  deposition  of  diamond  films  and  doping  of 
natural  diamond  by  ion  implantation  have  brought  diamond 
microelectronics  closer  to  practical  realization.  Unfortunately,  diffusion 
of  interstitials  and  vacancies  as  well  as  identification  of  various  detects  in 
diamond  are  not  very  well  understood  problems.  We  have  used 
RBS/Channeling  and  optical  absorption  to  study  the  regrowth  of 
disordered  layers  in  diamond  produced  by  implantation  at  77K  with 
carbon,  or  carbon  plus  boron  ions.  Post  implantation  annealing  has 
shown  a  large  annealing  step  at  500  °C  which  could  arise  due  to 
interstitial/vacancy  diffusion.  The  effect  of  furnace  annealing  versus  RTA 
will  be  discussed  in  terms  of  interstitial  and  vacancy  diffusion  in 
diamond.  Optical  measurements  on  the  boron  plus  carbon  Ion  implanted 
samples  after  RTA  have  shown  large  new  absorption  bands  around  1060 
cm-1  which  could  be  due  to  the  formation  o(  boron  related  delects  in 
diamond. 


Additional  treatment  of  the  homoepitaxial  film  turface  can 
induce  the  transition  from  rectifying  to  ohmic  behavior  of  the 
metal/CVD  diamond  contacts. 
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F4.5 

D.C.  IBS  A* C. CONDUCTIVITY  OF  DIAMOND  FILMS. G.A.So- 
A. A. Bo t ay F  l.L.Bouilov,  S.V.Bantaekov, 

0. I. Lazareva,  I.G.TaretMtskajra.  Ins ti tut a  of  Physi¬ 
cal  Chemistry  of  tha  Academy  of  Sciences  of  the 
USSR,  Leninsky  Prospect,  31,  Moscow  117915,  USSR, 

Owing  to  the  finding  in  the  field  of  diamond  syn¬ 
thesis  from  an  activated  gaseous  phase,  diamond  po- 
lycxystalline  films(DPP)  can  be  obtained  on  hete¬ 
rogeneous  substrates  on  areas  measured  in  cm.  We 
studied  the  influence  of  temperature  S  on  static 
Gd  and  dynamic  G  electrical  conductivity  of  di¬ 
amond  films  in  theays terns  tungsten  substrate-dia¬ 
mond  film-equadag  electrode.  DPP  were  obtained  by 
the  method  of  chemioal  crystallisation  from  an  ele¬ 
ctrically  activated  gaseous  phase.  Tungsten  sub¬ 
strates  with  an  area  of  0.5  cm  were  used.  The  tem¬ 
perature  of  the  substrates  (T  )  was  varied  from 
800°  to  1200°C.  c 

The  structure  of  the  films  was  studied  by  the  me¬ 
thods  of  fractography  and  X-ray  diffrac tome try. The 
visible  dimensions  of  the  crystallites  and  the  di¬ 
mensions  of  the  regions  of  coherent  ncattering(RCS) 
were  determined.  Gd  (T)  and  G  (T)  of  DPP  were  mea¬ 
sured  in  the  tempefiture  range  T«( 300-900 )K  for 
diamond  films  obtained  for  different  T  .  In  the 
studied  temperature  range ( 300-900 )K  there  are  two 
temperature  regions,  in  each  of  these  regions  Gd 
is  described  by  the  exponent  with  its  own  activa¬ 
tion  energy  value  B.  According  to  obtained  data  the 
law  of  the  change  of  G  (f)  can  be  written  as  G.e 
f ",  where  the  power  index  decreases  with  increasing 
T.  Experimental  results  of  temperature  variation 
of  conductivity  are  considered  on  basis  of  grain- 
boundary  model. 

F4.6 

SH.hCTIVfc  M  CI.EAT  I  ON  BASK U  EPITAXY  Oh  CVD  DIAMOND  AND  ITS 
APPLICABILITY  TO  SHMIC0NDICT1NG  DHVICK 

II .  kawarada.  .l.S.Ma.  *T .  Yonehara ,  Y.Yoknta.  Y.Mori.  J.kei 
and  A.tliraki,  Faculty  of  knit  i  lifer  i  ng .  Osaka  Iniversity. 
Suita.  Osaka  565,  Japan..  'Canon  Inc.  Tamura,  Hiratsuka. 
kanagawa  254.  Japan. 

A  substrate  paved  with  large  single  crystal  grains  l > 1 0  m 
ml  with  equal  size  in  a  periodic  array  lias  a  lot  of 
properties  equivalent  to  single  crystal.  This  kind  of 
structure  has  been  firstly  fabricated  in  Si  using 
selective  nucleation  based  epitaxy  ISENTAXYI  and  the 
device  performance  is  equivalent  to  that  of  single  crystal. 

»e  have  fabricated  a  periodic  array  of  nearly  single 
crystal  diaaond  particles  of  10  u  «i  using  plasma  CVD  on 
the  Si  substrate  with  finely  patterned  dots  (less  than  2m 
■  )  .  The  edges  or  corners  of  dots  are  subjected  to  change 
to  suitable  nucleation  sites  during  the  pretreataent  with 
abrasive  powders.  The  nucleation  sites  retain  only  at 
these  parts  during  the  oblique  irradiation  of  Ar.  Single 
nuclei  can  be  foraed  at  saall  dots  and  nearly  single 
crystal  particles  grow  until  they  coae  in  contact  with 
one  another.  The  superiority  of  the  edge  or  corner 
nucleation  is  that  the  we  1 1 -con tro 1 1 ed  selective  growth 
occurs  in  one  diaension  or  on  desired  points. 

One  of  the  advantages  of  SENTAXY  in  CVD  diaaond  has  been 
obtained  in  the  luainescent  properties.  The  cathodo- 
luainescence  intensity  has  been  increased  by  at  least 
several  tiaes  in  the  arrayed  particles  foraed  with  SENTAXY 
coapared  with  the  po 1 ycry st a  11 i ne  filas  with  randoa 
nucleation  sites  deposited  at  the  saae  condition.  Since 
the  grain  boundaries  are  supposed  to  be  act  as 
nonradiative  recoabination  center  due  to  conductive  layer, 
the  auch  lower  density  of  the  boundaries  in  the  foraer 
saaple  is  crucial  for  the  efficient  luainescence  of  the 
CVD  diaaond.  For  the  saae  reason,  the  better  junction 
properties  of  seaiconductor  are  expected. 


F4.7 

ELECTRICAL  PROPERTIES  OF  THIN  FILM  AND  BULK  DIAMOND 
TREATED  IN  HYDROGEN  PLASMA.  Saeharia  Alhin  and  Linwood 
Walkins.  Department  of  Electrical  and  Computer  Engineering.  Old 
Dominion  University,  Norfolk,  VA  235 29. 

Currenl-voltage  characteristics  of  type  la  synthetic  diamond,  type  lib  natural 
diamond  and  free-standing  diamond  films  are  measured.  The  diamond 
films  are  polycrystalline,  deposited  on  sacrificial  silicon  substrates  using  a 
microwave  chemical  vapor  deposition  process.  These  samples  are  subjected 
to  hydrogen  plasma  treatment  under  varying  conditions.  A  20  minute 
exposure  to  a  hydrogen  plasma  induced  by  50W  rf  power  is  sufficient  lo 
increase  the  conductivity  of  all  the  samples  by  five  orders  of  magnitude. 
Furnace  annealing  in  a  nitrogen  ambient  show  that  hydrogen  is  retained  by 
all  the  samples  up  to  4 00°C.  Apart  from  these  two  common  features  among 
the  samples,  their  I-V  characteristics  show  considerable  difference  .  The 
forward  and  reverse  characteristics  of  the  polycrystalline  film  arc  identical 
and  the  increase  in  conductivity  may  be  due  to  the  passivation  of  grain 
boundaries;  a  similar  effect  has  been  observed  in  the  case  of  polycrystalline 
silicon.  The  bulk  diamond  samples  show  asymmetrical  I-V  characteristics. 
The  forward  current  for  type  la  diamond  is  an  order  of  magnitude  higher 
than  the  reverse  current  whereas  it  is  about  five  orders  of  magnitude  higher 
in  the  case  of  type  lib  diamond.  The  significance  of  these  results,  along 
with  the  effect  of  hydrogen  plasma  conditions  is  discussed.  Results  of 
control  experiments  to  understand  the  role  of  atomic  hydrogen  in  diamond 
will  be  presented. 

F4.8 

DEEP  LEVEL  TRANSIENT  SPECTROSCOPY  STUDY  OF  THIN 
FILM  DIAMOND.  K.  Srikcmth  and  S.  Asliok.  Department  of 
Engineering  Science  &  Mechanics  and  Center  for  Electronic  Materials 
&  Processing.  A.  Badzian,  T.  Badzian  and  R.  Messier,  Materials  Research 
Laboratory,  the  Pennsylvania  State  University,  University  Park,  PA  16802 

Metal  contacts  on  polycrystalline,  semiconducting  diamond  thin  films 
have  been  shown  to  exhibit  rectification,  and  such  Schottky  contacts 
are  useful  in  realizing  metal-semiconductor  field  effect  transistors 
(MESFET)  for  high-temperature  electronics.  We  have  carried  out  a 
deep  level  transient  spectroscopy  (DLTS)  study  of  polv-diamond 
synthesized  by  a  plasma  enhanced  chemical  vapor  deposition  process. 

Au  and  AJ  Schottky  contacts  were  used  on  the  undoped  (p-type)  poly¬ 
diamond,  and  the  DLTS  spectra  were  measured  at  various  reverse  bias 
voltages  in  the  temperature  range  100  -  450  K.  From  the  DLTS 
measurements  at  1  V  reverse  bias,  a  very  prominent  peak  is  seen 
corresponding  to  a  majority  carrier  trap  316  meV  above  the  valence 
band  minimum.  The  trap  concentration  determined  at  400/s  rate 
window  is  8  x  1013  cm'3.  This  trap  concentration  decreases  to  3  x  1013 
cm'3  with  3  -  10  V  reverse  bias.  Along  with  the  drop  in  trap 
concentration  with  increasing  depth,  the  activation  energy  also 
decreases  from  311  meV  at  3  V  to  286  meV  at  10  V. 

From  low-temperature  capacitance-voltage  (C-V)  measurements,  a 
strong  dependence  of  the  slope  of  1  /C2  versus  voltage  plots  is  seen  as 
a  function  of  temperature.  This  is  consistent  with  the  deep  energy  level 
of  p-type  dopant  in  diamond. 

F4.9 

N-TYPE  DOPING  AND  DIFFUSION  OF  IMPURITIES  IN 
DIAMOND.  S.  Kitiihnra.  A.  Antonclli.  and  J.  bcrnholc.  NC 
Slate  University,  Raleigh,  NC  27695-8202. 

For  many  electronic  applications  of  diamond  technology  It 
is  necessary  to  dope  diamond  n-type.  However,  n-type 
doping  of  diamond  is  very  difficult  and  the  only  confirmed 
shallow  n-type  dopant  is  Li,  which  is  believed  to  occupy  an 
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interstitial  position  and  to  diffuse  rapidly  at  elevated  tem¬ 
peratures.  In  our  search  for  a  suitable  donor  for  high  tem¬ 
perature  applications,  we  have  investigated  theoretically  a 
number  of  potential  n-type  dopants,  such  as  P.  Li.  and  Na, 
as  well  as  common  contaminants,  such  as  N.  The  Car- 
Parinello  method  was  used  to  calculate  the  equilibrium 
atomic  positions  of  the  impurities  and  of  the  surrounding 
carbon  atoms  in  a  64 -atom  supercell. 

For  substitutional  impurities,  our  previous  work  on  self¬ 
diffusion  in  diamond  has  shown  that  interstitial-mediated 
diffusion  pathways  are  much  less  favorable  than  the  ones 
invoking  a  vacancy.  However,  even  the  vacancy  pathway  re¬ 
sults  in  a  rather  high  activation  energy  for  diffusion.  Larger 
substitutional  impurities,  such  as  P.  introduce  substantial 
strain  fields  into  diamond,  resulting  in  a  positive  incorpo¬ 
ration  energy.  These  results  suggest  that  larger  dopants 
should  be  introduced  into  the  material  by  ion  implantation 
or  other  non-equilibrium  methods. 

F4.10 

DEPOSITION  AND  CHARACTERIZATION  OF  UNDOPED  AND 
NITROGEN-DOPED  DIAMOND  THIN  FILMS.*  Joseph  B. 
Milstein.  Lian  Li.  Ye-Yung  Teng,  and  Anatoly  M.  Altshuler, 
University  of  Lowell,  Lowell,  MA 

\Ye  have  investigated  the  deposition  of  diamond,  with  no 
intentional  doping  and  with  nitrogen  doping,  in  a  low 
pressure  radio-frequency  plasma  assisted  CVD  deposition 
system  operating  at  440  KHz.  Substrates  of  aluminum 
oxide  and  m-situ  deposited  silicon  nitride  on  silicon 
wafers  have  been  employed.  The  depositions  have  been 
carried  out  with  substrate  temperatures  in  the  range  of 
700  to  1200  °C. 

Characterization  of  the  films  has  been  performed  by  a 
variety  of  techniques  including  x-ray  diffraction, 
ellipsometry,  electrical  measurements,  and  optical 
absorption. 

"Supported  in  pan  by  Sanders  Associates,  Nashua,  NH. 

F4.ll 

DOPING  OF  DIAMOND  BY  CO  IMPLANTATION  OF  DOPANT  ATOMS  WITH 
CARBON.  G.S.  Sandhu,  M.L.  Swanson  Department  of  Physics  and 
Astronomy.  University  of  North  Carolina,  Chape'  Hill,  NC;  and  W.K.  Chu, 
Texas  Center  lor  Superconductivity,  University  of  Houston,  TX.  77204- 
5506,  USA 

We  have  investigated  the  challenging  problem  of  doping  diamond  by  co- 
implantmg  boron,  nitrogen  and  phosphorus  with  carbon  into  natural 
insulating  type  I  la  diamonds.  All  the  implantations  were  done  at  liquid 
nitrogen  temperature  and  some  of  the  samples  were  then  rapidly  heated  to 
1100  °C.  Unlike  the  previous  attempts  lo  dope  diamond  by  room 
temperature  and  high  temperature  ion  implantations,  this  method  is 
expected  to  yield  a  higher  doping  efficiency  for  the  implanted  atoms.  We 
have  characterized  the  implanted  diamonds  with  optical  absorption, 
photo-conductivity,  calhode-luminescence  and  electrical  measurements. 
Boron  doped  samples  showed  new  large  optical  absorption  bands  in  the 


infrared  around  1060  cm-1  and  2960  cm-1  and  electrical  resistivities 
less  than  200  ohm-cm,  indicating  a  high  substitutional  fraction  of  boron 
atoms.  Results  of  various  measurements  performed  on  nitrogen  and 
phosphorus  doped  samples  will  also  be  discussed. 

F5.1 

ELECTRONIC  PROPERITES  OF  DIAMOND/ NICKEL  AND 
DIAMOND/BORON  NITRIDE  INTERFACES.  Warren  E. 

Pickett  and  Steven  C.  Erwin,  Code  4692,  Naval  Re¬ 
search  Laboratory,  Washington,  DC  20375-5000. 

The  preparation  and  many  applications  of  epitaxial 
diamond  (Di)  films  requires  an  understanding  of 
the  bonding  and  electronic  characteristics  of  the 
interface  between  diamond  and  other  solids.  We 
have  recently  applied  two  ab  initio  methods  to 
study  two  such  interfaces:  the  Di/Ni  (001) 
interface  as  a  canonical  Di/netal  system,  and 
earlier  the  Di/BN  (110)  interface  as  a  system 
involving  two  wide  bandgaps.  The  near  lattice 
match,  favorable  surface  properties,  and  recent 
experimental  studies  suggested  the  Di/Ni  system. 
Using  a  superlattice  geometry  with  4  layers  of  Di 
and  3  layers  of  Ni,  it  was  found  that  more  Di 
layers  were  necessary  to  allow  some  C  atoms  to 
approximate  the  bulk  in  Di.  Results  for  the 
bonding,  interface  states,  and  an  estimate  of  the 
Schottky  barrier  height  from  a  6-Di/5-Ni  layer 
superlattice  will  be  presented  and  analyzed.  The 
characteristics  of  the  interface  will  be 
contrasted  with  previous  results  on  the  Di/BN 
interface.  A  general  result  suggested  by  these 
calculations  is  that  the  satisfaction  of  Di 
dangling  bonds  by  the  Ni  atoms  may  play  little 
role  in  the  bonding.  The  narrow  (5  eV)  d  bands 
are  confined  to  the  Di  gap  region,  whereas  the  Di 
s-p  bands  span  a  20  eV  region  lying  below  the  d 
bands  and  thus  bond  only  indirectly.  Establishing 
the  principles  which  determine  bonding  of  C  atoms 
to  foreign  surfaces  is  a  priority  in  this  study. 

Supported  by  the  SDIO/IST  program  through  The 
Office  of  Naval  Research. 

F5.2 

PSEUDOMORPHIC  DIAMOND,  PREDICTIONS  OF  STRUCTURE  AND  PROPER¬ 
TIES.  A.M.  Altshuler,  A.S.  Xarakashian,  Physics  Department, 
University  of  Lowell,  MA. 

Electronic  and  Atomic  structure  of  strained  layers  of  Dia¬ 
mond  have  been  calculated  by  means  of  an*  ab  initio*  pseud- 
potential  approach.  Some  thermodynamic,  electronic  and  op¬ 
tical  characteristics  are  estimated.  Promising  applications 
of  pseudomorphic  diamond'  electronic  and  electroptical 
structures  will  be  discussed. 

F5.3 

CYCLIC-CLUSTER  MINDO/3  COMPUTAT  IONS  OF  THE  LAT¬ 
TICE  CONSTANT  AND  BAND  STRUCTURE  OF  BORON  NI¬ 
TRIDE,  DIAMOND,  SILICON  CARBIDE  AND  RELATED  WIDE 
GAP  SEMICONDUCTORS.  Lawrence  C.  Snvdei.  Chemistry 
Department,  State  University  of  New  York  at  Albany, 
1400  Washington  Avenue,  Albany  NY  12222;  Arthur  H. 
Edwards,  Department  of  Electrical  Engineering,  University 
of  North  Carolina  at  Charlotte,  Charlotte  N.C.  28223;  and 
Peter  Deik,  Physical  Institute  of  the  Technical  University 
of  Budapest,  Hungary  1521, 


We  have  employed  a  32  atom  cyclic-cluster  and  the 
Modified  Intermediate  Neglect  of  Differential  Overlap 
(MINDO/3)  method  to  compute  the  lattice  constant  and 
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band  structure  for  boron  nitride,  diamond,  silicon  carbide 
and  other  III-V  wide  gap  semiconductors.  Other  proper¬ 
ties  of  these  crystals  have  also  been  calculated.  The  com¬ 
putational  scheme  we  choose  allows  inexpensive  study  of 
defects  in  these  materials.  The  results  presented  here 
justify  it  from  the  viewpoint  of  representing  the  host. 

F5.4 

I  I  l:(" 1 1tICAl  CIIAHACI  I  K  I/M  ION  OI;  MI-.TAI.  CONTACTS  ON  1)1  A- 
MONO  I  1 1 1 N  Ml, MS  D.  Naitlticci,  .1  .1  Cuomo,  C.  Richard  Ciumnicri,  S.  .1. 
Whitch.iir,  IBM  Research  Division,  T.  .1.  Watson  Research  (.enter,  )\()  Box  218, 
Ywklown  Heights  NY  105^8. 

I’olycrysuHinc  boron -doped  diamond  thin  films  were  prepared  by  microwave- 
cn ha need  plasma-assisted  chemical  vapor  deposition.  Ti,  V,  l  a,  Nb,  Al,  Mo  and 
W  contacts  were  prepared  by  physical  vapor  deposition  and  their  behavior  was 
studied  as  a  function  of  the  annealing  temperature,  atmosphere  and  duration.  Tor 
I  i  contacts,  short  heat  treatments  (less  than  60  minutes)  at  500"  C  under  argon 
atmosphere  were  found  to  make  ohmic  contacts  for  applied  voltages  up  to  50  V. 

I  ongcr  annealing  limes,  more  reactive  atmospheres,  and  higher  temperatures  de¬ 
graded  the  contact  characteristics  In  order  to  obtain  a  more  complete  picture  of 
the  interface  structure,  the  capacity-voltage  characteristics  and  the  impedance 
spectra  of  the  systems  were  measured  between  10  K.  and  1000  K.  The  interface 
contribution  to  the  overall  dielectric  behavior  of  the  system  shows  much  shallower 
depletion  widths  in  Ti-diamond  (ohmic)  contacts  than  with  the  non-linear  Nb  and 
la  contacts  The  higher  values  of  the  contact  resistance  and  the  shallower  de¬ 
pletion  width  with  Ti  can  be  explained  in  terms  of  formation  of  a  thin  carbidc-likc 
region  at  the  metal -semiconductor  interface.  'Hie  space-charge  region  width  as  well 
as  the  distribution  of  localized  states  in  the  band  gap  were  also  determined  The 
effect  of  the  mierost  met  lire  on  the  electrical  properties  of  the  systems  is  discussed 
in  comparison  with  the  behavior  of  metal  contacts  on  single-crystal  diamonds. 

F5.5 

CONTACT  RESISTIVITY  OP  B  DOPED  CVD  GROWN  DIAMOND 
1  II. MS,  K.  Nislnnnira*.  K  l)as  and  J  T.  Glass,  Materials  Science  and 
Engineering.  North  Carolina  State  University,  Raleigh.  NC.  27695-7907. 
+  visiting  front  Kobe  Steel  Ltd  in  Japan 

The  contact  resistivity  (  Re  )  of  various  metal  electrodes  on  R  doped 
UVD  grown  diamond  films  were  measured.  The  B  doped  diamond  films 
w  ere  grown  by  microwave  plasma  CVD  using  0.5  %  CH4  in  1 1 2  and 
varying  concentrations  of  Diborane  (BjHfc)  in  the  gas  phase.  The 
substrate  temperature  was  approximately  800  C  and  the  growth  time 
was  7  hours.  All  of  the  films  were  polycrystalline  with  clear  mixtures  of 
(III)  and  (KM))  facets  on  the  surface. 

The  metals  investigated  included  Pt,  TaSi2.  Ni  and  Al.  They  were 
deposited  by  RF  sputtering  in  order  to  achieve  good  adhesion  between 
the  contact  and  the  film.  Transmission  Line  Mode  (TLM)  patterns  to 
measure  Re  were  fabricated  on  the  diamond  films  by  conventional 
photolithography.  The  dimensions  of  the  electrodes  were  300  4m  X  120 
pm  and  distances  between  electrodes  were  50  4m,  30  4m,  20  4m,  10  4m. 
and  54m.  Film  thickness  of  these  electrodes  were  about  2,000  A.  In 
the  case  of  as-deposited  Pt  contacts.  Re  was  8.6  X  10'^  cm^  for  a  B/C 
ratio  of  400  ppm  and  2.5  X  10' 2  D  cm^  for  a  B/C  ratio  of  40  ppm.  Re 
increased  monotonically  when  the  B/C  ratios  decreased.  This  suggests 
that  tunneling  effect  is  a  dominant  transport  mechanism  at  the  Pt/B 
doped  diamond  Film  interface  for  these  doping  concentrations.  Other 
metal  contacts  were  deposited  on  the  films  synthesized  with  a  gas 
phase  B/C  ratio  of  200  ppm.  The  orders  of  Re  were  Pt  <  TaSi2  <  Ni  < 
Al  for  as-deposited  contacts  at  room  temperature.  Annealing  effects  for 
these  contacts  will  also  be  presented. 

Acknowledgements;  The  authors  wish  to  thank  A.  Nakaue,  K.  Kobashi, 

K  Miyata.  K.  Kumagai  of  Kobe  Steel,  Ltd.  and  R.  F.  Davis  of  NCSU. 
Financial  Support  of  Kobe  Steel,  Ltd,  is  also  gratefully  acknowledged. 

F5.6 

METALLIZATION  OF  SEMICONDUCTING  DIAMOND:  Mo,  Mo/Au , 
Mo/Ni/Au.  k.l.  Moazed ,  North  Carolina  State 
University,  Raleigh,  NC  27695-7916;  J.R.  Zeidler 


Code  7601;  and  M.J.  Taylor,  Code  561,  Naval  Ocean 
Systems  Center,  San  Diego,  CA  92152-5000. 

Ohmic  contacts  to  semiconducting  diamond  have  been 
fabricated  using  photolithographic  techniques  that 
parallel  conventional  manufacturing  practice. 

Thin  metallic  films  of  molybdenum,  molybdenum/gold, 
and  molybdenum/nickel/gold  were  evaporated  onto  the 
diamond  surface  in  an  ion-pumped  ultrahigh  vacuum 
system.  The  samples  were  annealed  in  a  tube 
furnace  in  an  atmosphere  of  flowing  purified 
hydrogen  gas.  The  current-voltage  response  of  the 
samples  were  measured  as  a  function  of  annealing 
temperature  and  of  isothermal  annealing  time. 

Ohmic  response  is  obtained  after  high  temperature 
annealing  and  the  resistance  of  the  contacts  is 
decreased  by  approximately  ten  orders  of  magnitude 
relative  to  the  unannealed  condition.  The  measured 
resistance  is  comparable  to  the  sheet  resistance  of 
the  semiconducting  natural  diamond. 

Examination  of  the  diamond/molybdenum  interface 
provides  strong  evidence  that  molybdenum  has 
reacted  with  diamond  to  produce  a  metal  carbide 
phase . 

Partial  funding  of  this  research  by  SDIO/IST 
managed  by  M.  Yoder,  ONR  Scientific  Officer,  is 
gratefully  acknowledged. 

F5.7 

Properties  of  CVD  Diamond-Metal  Interface 
iusuke  Mori. Hiroshi  Kawarada. Yoshihiro  Yokota 
and  Akio  Hiraki.  Department  of  Electrical 
Eng  ,  Faculty  of  Eng.  Osaka  University.  Suita. 
Osaka  565,  Japan. 

Diamond  is  considered  to  be  a  central  material 
in  the  field  of  Schottky  barrier  theory , because 
of  it's  unigue  character-  wide  bandgap  but  zero 
ionicity.  In  this  experiment,  p-type  semi¬ 
conducting  eptaxial  and  polycrystalline  diamond 
films  have  been  synthesized  using  microwave 
plasma  chemical  vapour  deposition.  CO/H,  and 
CH.  /H,  mixtures  were  used  as  reaction  gas  and 
Bz H, /H,  mixture  as  dopant  gas.  Much  better 
rectifying  property  due  to  Schottky  barrier  has 
been  obtained  in  the  films  formed  with  CO(5%)/Hz 
compared  with  CH.  ( 0 . 5% )  /H,  .  From  the  point  of 
Raman  scattering,  the  crystal  qualities  of 
both  films  are  in  the  same  level.  The  difference 
in  the  electric  structure  of  local  areas  such 
as  grain  boundaryor  surface  is  crucial  for  the 
barrier  formation. In  the  case  of  poly¬ 
crystalline,  the  choice  of  metal  which  exhibits 
higher  barrier  height  in  single  crystal  diamond 
is  also  important  to  obtain  good  rectifying 
property. 

Moreover , electroluminescence  (EL)  between  blue 
and  green  has  been  observed  at  both  forward 
(25v)  and  reverse  (15v)  biased  metal /diamond 
interface,  when  Pt  or  Au  is  used  as  point- 
contact.  EL  spectra  depends  on  the  amounts  of 
boron  doping  and  they  have  similar  spectra 
compared  with  those  of  cathodoluminescence . 

F5.8 

EPITAXIAL  GROWTH  OF  DIAMOND  AND  DIAMOND 
DEVICES.  Naoji  Fujimori,  Itami  Reseach 
Laboratory,  Sumitomo  Electric  Ind.  Ltd.,  1-1, 
1-chome  Koyakita,  Itami,  Hyogo  664,  JAPAN. 

To  make  diamond  devices,  it  is  important  to 
get  a  good  epitaxial  layer,  because 
properties  of  the  devices  will  be 
determined  by  the  properties  of  the  active 
layer. 

Microwave  plasma  assisted  CVD  seems  to  be 
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suitable  method  for  growing  epitaxial 
layers.  The  substrate  plane  strongly 
affects  the  surface  roughness  and  the 
crystanity  of  the  epitaxial  layers.  (100) 
plane  was  found  to  be  better  than  (110)  or 
(111)  plane.  , 

The  properties  of  diamond  epitaxial  layer 
are  also  affected  by  the  deposition 
conditions.  Shiomi  et  al.  reported  the 
effect  of  CHt  concentration  in  the  reactant 
gas.  6%  was  found  to  be  the  best  methen 
concentration. 

Doping  of  element  atoms  is  easily  carried 
out  during  epitaxial  growth.  B  makes 
diamond  p  type  semiconductor  with 
resistivity  which  varies  from  10'J  to  105Dcm. 

The  authors  found  that  P  makes  a  diamond 
layer  n  type  but  the  resistivity  of  the 
film  was  higher  than  10s  Qcm. 

The  properties  of  the  diamond  epitaxial 
layer  will  be  summarized. 

Some  devices  were  tried  to  make  using  the 
diamond  epitaxial  layer.  Nishibayashi  et  al. 
developed  a  emission  device,  successfully, 
using  shottoky  junction.  This  device 
emitted  light  which  peaked  at  530nm.  Recent 
developments  of  other  devices  will  be 
reported. 


F5.9 

BLUE  LIKE  DIAMOND  LIGHT  EMITTING  DEVICES  TO  BE  MASS- 
PRODUCED.  Masava  Kadono,  Shlgenori  Hayashi,  Kenji 
Itoh,  Takashi  Inushima  and  Shumpei  Yamazaki, 
Semiconductor  EYiergy  Laboratory  Cb.,Ltd. ,  398  Base 
Atsugi-shi,  Kanagawa,  243  Japan. 


Recently,  blue  light  emitting  devices  (LED)  of 
diamond  have  been  developed.  We  have  been  studying 
diamond  thin  films  as  LED,  formed  by  the  magnet- 
active  microwave  plasna  CVD  method. 


The  advantages  brought  by  our  proposal  are  to  deposit 
diamond  thin  films  on  large  area.  Actually, we 
succeeded  in  deposition  of  them  on  Si  wafers  of  4 
inches  in  diameter.  And  the  disparity  of  the  film  in 
thickness  and  quality  is  limited  within  10%.  The 
diamond  was  analyzed  by  SEM,  X-ray  diffraction,  and 
Raman  spectroscopy.  If  0.8mm  square  chips  are  made 
by  using  the  developed  diamond  ,  it  is  possible  to 
produce  about  10,000  LED  in  one  wafer. 


Blue  like  light  has  been  observed  by  means  of  both 
cathode-luninescence  (d)  and  electro- luminescence 
(EL).  It  is  expected  that  LED  of  diamond  is  produced 
as  mass  production  scale.  The  details  of  our 
experiment  will  be  reported  in  the  lecture. 

F5.10 

I  I  I  (  I  KK  Al  III  IIAVIOK  Ol  nil  I  IISI  I)  IMIMIKU  II  N  IN  DIAMOND 
SIVlil.li-C'RVS'l Al-k  D  Naliliug,  I  I  Cuomo  HIM  IU-sc:ircli  Division.  I  I 
Wulson  ltcvarc.ll  (’enter.  I'D  lion  2IK.  Yoiklmvn  I  Iviplits  NY  IfIVIS 

The  dependence  of  the  cleclnc.il  properties  on  the  evolving  doping  profile  during 
diffusion  processes  was  studied,  as  well  as  the  role  of  the  vacancies  in  determining 
the  electrical  properties  of  diamonds  To  this  atm,  I',  II  and  fie  were  deposited 
on  diamond  single-crystal  by  physical  vapor  deposition  Tito  elements  were  then 
thermally  diffused  into  diamond  at  ROOT  under  helium  atmosphere  The  deposited 
layer  was  finally  removed  and  subsequent  annealing  cycles  were  carried  out  The 
diffusion  profiles  were  tracked  by  Nuclear  Analysis  Techniques  l-'or  comparison, 
the  same  clcmcnls  were  implanted  in  diamonds  at  70  K  and  at  room  temperature 
Electrical  contacts  of  different  metals  were  deposited  on  diamond  and  tire  current  - 
voltage  and  the  capacity. voltage  characteristics  were  tncasmcil  ns  a  function  ol 


temperature  bclw-ccn  10  K  and  1000  K.  A  comparative  analyses  of  the  electrical 
behavior  of  implanlcd  and  diffused  samples  was  carried  out.  which  elucidated  the 
electronic  activity  of  point  defects  in  diamond. 

F5.ll 

A  DIAMOND  SILICON  HETEROJ UNCTION  DIODE.  C.L. 
Ellison,  Norton  Company,  2532  South  3270  West, 
S.L.C.,  Ut.  84119;  and  R.M.  Cohen,  University 
of  Utah,  Materials  Science  Dept.,  S.L.C.,  Ut. 
84112.  J.T.  Hoggins,  Norton  Company.  2352 
South  3270  West,  S.L.C.,  Ut.  84119. 


Thin  diamond  films  were  grown  on  low 
resistivity  p-type  silicon  wafers  by  microwave 
plasma  assisted  chemical  vapor  deposition 
(MPACVD) .  Using  gold  contacts,  diode  behavior 
was  observed  and  forward  bias  current  densities 
in  excess  of  5  amps /cm2  were  obtained.  Reverse 
bias  current  densities  were  as  low  as 
5  mamps/cm2.  Photocurrent  was  measured  when 
photon  energies  larger  than  the  silicon  band 
gap.  1.12eV,  were  used  to  illuminate  the 
surface.  Photocurrent  continued  to  be  measured 
even  when  the  illumination  spot  was  moved 
several  centimeters  away  from  the  metal-diamond 
contact.  The  photovoltage  was  positive  on  the 
silicon.  No  photocurtent  was  observed  when 
illuminating  the  area  around  one  contact  of  a 
diamond  film  grown  on  AIN.  We  conclude  the 
diamond-silicon  hetero junction  forms  a  diode. 

F5.12 

Sciisstjc* _ Aieflaa _ fabricated  in  thin  Carbon  LiiiLS 

containing  polvcrystal line  Diamond  grain:? 

S.A-.J.Amaratunga.  W. I. Milne,  K.K.Chan.  K.J.Clay 
A.Putnis  and  M.E. Welland 

Dept.  Of  Engineering.  Trumpington  St.,  Cambridge 
CB2  1PZ.  U.K. 

Formation  of  Schottky  diodes  on  30nm  -  50nm  thick  C 
films  deposited  from  a  capacitvely  coupled  CH*/Ar 
rf  plasma  is  reported.  Transmission  electron 
microscopy  and  Augar  electron  spectroscopy  show  the 
smooth  opaque  films  to  be  comprised  of  crystalline 
diamond  grains  ranging  from  lOrun  -  200nm  diameter. 
The  films  wars  deposited  on  n-type  ond  p-type  Si 
substrates.  Schottky  junctions  are  formed  by 
evaporating  1mm  diamater  Al  dots  using  a  shadow 
mask . 

Tha  thin  films  are  found  to  be  n-type  (Phosphorous) 
or  p-type  (Boron)  doped  form  the  underlying  Si 
substrate,  as  previously  reported  by  Gildenblat  et 
al*.  Film  resistivity  in  the  order  of  lCT-10*  ohm 
-cm  is  observed  et  room  temperature.  Using  the  1-5 
ohra-cm  resistive  n-typs  and  p-type  Si  substrates  as 
ohmic  contacts,  tha  I-V  characteristics  of  the 
sandwich  cell  are  measured.  These  characteristics 
show  n-typs  and  p-type  diode  behaviour  for  the  Al/C 
film/Si  structures.  The  highest  reverse  breakdown 
voltages  obsorved  for  the  n-type  and  p-type  diodes 
are  65V  and  150V  respectively.  A  current  density  of 
75mA/cttf*  is  obtained  at  a  forward  bias  voltage  of 
5V  for  ths  n-type  diodes  and  20V  for  the  p-type 
diodes . 

1.  G.Sh.Gi Idenblat  et  al.  App. Phys. Letts. .  53(7). 
1988. 

F5.13 

THE  IMPACT  OFb-SlC,  DIAMOND  AND  c-BN  ON  POWER 
ELECTRONICS.  Richard  Koba  and  William  Russell*.  Diamond 
Materials.  Inc..  2820  East  College  Ave.,  State  College.  PA,  16801:  *35 
Cherry  Hill  Dr..  Danvers.  MA.  01923. 
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J5-S1C.  diamond  and  c-BN  are  the  three  ultimate  semiconductors.  All 
three  materials  share  many  properties  In  common.  Diamond  and 
SIC  both  exhibit  polytypism.  c-BN  can  be  synthesized  with  rocksalt 
structure,  and  2H  BN  is  synthesized  by  shock  methods.  However,  for 
most  high-performance  semiconductor  applications,  the  3C 
polytypes  of  diamond.  BN  and  SIC  are  preferred.  Useful 
semiconductor  devices  can  be  made  from  these  three  materials 
because  they  can  be  doped.  Nitrogen  and  aluminum  atoms  are  donors 
and  acceptors  for  J$-SlC,  respectively.  Boron  is  the  most  shallow 
acceptor  for  diamond  and  beryllium  and  silicon  atoms  have  been 
used  as  acceptors  and  donors  in  c-BN. 

This  talk  will  review  Diamond  Materials'  efforts  on  the  synthesis  of 
each  of  these  materials.  Although  only  the  monocrystalline  forms  of 
each  material  will  be  useful  for  high  performance  devices,  these 
materials  will  also  be  of  great  importance  as  polycrystalline  sheets. 
Because  of  their  high  thermal  conductivity  and  low  electrical 
conductivity,  diamond  and  c-BN  sheets  will  play  a  critical  role  in  the 
packaging  ofJJ-SlC.  diamond  and  c-BN  semiconductor  devices. 

A  conventional  Si  power  FET  Is  compared  theoretically  to  an 
equivalent  diamond  FET.  Assuming  that  the  diamond  die 
temperature  can  operate  200°C  hotter  than  the  St  die.  and  that  the 
operating  voltage  of  the  diamond  is  10  times  greater  than  that  of  the 
Si.  then  the  calculations  indicate  that  a  diamond  FET  can  dissipate  - 
25  times  more  thermal  power  than  the  Si  FET.  This  increased 
thermal  dissipation  results  In  the  diamond  FET  delivering  35  times 
more  power-to-load  than  the  Si  FET. 

F5.14 

SIMPLE  GRAPHITIC  NETWORK  MODELS  OF  "DIAMONDLIKE" 
CARBON.  ft  Tamor  and  C.  H.  Wu,  Research 

Staff,  Ford  Motor  Company,  Dearborn,  MI  4B121- 
2053. 

The  atomic  structure  of  "diamondlike"  carbon 
( DLC )  is  not  well  understood.  It  is  well 
established  that  the  visible  and  near  infrared 
optical  properties  of  DLC  are  determined  by 
small  graphite-like  aromatic  clusters  linked  in 
a  transparent  matrix.  For  hydrogenated  DLC  (a- 
C :  H )  ,  spectroscopic  studies  show  that  the 
aromatic  clusters  are  linked  by  aliphatic 
structures.  In  hydrogen-free  DLC  (a-C)  some 
spectroscopic  methods  indicate  a  high  degree  of 
"amorphic  diamond"  sp3  coordination,  while  local 
probes  indicate  little  or  no  fourfold  carbon 
coordination.  We  describe  a  very  simple 
structural  model  based  on  a  graphitic  network  in 
which  ir-electrons  are  strongly  localized  by  non¬ 
aromatic  defects.  Guided  by  experiment  only  in 
the  choice  of  defect,  this  "defected  graphite" 
model  reproduces  many  important  properties  of 
DLC  and  reconciles  several  conflicting 
observations. 

F5.15 

DOPING  EFFECT  IN  HYDROGENATED  AMORPHOUS  CARBON 
THIN  FILMS  By  ION  IMPLANTATION.  S.P.  Wonq ■  Dept, 
of  Electronics,  The  Chinese  University  of  Hong 
Kong,  Hong  Kong;  and  Peng  Shaoqi,  Dept,  of 
Physics,  Zhongshan  University,  Guangzhou,  China. 

Hydrogenated  amorphous  carbon  (a-C:H)  thin  films 
have  been  prepared  by  rf  glow  discnarge 
decomposition  of  C6HcCH3  gas  at  13.6  MHz.  Multi¬ 
energy  boron  or  phosphorus  implantation  into 
these  films  have  been  performed  to  achieve  a 
relatively  flat  impurity  profile  and  the  doping 
effect  as  a  function  of  implanted  concentration 
has  been  studied.  It  is  found  that  there  are 
critical  values  of  the  implanted  boron  and 
phosphorus  concentration  below  which  there  are  no 
significant  changes  observed  in  the  electrical 
conductivity  and  the  conductivity  activation 
energy.  Once  the  impurity  concentration  exceeds 
the  critical  values,  the  conductivity  activation 
energy  decreases  drastically  and  the  room 
temperature  conductivity  increases  abruptly  by 
two  to  three  orders  of  magnitude.  The  doping 


mechanism  leading  to  these  behaviours  will  be 
discussed.  Comparison  between  results  obtained  by 
B+  and  BF2+  implantation  will  also  be  presented. 

F5.16 

OPTICAL  HAND  GAP  OF  DIAMOND-LIKE  CARBON  FILMS  AS  A 
FUNCTION  OF  RF  SUBSTRATE  BIAS.  Paul  Pastel  and  Walter  Varltuc, 
Dept,  of  Electrical  Engineering,  Univ.  of  Vermont,  Burlington,  VT. 

The  optical  band  gap  of  diamond  -like  carbon  films  are  significantly  less 
than  the  band  gap  of  diamond.  Ion  energy  is  believed  to  have  significant 
influence  on  the  optical  bandgap  of  plasma  deposited  DLC  films.  This 
investigation  systematically  measures  the  effect  that  energetic  ion 
bombardment  during  growth  has  on  the  optical  band  gap  of  DLC  films. 

The  material  is  prepared  by  Electron  Cyclotron  Resonance  Plasma  Enhanced 
Chemical  Vapor  Deposition  at  low  pressure,  (1  to  300  mTorr)  and  low 
temperature,  (below  150  °C).  ERCPECVD  allows  one  to  decouple  the 
production  of  reactive  species  from  the  energetic  ion  bombardment  of  the 
substrate.  Reactive  species  production  is  controlled  by  reactor  pressure  and 
input  microwave  power.  The  ion  energy  incident  on  the  substrate  is 
controlled  by  the  divergence  of  the  magnetic  field  and  by  the  degree  of  bias 
applied  to  the  substrate.  Because  the  DLC  films  are  insulating  the  biasing 
must  be  performed  with  an  RF  power  supply. 

Transmission  measurements  with  a  spectrophotometer  are  used  to  determine 
optical  bandgap. 

F5.17 

STUDY  OF  AMORPHOUS  CARBON  THIN  FILMS  ON 
METALS,  INSULATORS  AND  SEMICONDUCTORS 

A. Marti n*.  X.-M.  Wu.  G.-R.  Yang,  A.  Tu,  P.  Persans,  and 
T.  -M.  Lu,  Center  for  Integrated  Electronics  and  Physics 
Department,  Rensselaer  Polytechnic  Institute,  Troy,  NY 
12180. 

Because  of  their  many  desirable  properties,  such  as 
hardness,  chemical  inertness,  and  optical  transparency, 
amorphous  carbon  (a-carbon)  films  have  important 
applications  to  the  areas  of  protective  coatings,  surface 
passivation,  and  X-ray  lithography  masks.  We  have 
employed  a  simple  DC  glow  discharge  technique  to  deposit 
a-carbon  on  a  variety  of  metal,  insulating  and 
semiconducting  substrates  using  a  methane  and  argon 
plasma.  At  appropriate  deposition  conditions,  the  films 
adhere  very  well  to  practically  all  substrate  materials 
including  :  Si,  Al,  Cu,  Ta,  Si02.  polyimide,  and  paralyne. 
The  bias  potential  applied  to  the  substates  ranged  from 
several  hundred  volts  to  over  one  kilovolt.  These  films 
normally  contain  both  broad  sp2  and  sp3  peaks  in  their 
Raman  spectra.  Peculiar  types  of  films  containing  only  a 
broad  sp2  peak  in  the  Raman  spectra  have  also  been 
observed.  I-V  measurements  of  a-carbon  deposited  on 
silicon  substrates  exhibit  a  Frenkel-Poole  electron  transport 
phenomenon.  Possible  mechanisms  that  lead  to  the 
observed  field-enhanced  thermal  excitation  of  trapped 
electrons  into  the  conduction  band  will  be  discussed. 

*  also  IBM  Advanced  Semiconducting  Technology  Center 

F6.1 

STEI’-CONTKOl  1  El)  EPITAXIAL  GROWTH  OF  SIC.  Hjroyukl 
V:i  t  sutiam  I  .  Tclsuzo  l  eda  and  lllronorl  Mshino, 
Kyoto  University,  Yosh  i  dahoriroaeli  1  ,  Sakvo,  Kyoto, 
Japan . 
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Single  crystals  of  6H-S1C  can  be  grown  on  step- 
controlled  GH-SiC(OOOl)  substrates  at  1300-1500°C 
by  chemical  vapor  deposi  t ion ( CVl) )  using  a  Sill4- 
C.jllg-Ho  system.  This  temperature  Is  lower  by 
300-405“C  compared  with  well-known  typical  growth 
temperature  of  6H-S1C  by  CVD.  The  density  of 
surface  steps  was  controlled  by  the  introduction 
of  off-orientation  into  ( 0001 ) substrates .  6H-S1C 
is  grown  laterally  from  the  steps  inheriting  the 
stacking  order  of  the  substrates.  On  uncontrolled 
(0001)  substrates,  3C-S1C  with  twin  structures 
are  grown,  probably  through  nucleation  on 
terraces.  Polytypes  of  the  grown  layers  are 
changed  by  the  surface-step  density.  Surface 
morphology  varied  with  the  direction  of  off- 
orientation  of  the  step-controlled  substrates, 
which  indicates  the  merge  of  different  polytypes 
during  the  growth.  The  growth  mechanism  will  be 
discussed . 

The  crystal  quality  of  epitaxial  layers  was 
examined  using  X-ray,  RHEED  and  photoluminescence 
measurements.  P-n  junctions  of  6H-S1C  fabricated 
by  doping  impurities  during  epitaxial  growth  have 
extremely  good  rectification.  Pn  junction  diodes 
show  blue-light  emission.  Details  of  crystal 
quality  and  diode  characteristics  are  also 
described . 

F6.2 

Epitaxial  Growth  and  Doping  of  and  Device  Development 
in  Monocrystalline  Beta-SiC  Semiconductor  Thin  Films, 

Roben  F.  Davis.  Department  of  Materials  Science  and  Engineering, 
North  Carolina  State  University,  Raleigh,  NC  27695-7907 

High  purity  monocrvstalline  (J-SiC  films  have  been  chemically  vapor 
deposited  on  Si  (100)  and  a-SiC  (0001)  at  1660K-1823K  and  0.1  MPa 
using  SiPLt  and  C2H4  carried  in  H2.  Films  grown  on  the  on-axis  Si 
(100)  contained  substantial  concentrations  of  dislocations,  stacking 
faults  and  antiphase  boundaries;  those  deposited  on  a-SiC  (0001) 
contained  primarily  double  positioning  boundaries.  These  boundaries 
were  eliminated  by  using  off-axis  orientations  of  the  respective 
substrates.  Films  produced  on  Si  (100)  have  also  been  doped  during 
growth  and  via  ion  implantation  with  B  or  A1  (p-type)  or  P  or  N  (n-type) 
at  liquid  nitrogen,  room  and  elevated  temperatures.  Results  from  the 
former  procedure  showed  the  ionized  dopant/total  dopant  concentration 
ratios  for  N.  P,  B  and  A1  to  be  0.1,  0.2, 0.002  and  0.01,  respectively.  The 
solubility  limits  of  N,  P  and  B  at  1660K  were  determined  to  be  -2E20, 
1E18  and  8E18  cm-3,  respectively;  that  of  A1  exceeds  2E19  cm-3.  High 
temperature  ion  implantation  coupled  with  dynamic  and  post  annealing 
resulted  in  a  markedly  reduced  defect  and  precipitate  concentrations 
relative  to  that  observed  in  similar  research  at  the  lower  temperatures. 
Dry  etching  in  CF4  and  NF3  by  reactive  ion  etching  (RIE)  and  in  SFfi  by 
plasma  etching  have  also  been  conducted.  Device-compatible  surface 
impurity  chemistry  and  morphology  were  only  obtained  using  RIE  and 
NF3  combined  with  a  C  cathode.  Schottky  diode,  p-n  junctions, 
MESFET  and  MOSFET  devices  have  been  fabricated.  The  p-n 
junctions  have  the  characteristics  of  insulators  containing  injected 
carriers.  The  current- voltage  characteristics  of  the  MESFETs 
measured  from  298  to  623K  indicated  reasonable  performance 
throughout  this  range.  The  maximum  transconductance  was  1.6  mS/mm; 
the  value  of  this  parameter  decreased  with  temperature.  Similar  data 
were  obtained  on  both  enhancement  mode  and  depletion  mode 
MOSFETs;  the  latter  operated  continuously  as  high  as  923K  -  the 
highest  temperature  ever  reported  for  a  semiconductor  field  effect 
device.  Transconductances  as  high  as  1 1.90  mS/mm  were  achieved. 

F6.3 

INNOVATIVE  LOW-TEMPERATURE  MOCVD  (LTMOCVD)  AND  PLASMA- 
ENCHANCED  LTMOCVD  ROUTES  TO  THE  FABRICATION  OF  DEVICE 
QUALITY  ELECTRONIC  MATERIALS  Alain  E  Kaloyeros,  Paul  J  Toscano, 
Richard  Single,  and  Victor  Tulchinsky,  Physics  and  Chemistry  Departments,  Slate 
University  of  New  York  at  Albany,  Albany,  NY.  and  Marianne  Holma,  Physics 
Deportment,  University  of  Illinois  at  Urbana-Champaign,  Urbana.  IL. 

We  have  developed  new  methodology  to  produce  device-quality  doped  and 
undoped  semiconductor  materials  at  temperatures  as  low  as  IOO-150°C,  well  below 
those  of  conventional  ‘high  temperature'  CVD  and  MOCVD  techniques,  by  low- 


temperature  metal-organic  chemical  vapor  deposition  (LTMOCVD)  and  plasma-enhanced 
LTMOCVD  from  designed  organometallic  compounds.  LTMOCVD  not  only  displays 
the  attractive  features  associated  with  the  high  temperature  MOCVD  process,  but  also 
possesses  many  unique  advantages.  These  include  its  ability  to  produce  compound 
semiconductor  and  superconductor  materials  with  variable  composiuon,  e.g.  silicon 
carbide  SixC  1_,  and  gallium  arsenide  GaxAsi.x,  on  thermally  fragile  or  chemically 
sensitive  substrates.  In  addition,  the  precursors  employed  are  safe,  non-toxic,  non- 
hazardous  and  easy  to  handle;  single  source  precursors  containing  all  the  elemental 
constituents  desired  in  the  target  material  can  be  employed  in  most  cases  to  fabricate 
compound  electronic  materials.  For  example,  preliminary  work  by  the  present 
researchers  showed  that  epitaxial  growth  of  GaAs  can  be  achieved  from  organometallic 
precursors  of  the  type  (C^F5)(CH3)2  GaAs  (02^)3,  where  Ga  and  As  are  already 
directly  bonded  by  coordination  strength  in  the  ratio  1/1  in  the  precursor.  This  approach 
eliminates  the  inherent  limitations  of  conventional  MOCVD  where  separate  precursors 
are  used  for  each  of  the  individual  components  of  the  desired  compound. 

In  this  paper,  we  present  microstructuial  and  microchemical  analyses  results  for 
high  quality  silicon  carbide  films  produced  by  LTMOCVD  from  the  single 
organometallic  precursor  tetraethynylsilane,  Si(C2H)4,  in  the  temperature  range  300- 
450°C.  Controlled  variations  in  the  deposition  parameters  (temperature,  pressure,  flow, 
plasma...)  yielded  a  series  of  films  with  variable  composition  (C/Si  ratio)  and  structure 
.amorphous  or  crystalline). 

F6.4 

GROWTH  OK  611-Si C  ON  CVD-GROHN  3C-SiC  SUBSTRATES .  Woo  Sik 
V00  and  lliroyuki  MATSl'NA'Il .  Department  of  Electrical 
Engineering.  Kyoto  University,  Yoshidahonmachi ,  Sakyo, 
Kyoto  GOG  Japan. 

Polytype  control  and  crystal  growth  on  3C-S1C  substrates 
have  been  investigated  In  a  sublimation  method.  Polylypes 
of  grown  crystals  were  controlled  3C-  and  611-modifications 
for  the  first  time  and  its  reproducibility  was  confirmed 
with  many  growth  runs. 

Single  crystalline  3C-SiC(  100 )  films  (  —  10um  thick)  grown 
on  Si (100)  were  used  as  substrates  after  removing  Si  in  a 
H  F»  H  NO3  mixture.  Crystal  growth  was  carried  out  with 
various  parameters  of  temperature  ( 1800— 2400°C ) ,  pressure 
(50~760Torr)  and  time  ( 0 . 5- — 6h ) . 

Polytypes  of  grown  crystals  on  3C-SiC(100)  were  examined  by 
photoluminescenee  (PL)  measurements,  Raman  scattering,  X- 
ray  diffraction  and  RHEED  analyses.  Crystallinity  and 
electrical  properties  were  also  investigated  by  using 
various  characterization  techniques.  Polytypes  of  grown 
crystals  change  from  cubic  3C-modification  to  hexagonal  6H- 
modification  with  temperature  increase:  polytype  can  be 
controlled  by  selecting  growth  parameters.  6H-SiC(0ll4) 
planes  can  be  grown  on  3C-S1 C ( 1 00 ) .  Starting  from  the 
growth  of  3C-S1C  on  Si  substrate,  we  have  succeeded  in 
polytype-controlled  growth  of  6H-S1C  Ingots  up  to  20mm  in 
diameter  and  10mm  in  length  for  6  hours. 

Characterization  results  of  6H-S1C  crystals  grown  on  3C-SiC 
will  be  described.  The  growth  mechanism  of  6H-S1C  on  3C-SiC 
will  be  also  discussed  based  on  experimental  study  on 
thermal  stability  of  3C-SiC. 

F6.5 

:->OMt£  OBSERVATIONS  ON  THE  ELECTRICAL  CHARACTER  OF 
THE  HETEROEPITAXIALLY  GROWN  CUBIC  SiC.  B.  Molnar, 
G.  Kelner,  Naval  Research  Laboratory,  Washington.  DC 
20375-5000 

This  paper  re-examines  the  electrical  characterization  of  thin 
layers  ot  cubic  SiC,  grown  at  1380’C  on  (100)  Si  substrates.  All 
undoped  SiC  films  are  invariable  n-type.  The  thermal  ionization 
energy,  Ed,  of  the  dominant  donors,  as  deduced  from  Hall 
measurements,  is  significantly  different  from  that  inferred  from 
photoluminescence  measurements.  The  residual  donors  have 
been  assigned  to  either  nitrogen  or  structural  defects.  The 
temperature  dependent  electron  concentrations  as  derived  from 
the  Hall  measurements  clearly  indicate  a  minimum,  which  suggest 
a  transition  to  impurity  band  conduction.  In  this  case  the 
temperature  dependence  of  the  directly  measurable  resistivity 
could  be  used  to  derive  an  activtion  energy  ei.  This  energy  ei 
and  the  thermal  ionization  energy  Ed  should  be  in  agreement  only 
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in  samples  where  the  donor  concentration  is  sufficiently  low.  In 
our  most  homogeneous  samples  activation  energy  was  in  the 
range  of  0.032-0.025  eV.  The  decrease  in  activation  energy  has 
been  associated  with  an  increase  in  nitrogen  concentration  using 
both  ESR  and  SIMS  measurements.  The  nitrogen  concentrations 
in  these  epitaxially  grown  SiC  layers  are  in  the  so  called 
intermediate  range,  where  the  activation  energy  is  strongly 
dependent  on  the  concentration.  In  such  samples  the  ei 
activation  energy  represents  the  transition  from  the  top  of  a  quasi¬ 
continuum  impurity  band  to  the  conduction  band  and  not  form  the 
ground  state  to  the  conduction  band  which  is  inferred  from  PL 
measurement  as  0.053  eV.  The  concentration  of  the  nitrogen  in 
the  samples  is  believed  to  be  the  most  likely  reason  for  the 
conflicting  values  reported  for  the  dominant  donor  ionization 
energy  by  Hall  and  the  PL  measurements. 


F6.6 

NATIVE  DEFECTS,  DIFFUSION,  SELF-COMPENSATION. 
AND  BORON  DOPING  IN  CUBIC  SILICON  CARBIDE.  C. 

Wang.  J.  Bernholc.  and  R.  F.  Davis,  NC  Slate  University. 
Raleigh.  NC  27695-8202. 

We  report  the  results  of  a  comprehensive  theoretical  in¬ 
vestigation  of  the  effects  of  stoichiometry  and  boron  dop¬ 
ing  on  the  properties  of  cubic  SiC.  Since  SiC  is  a  Iwo-com- 
ponent  material,  the  nature  of  the  dominant  native  defects 
strongly  depends  on  the  stoichiometry  of  the  material.  In 
addition,  the  formation  energy  of  charged  defects  also  de¬ 
pends  on  the  position  of  the  Fermi  level. 

Superccll  calculations  using  first-principles  pscudopolcn- 
tials  show  that  the  lowest  energy  defect  in  Si-rich  n-type 
and  intrinsic  SiC  is  the  electrically  inactive  Si  antisite, 
while  the  doubly-positively  charged  carbon  vacancy  Is  the 
lowest  energy  defect  in  p-type  SiC.  The  electrons  released 
by  the  vacancies  compensate  acceptor  dopants  and  lead  to 
strong  self-compensation  effects  when  doping  occurs 
during  growth  of  the  crystal.  In  C-rich  SiC.  the  dominant 
defect  for  all  Fermi  level  positions  is  the  electrically  inac¬ 
tive  C  antisitc. 

Si  atoms  in  pure  SiC  are  found  to  diffuse  via  a  mechanism 
involving  a  C  vacancy  and  a  Si  antisite,  while  C  atoms  dif¬ 
fuse  with  help  of  a  C  vacancy.  These  results  arc  in  good 
agreement  with  experimental  data.  We  have  also  calculated 
the  activation  barriers  for  several  diffusion  mechanisms  in 
boron  doped  material,  and  will  discuss  the  origin  of  the 
experimentally  observed  enhancement  of  diffusion  in 
boron  doped  SiC. 

Ft>.  7 

DEEP-LEVEL  DOMINATED  ELECTRICAL  CHARACTERISTICS  OF  Au 
CONTACTS  ON  fi-SiC.  K.  Das.  H.  S.  Kong.J.  B.  Beal.  J.  W.  Bumgarner,  and  R.  F. 
Davis,  Department  of  Materials  Science  snd  Engineering,  North  Carolina  State 
University.  Raleigh,  NC  27695-7907,  and  L.  G.  Moots.  Nabormal  Aeronautics  and  Space 
Administration.  Leans  Research  Center,  Cleveland,  Ohio  44135 

Device  quality  heteroepitnial  films  of  Jl-SiC  on  Si  substrates  are  being  routinely  grown 
in  a  number  of  laboratories.  These  films  have  various  defects  that  could  effect  the 
characteristics  of  fabricated  devices.  In  order  to  assess  the  effect  of  these  defects  on  the 
electronic  quality  of  the  films,  a  study  of  the  current-voltage  characteristics  of  Au 
contacts  formed  an  films  grows  heteroepitaxially  on  both  nominally  (100)  oriented 
and  off-axis  (100)  silicon  substrates  has  been  conducted.  These  contact  diodes  are 
rectifying  and  particularly  in  off-axis  silicoa  substrates  very  low  reverse  leakage 
currents  are  observed.  The  diode  ideality  factor  is  between  1.3  and  2.0  in  aO  cases  except 
in  nominal  (100)  silicon  substrates  where  it  is  greater  than  two.  Logarithmic  plots  of 
the  I-V  characteristics  in  the  forward  direction  indicate  space  charge  limited  current 
conduction  through  the  active  volume  of  the  diodes.  These  plots  also  indicate  the 
presence  of  allowed  nates  in  the  band-gap.  The  fi-SIC  IQms  grown  on  nominally  (100) . 
oriented  sabeoxies  show  the  preeence  of  two  deep  levels  located  approximately 
between  0J6eV  and  0.38  eV  below  *e  conduction  band  edge.  In  tome  films  on  nominal 
(100)  tubetraset,  the  I-V  characteristics  me  ateo  influenced  by  tome  additional  trips 
which  are  exponentially  distributed  in  energy  with  e  maximum  occurring  it  the 


conduction  band  edge.  In  contrast  the  films  deposited  on  off-axis  substrates  have  only 
one  deep  level  loomed  approximately  below  0.49  eV  for  the  V  off  (100)  substrates  snd 
at  0.57  eV  for  the  4°  off  (100)  substnies.  Previous  microstructural  analysis  revealed 
that  the  nature  and  density  of  defects  in  the  p-SiC  heteroepitaxial  films  on  both  nominal 
and  off-axis  (100)  silicon  are  similar  except  that  the  films  on  nominal  (100)  substrates 
have  a  high  density  of  antiphase  domsin  boundaries.  Therefore,  the  preeence  of  the 
shallower  deep-level  states  observed  in  die  [J-SiC  films  grown  on  nominal  (100) 
substrates  is  speculated  to  be  due  to  the  electrical  activity  of  antiphase  domain 
boundaries. 

F6.B 

A  NEW  DEEP  ACCEPTOR  IN  EPITAXIAL  CUBIC  SIC* 

J.A.  Freitas,  Jr.,  Sachs /Freeman  Associates, 

Inc.,  Landover,  MD  20785,  and  S.G.  Bishop. 

Naval  Research  Laboratory,  Washington,  DC  20375- 
5000 

We  have  investigated  the  temperature  and  excita¬ 
tion  intensity  dependence  of  photoluminescence 
(PL)  spectra  in  several  undoped  and  lightly  Al- 
doped  thin  films  of  cubic  SiC  grown  by  chemical 
vapor  deposition  on  Si  substrates.  The  low 
power  PL  spectra  in  all  samples  studied  exhibit 
a  deep  donor-acceptor  pair  PL  band  which  in¬ 
volves  a  previously  undetected  deep  acceptor  (EA 
«  470  meV).  This  deep  acceptor  is  found  in 
every  film  we  have  studied,  doped  and  undoped, 
independent  of  growth  reactor.  Its  pervasive 
character  indicates  that  it  is  probably  associa¬ 
ted  with  a  nonstoichiometric  defect  rather  than 
a  background  impurity  and  suggests  the  pos¬ 
sibility  that  it  is  at  least  partially 
responsible  for  the  high  compensation  observed 
in  undoped  n-type  films  of  cubic  SiC. 

*  Partially  supported  by  the  Office  of  Naval  Re¬ 
search 

F6.9 

ELECTRONIC  STRUCTURE  OF  HIGH  BANDGAP  SEMICON¬ 
DUCTOR  INTERFACES:  SiC/AIN,  SiC/BP,  C/BN. 

W,  R,  L.  I.amhrecht  and  B.  Segall,  Department  of  Physic*,  Case 
Western  Reserve  University,  Cleveland,  OH  44106. 

Electronic  structure  and  total  energy  calculations  are  presented  for 
SiC/AIN,  SiC/BP  and  C/BN  heterojunctions.  Cubic  crystal  struc¬ 
tures  are  assumed.  The  (110)  interface  is  chosen  because  it  is  the  sim¬ 
plest  interface  characterized  by  Hl-TV  and  IV-V  bond  compensation 
which  is  expected  to  be  energetically  favorable  but  requires  chemical 
restructuring  for  other  low-index  interfaces.  The  interfaces  are  mod¬ 
elled  with  superiattices  of  1  to  9  layers  of  each  material.  The  linear 
muffin-tin  orbital  band-structure  method  is  used  in  the  local  density 
functional  framework.  The  energy  of  formation  of  the  superiattices 
is  studied  as  a  function  of  thickness  and  the  energy  of  formation  per 
interface  in  the  limit  of  isolated  interfaces  is  combined  with  estimates 
of  the  surface  cleavage  energies  to  discuss  the  adhesion.  The  interface 
energies  per  interface  unit  cell  are  found  to  be  0.45,  0.50  and  0.94  eV 
for  SiC/AIN,  SiC/BP  and  C/BN,  assuming  the  most  favorable  inter¬ 
face  configuration.  The  latter  is  found  to  be  Si-N,  Al-C  for  SiC/AIN 
and  Si-B,  C-P  for  SiC/BP  and  is  discussed  in  terms  of  electrostatic 
and  band-structure  effects.  The  alternative  bonding  configurations 
are  found  to  be  several  eV  higher  in  energy.  The  band-offsets  are 
calculated  using  the  recently  developed  self-consistent  dipole  theory. 
The  bandgape  used  are  calculated  including  approximate  self-energy 
corrections.  The  band-alingments  are  found  to  be  of  type  H  (same 
sign  for  valence  and  conduction  band  offset)  for  C/BN  and  SiC/BP 
and  of  type  I  (large  bandgap  enclosing  small  one)  for  SiC/AIN.  Im¬ 
plications  for  device  applications  will  be  discussed.  Layer  projected 
densities  of  states  and  superlattice  band  structures  will  be  presented. 
F6.I0 

SILICON  CARBIDE/ ( IniOi ) „< SnO? ) i-x  DEVICES  FOR 
THE  DETECTION  OF  ULTRAVIOLET  RADIATION.  James 
V.  Masi.  Western  New  England  College, 

Springfield,  MA.  01119 
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Heterojunctions  of  both  n-  and  p-type 
silicon  carbide  with  oxide  mixtures  of  indium 
and  tin  have  been  formed  on  single  crystal 
substrates  of  both  alpha  and  beta  phase 
silicon  carbide,  both  seed  and  plasma 
deposited.  Both  n+/n  and  n+/p  structures  were 
formed  by  vapor  phase  deposition  and  attendant 
annealing  of  the  structures  for  varying  times 
at  400°C  in  air.  Metallurgical  preparation 
and  affixing  of  ohmic  contacts  of  both 
silicides  and  Au/Ta  was  accomplished  by 
physical  vapor  deposition.  Electrical  device 
characteristics  were  measured  along  with  their 
respective  spectral  response  characteristics 
both  normal  to  and  edge-on  with  the  junction 
plane.  Device  characteristics  are  somewhat 
typical  of  expected  heterojunctions  between 
these  materials,  with  the  exception  of  the 
spectral  response,  which  has  a  distinct 
bimodal  response  in  both  the  visible  and 
ultraviolet  regions  of  the  spectrum.  Results 
of  the  electrical  and  optical  properties  as 
well  as  a  discussion  of  proposed  modeling 
variations  are  given.  Prospects  for  other 
types  of  devices  based  on  this  system  are  also 
discussed. 

F6.ll 

OHMIC  CONTACTS  ON  (J-SiC.  M.  Iqbal  Chaudhry,  Department  of 
Electrical  and  Computer  Engineering.  Clarkson  University,  Potsdam, 
NY  13676;  W.  B.  Berry,  and  M.  V.  Zeller,  School  of  Engineering, 
University  of  Notre  Dame,  Notre  Dame,  IN  46556. 


We  report  on  ohmic  contacts  on  (3-SiC.  The  contacts  were  formed 
using  Ni,  NiCr,  W,  Ti,  WSi2  and  TiS^  Contact  resistance  measure¬ 
ment  and  Auger  Electron  Spectroscopy  (AES)  were  used  to  study  the 
annealing  effect  on  the  contact  materials. 

Auger  analysis,  of  Ni-SiC  system  indicates  that  during  the  heat 
treatment.  Ni  reacts  with  Si  to  form  silicide.  Similar  results  are  found 
for  NiCr-SiC  system. 

Minimum  contact  resistance  of  tungsten  and  titanium  on  SiC  is 
6.1x10"^  ohm/cm ^  and  7.6x10'^  ohm/cm^,  respectively.  High 
temperature  annealing  deteriorates  both  contacts  although  for  titanium 
contacts  the  resistance  increases  less  dramatically  as  compared  to  the 
tungsten  contact.  The  silicides  of  tungsten  and  titanium  yield  lower 
resistance  than  metallic  W  and  Ti  contacts.  The  contact  resistance  for 
WSi2  and  TiSi2  after  heat  treatment  decreases  to  3.0x10*^  ohm/cm^ 
and  l.lxl  O-4  ohm/cm^  respectively. 

F6.12 

HIGH  AND  MEDIUM  ENERGY  ION  SCATTERING  STUDY  OF  M0/3C-S1C 
CONTACT.  S.llara  and  l.Ohdoaart,  Reseda  Unlv.,  Ohkubo, 
Shlnjuku-ku.  Tokyo  169,  Japan;  W.SlIJkerian  and  J.F.van  der 
Veen.  FOM  Institute,  1898  SJ  Amsterdam,  The  Netherlands; 
S.Mlsawa.  E.Sakuaa,  and  S.Yoshida,  Electrotechnical 
Laboratory.  Usezono.  Tul.uba-shl .  Ibarakl  305,  Japan. 

Refractory-aetal/3C-SlC  contacts  are  good  candidates  for 
electrodes  or  high  temperature  devices,  te  present  here  a 
result  of  study  on  Mo/SIC  Interfaces  for  thick  and  thin  Mo 
layer  cases  by  high  and  medium  energy  ion  scattering 
spectroscopies.  Auger  electron  spectroscopy,  X-ray 
diffraction,  and  low  energy  electron  diffraction.  We  show 
that  the  behavior  of  carbon  Is  quite  different  from  that  of 
silicon  In  terms  of  diffusion. 

In  the  case  of  thick  Mo  layer(200nm) ,  a  carblde/slllclde/ 
SIC  multilayer  Is  formed  by  heat  treatment  at  1200‘C  for  1 
hour  after  the  Mo  deposition.  Carbon  accumulates  gradually 
Into  the  surface  region  of  a  Mo  overlayer  by  annealing  at 
900*C ,  finally  forming  a  carblde/slllclde/SIC  layer  similar 
to  the  structure  of  the  annealing  at  1200‘C. 


In  the  case  of  thin  Mo(7xl01Batons/cm*) ,  the  composition  of 
SIC  surfaces  makes  Influences  on  the  behavior  of  carbon  and 
silicon  diffusion.  Carbon  diffusion  toward  a  Mo  overlayer 
Is  observed  after  the  Mo  deposition  onto  carbon-rich  surfa¬ 
ces  while  no  silicon  diffusion  occurs.  For  a  slllcon-rlch 
surface,  1ML  Intermixing  between  the  Mo  overlayer  and  the 
silicon  topmost  layer  of  the  substrate  takes  place,  acting 
as  diffusion  barrier  In  annealing  stages. 

In  conclusion,  carbon  diffuses  much  faster  than  silicon  In 
the  Mo  overlayer,  thereby  accumulating  near  the  surface 
region. 

F6.13 

DOPED  AMORPHOUS  SIC,  MIXED  CARBIDE  AND 
OXYCARBIDE  THIN  FILMS  BY  A  LIQUID  ROUTE.  C-J 
Chu,  E.  Liimatta  and  J.D.  Mackenzie,  Department 
of  Material  Science  and  Engineering,  University 
of  California,  Los  Angeles,  CA90024 


Advanced  ceramics  like  carbides  and  nitrides  can 
be  obtained  by  the  pyrolysis  of  metal-organic 
polymers.  An  intermediate  amorphous  phase  is 
obtained  after  the  removal  of  the  organic 
components  and  before  crystallization.  By  this 
polymer  process,  amorphous  SiC  thin  films  have 
been  deposited  on  different  substrates  using 
met  a  1 -or ganic  solutions.  Amorphous  mixed 
carbides  and  oxycarbides  films  have  also  been 
prepared  by  the  addition  of  a  variety  of 
alkoxides,  such  as  Ti,  A1  and  Zr  to  the  SiC 
polymer  precursor. 

Dopants  such  as  B  and  P  have  been  introduced 
into  the  structure  of  the  SiC  polymer  precursor 
by  a  solution  method.  N-type  and  P-type  thin 
films  have  been  prepared,  the  electrical  and 
optical  properties  of  these  films  have  been 
Studied  and  compared  with  the  amorphous  SiC  film 
by  vapor  route.  P-N  junction  diodes  that  contain 
these  new  materials  have  been  fabricated  and  the 
current-voltage  (I-V)  characteristics  have  been 
studied . 

F6 .14 

LIQUID  PHASE  HOMOEPITAXIAL  GROWTH  OF  4H-SIC  CRYSTALS  AND 
FABRICATION  TECHNIQUES  OF  BLUISH-PURPLE  LIGHT  EMITTING 
DIODES.  Y.Ueda,  T.Nakata,  K.Koga,  Y. Matsushita,  Y. Fujikawa, 
T.Uctani,  T. Yamaguchl,  and  T.Nilna,  Semiconductor  Research 
Center,  Sanyo  Electric  Co.,  Ltd.  1-18-13  Bashlrldanl, 
Hlrakata,  Osaka  573  Japan 

4B-S1C  single  crystals  have  been  successfully  fabricated  on 
the  seeds  of  6B-type  crystals  by  the  vacuum  sublimation 
method  at  a  temperature  of  2400*C  and  under  a  pressure  of 
7-60mbar  In  an  argon  atmosphere.  Liquid  phase  epitaxy  was 
attempted  by  using  a  dipping  method  with  the  4B-S1C 
crystals.  As  we  reported  previously  at  ICACSC'88,  the 
off-angle  substrate  is  crucial  and/or  key  technology  for 
the  accomplishment  of  this  attempt.  The  conditions  of  the 
crystals  growth  on  the  4B-S1C  substrate  at  5*  off-angle 
were  the  same  as  those  of  the  6H-type  crystals  growth.  The 
temperature  for  melting  SI  was  1700*C  In  both  cases. 
Undoped  grown  crystals  showed  n-type  conduction.  We 
observed  the  surface  morphology  and  the  etch  pits  of  the 
crystals.  The  structure  of  the  grown  crystals  were  found  to 
be  the  4B-type  through  the  measurements  of  Ball  mobility, 
photolumlnescence  and  Raman  scattering. 

P-n  junctions  were  epitaxially  obtained  on  4H-S1C 
substrates.  Aluminum  and  nitrogen  were  doped  as  acceptors 
and  donors,  respectively.  But  aluminum  was  also  added  to 
n-type  layers  to  make  D-A  pairs.  I-V  and  C-V 
characteristics  ware  measured  after  the  LED  chips  were 
molded  to  lamps  by  clsar  rasln.  The  diffusion  potential  was 
found  to  be  2.7eV,  which  was  larger  than  that  of  a  6B-S1C 
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blue  LED  by  0.2eV.  The  LED  fabricated  in  thia  study  emitted 
bluiah-purple  light  with  a  brightness  of  lmcd  at  the 
forward  current  of  20mA.  Other  characteristics  were  as 
follows  :  420na  peak  wavelengths ,  90%  color  purity  ,  and 
light  output  was  1 . 7pW. 

F7.1 

GALLIUM  NITRIDE.  A  WIDE  BAND-GAP  SEMICONDUCTOR. 
lacques  I.  Pankove.  University  o /  Colorado,  Boulder,  CO  80309- 
0425 

and  SERL  Golden,  CO  80401 

This  talk  will  present  a  historical  perspective  on  the 
technology,  understanding  and  device  applications  of  GaN.  GaN 
has  a  direct  energy  gap  of  3.4  eV.  The  direct  gap  allows  efficient 
optical  transitions  both  in  absorption  and  luminescence.  Laser 
emission  in  the  UV  has  been  obtained  as  well  as  electrolumi¬ 
nescence  over  the  visible  spectrum.  In  particular,  efficient  blue- 
emitting  LEDs  have  been  made.  This  material  is  suitable  for  a 
variety  of  other  applications  such  as  electron-ballistic  devices, 
electro-optic  modulators  and  acousto-electric  devices.  Negative 
electron  affinity  has  been  demonstrated  with  a  cesiated  surface. 

GaN  has  been  grown  on  sapphire  by  various  deposition 
methods,  yielding  large-area  single  crystals  with  die  wurtdte 
structure.  More  recently,  the  cubic  form  of  GaN  has  been  grown 
on  a  nearly  lattice-matching  single  crystal  of  (J-SiC. 

F7.2 

GROWTH  OF  CUBIC  GaN  BY  REACTIVE-ION  MOLECULAR 
BEAM  EPITAXY.  R.C.  Powell.  G.A.  Tomasch,  Y.W.  Kim, 
J.A.  Thornton*  and  J.E.  Greene  Coordinated  Science 
Laboratory,  University  of  Illinois,  Urbana,  IL. 
•Deceased. 

Zinc-blende  structure  epitaxial  GaN  films  have  been 
grown  by  reactive-ion  molecular-beam  epitaxy  in  which 
Ga  is  supplied  by  evaporation  from  an  effusion  cell 
while  the  nitrogen  is  provided  by  an  ultra-high  vacuum 
hot-cathode  ion  source.  Mass  and  energy  analysis  of 
the  ion  beam  shows  it  to  be  approximately  85%  N2+  and 

15%  N+  with  an  energy  spread  of  -  5eV.  Films  grown  on 
MgO(100)lxl  substrates  at  temperatures  Ts  between 

650  and  800°C,  nitrogen  ion  acceleration  voltages  of 
35  V,  and  growth  rates  between  0.2  and  0.6  pm  h'  ' 
were  single  crystals.  The  films  exhibited  the 
zinc-blende  structure  with  a  lattice  constant  of 
0.446  nm.  Cross-sectional  transmission  electron 
microscopy  examination  of  -  0.7-pm-thick  epitaxial 
layers  show  smooth  abrupt  interfaces  with  the  primary 
defects  being  (111)  microtwins.  Room-temperature 
resistivities  could  be  varied  between  2.7x10^  and 
l.lxl04fl-cm  by  increasing  the  incident  N/Ga  ratio 
from  1.0  to  2.8  at  Ts  =  700°C.  Photoconductivity  decay 
experiments  show  the  presence  of  deep  traps. 

F7.3 

IIETEROEPITAXIAL  GROWTH  AND  CHARACTERIZATION 
OF  GaN  ON  SAPPHIRE  SUBSTRATES. 

T.P.  Humphreys.  C.A.  Sukow,  and  R.J.  Nemanich,  Department  oj 
I'hystcs,  North  Carolina  State  University,  llalttgh,  .VO  17605-$ JO*, 
J.B.  Posthill,  R.A.  Rudder,  S.V.  Hattangady,  and  R.J.  Markunas. 


Research  Triangle  Institute,  Research  Triangle  Dark.  ,VO  17709 

Epitaxial  GaN  dims  have  been  grown  by  plasma-enhaneed  chemi¬ 
cal  vapor  deposition  (PEC’VD)  at  the  Research  Triangle  InMilute. 
The  growth  procedure  utilizes  an  inert  gas  discharge  (lie)  com¬ 
bined  with  the  down  stream  introduction  of  a  trimethylgallium 
(TMGa)  and  nitrogen  mixture.  Growth  temperatures  were  varied 
in  the  500-660  “C  range.  Both  cubic  [1 1 1 1  and  wu>  'lie  |lKlt)l| 
GaN  epitaxial  films  have  been  achieved  on  basal  plane  sapphire 
substrates.  Differences  in  the  substrate  growth  temperature  and 
variations  of  the  flow  rates  of  the  reactant  gases  can  account  for 
the  different  observed  phases.  Phase  identification,  crystallo¬ 
graphic  orientation  relationships  and  microstructure  characteriza¬ 
tion  have  been  accomplished  with  transmission  electron  micros¬ 
copy.  Microtwins,  stacking  faults,  and  double-position  boundaries 
are  observed  in  cubic  GaN,  whereas  threading  dislocations  are  the 
predominant  defects  found  in  wurtzitic  GaN  epitaxial  films.  The 
optical  properties  of  the  grown  films  were  investigated  using 
Raman  spectroscopy.  The  first  reported  Raman  results  from  cubic 
GaN  will  be  presented  along  with  spectra  from  wurtzitic  GaN. 
The  observation  of  the  respective  Raman-active  phonon  modes  can 
also  be  used  for  phase  identification.  Further  characterization  of 
the  grown  films  was  accomplished  with  x-ray  diffraction,  scanning 
electron  microscopy,  Hall  measurements,  and  surface  analytical 
lechnicpies. 

F8.1 

LOW  TEMPERATURE  SELECTIVE  GROWTH  OF  0  -SiC  USING 
SiH2CI2/C3Hg/HCI/H2  GAS  SYSTEM.  Y.Ohshi ta.  Fun¬ 
damental  Res.  Lab.,  NEC  Corp.  ,  Miyazaki  4-1-1, 

Mi yamae-ku,  Kawasaki  213,  Japan 

0  -SiC  is  grown  on  a  Si(100)  substrate  by  chemi- 
.cal  vapor  deposition  method  under  reduced  pres¬ 
sure  using  SiH2CI2/C3H8/H2/HCl  gas  system.  A 
cold  type  vertical  CVD  reactor  by  radiant  heat¬ 
ing  method  is  used  for  the  present  work.  The  ad¬ 
dition  of  HC1  to  S i H2C1 2 /C3H8/H2  gas  system 
makes  it  possible  to  obtain  a  stoichiometric  0  - 
SiC  film  at  low  growth  temperature  of  900“C  .  The 
ratio  of  silicon  to  carbon  is  examined  by  Auger 
electron  spectroscopy.  The  deposited  film 
without  HC)  gas  contains  much  excess  silicon.  On 
the  other  hand,  the  silicon  to  carbon  ratio  is 
remarkably  improved  as  increasing  the  HC1  flow 
rate.  Excess  silicon,  nucleated  without  car¬ 
bonization  at  low  growth  temperature,  seems  to 
be  etched  away  from  the  film  surface  by  HC1  gas. 
The  film  is  found  to  be  highly  ( 1 00 ) -or i en t ed 
polycrystalline  0  -SiC  on  a  Si(100)  substrate  by 
electron  diffraction  pattern. 

Moreover,  0  -SiC  selective  growth  on  a  Si(100) 
surface,  with  no  nucleation  on  a  Si02  surface, 
is  achieved.  Without  HC1  gas,  SiC  is  deposited 
on  a  silicon  surface  and  the  whole  Si02  area. 
According  to  the  increase  of  the  HC1  gas  flow 
rate,  the  density  of  SiC  nucleation  on  a  Si02 
surface  is  much  decreased.  Perfect  selective  0- 
S1C  film  with  a  mirror  surface  is  obtained  in 
more  than  1.5%  HC1  concentration. 

F8.2 

ANNEALING  AND  CRYSTALLIZATION  PROCESSES  IN  AN 
HYDROGENATED  AMORPHOUS  SILICON-CARBON  ALLOY 
FILM* 

D.K.  Basa,  Department  of  Physics.  Utkal  University. 
Bhubaneswar  751004.  India  and  F.IV.  Smith,  Department 
of  Phvsics,  The  City  College  of  CUNY,  New  York, 
NY  10031,  U.S.A. 
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An  hydrogenated  amorphous  silicon-carbon  alloy  film 
(a-Si^  Cx:H,  with  x  =  0.29)  was  prepared  by  glow 

discharge  decomposition  of  a  silane  and  ethylene 
gas  mixture.  A  careful  and  detailed  investigation 
of  the  infrared  absorption  was  undertaken  in  the 
range  400  to  4000  cm  for  both  the  as-deposited 
(T  *250°C)  and  annealed  (up  to  1200°C)  film.  In 
addition  to  the  changes  in  the  local  bonding  brought 
about  by  annealing,  the  study  demonstrates  clearly 
that  there  is  a  change  from  amorphous  to  microcrystalline 

at  T  =800°C  and  then  to  crystalline  phase  at  T  =1200°C. 
a  a 

*This  research  was  carried  out  at  the  City  College 
of  New  York  and  was  supported  by  the  U.S.  Department 
of  Energy  under  Grant  No.  DE-FG02-84ER45168. 

F8.3 

A  COMPARISON  OF  TOE  MICROSTRUCTURE  OF  SiC  GROW  ON  (001)  Si, 
(111)  Si,  AND  6H-S1C  SUBSTRATES  BY  CVD.  J.  Yang,  F.  Pirouz. 
Department  of  Materials  Science  and  Engineering,  Case 
Western  Reserve  university,  Cleveland,  OH  44106;  and  J.  A. 
Powell,  NASA  Lewis  Research  Center,  Cleveland,  OH  44135. 


3C-S1C  has  been  grown  on  (001)  Si,  (111)  Si  and  (0001) 
6H-S1C  substrates  by  CVD.  The  eicrostructure  of  the  films 
has  been  investigated  by  Noaarski  differential  interference 
contrast  microscopy,  SDt  and  TUI.  On  the  (001)  Si  sub¬ 
strate,  the  3C-SiC  film  is  single  crystalline  with  a 
parallel  epitaxial  relationship  with  respect  to  the  sub¬ 
strate.  The  film  grown  on  (111)  Si  substrate  is  pre- 
doaunantly  in  parallel  epitaxy,  however,  small  aisoriented 
grains  are  also  present.  In  the  case  of  growth  on  the 
6H-S1C  substrate,  the  close-packed  planes  and  directions  of 
the  film  are  parallel  to  those  of  the  substrate.  A  wide 
variety  of  line  defects  and  planar  faults  occur  in  the 
3C-S1C  epilayers.  Stacking  faults  are  rnrnnm  to  all  the 
epilayers.  Inversion  domain  boundaries  (XDBs)  and  IDB 
dislocations  occur  in  films  grown  on  on-axis  (001)  Si  but, 
as  expected,  are  absent  in  those  grown  on  (111)  Si,  6H-S1C, 
and  off-axis- (001)  Si.  Double  positioning  boundaries  occur 
in  films  grown  on  (111)  Si  and  6H-SiC  substrates.  These 
faults  have  been  investigated  by  TEH,  and  misfit  disloca¬ 
tions  at  the  epilayer/  substrate  interface  are  characterized 
by  HREM.  In  addition,  6H-S1C  has  been  grown  epitaxially  on 
off-axis  6H-S1C  substrates.  The  defect  density  is  extremely 
low  in  the  latter  films.  The  mode  of  growth  (two-  or 
three-dimensional)  of  these  films  is  discussed  and  the 
formation  of  various  defects  are  related  to  the  growth  node. 

F8.4 

THE  FORMATION  OF  HELICAL  DISLOCATIONS  IN  SILICON 
SUBSTRATES  DURING  THE  EPITAXIAL  DEPOSITION  OF  BETA 
SILICON  CARBIDE  M.  Aindow.  T.T.  Cheng  and  P.  Pirouz, 
Depart  mem  of  Materials  Science  and  Engineering,  Case  Western  Reserve 
University,  Cleveland,  OH  44106,  USA. 

Conventionally,  electron  microscopy  studies  on  epitaxial  deposits 
of  semiconducting  materials  concentrate  on  defects  within  the  deposit  as 
these  features  can  alter  the  electrical  characteristics  of  devices  fabricated  in 
such  materials.  However,  in  some  systems  examination  of 
microstructural  changes  in  die  substrate  can  provide  useful  information 
about  deposition  mechanisms.  One  such  example  is  die  formation  of  pits 
during  the  initial  stages  of  deposition  of  beta  SiC  on  Si. 

An  electron  microscopy  study  will  be  presented  of  the  dislocation 
content  of  silicon  substrates  used  for  the  deposition  of  beta  SiC.  It  is 
shown  that  dislocations  lying  parallel  to  the  interface  in  the  silicon  wind 
up  into  helical  configurations  during  the  initial  stages  of  growth  in  which 
only  a  carbon  source  gas  is  used.  These  observations  are  rationalised  in 
terms  of  the  climb  of  screw  components  by  a  flux  of  silicon  vacancies  to 


pinned  segments  of  pre-existing  dislocations.  Evidence  for  such  a 
process  is  presented  in  terms  of  a  dependance  of  the  helix  radius  and  pitch 
upon  the  deposition  temperature.  Mechanisms  for  the  introduction  and 
pinning  of  dislocations  and  the  subsequent  formation  of  helices  will  be 
discussed. 

F8.5 

COMPOSITION  AND  STRUCTURE  OF  HIGHLY  ORIENTED  p- 
SiC  FILMS  GROWN  ON  Si  SUBSTRATES  BY  REACTIVE 
MAGNETRON  SPUTTERING.  O.U.Wahab.  Y.Yamamoto*, 
T.I.Selinder,  M.Willander  and  J.-E.Sundgren,  Dept,  of  Physics, 
LinkOping  University,  S-581  83  LinkOping,  Sweden. 

SiC  films  grown  on  Si  substrates  by  reactive  magnetron  sputtering 
have  been  investigated.  The  studied  Aims  were  grown  in  mixed  Ar/CH< 
discharges  on  both  (100)  and  (111)  oriented  Si  substrates  kept  at 
temperatures  T,  ranging  from  700  to  1250  °C.  The  results  show  that  the 
carbon  content  in  the  films,  as  determined  by  Auger  electron  spectroscopy, 
increased  rapidly  as  the  CH*  pressure.  Pent,  was  increased  and  that  films 
with  a  close  to  stoichiometric  composition  'could  be  grown  in  a  narrow 
range  of  PcH4-  As  Tt  was  increased  the  required  CH4  pressure  necessary 
to  obtain  stoichiometric  SiC  films  was  found  to  decrease.  Also  the  plasma 
conditions  affected  this  pressure  and  a  more  intense  plasma  resulted  in 
lower  PcH4*values.  This  demonstrates  that  the  CH4  decomposition 
necessary  for  carbon  incorporation  into  the  growing  film  both  occurs 
through  pyrolysis  and  through  decomposition  in  the  plasma.  X-ray 
diffraction  and  transmission  electron  microscopy  studies  showed  that 
single  phase  [5- SiC  films  could  be  grown  on  both  type  of  substrates.  Only 
the  (100)  oriented  substrates  resulted  in  highly  oriented  p-SiC  films.  These 
films  exhibited,  however,  small  randomly  located  regions  of  non-oriented 
(3-SiC.  These  latter  regions  were  found  to  be  associated  with  thermal  etch 
pits  in  the  substrates  originating  from  the  substrate  cleaning  procedure. 
Also  T|  was  critical  for  growth  of  p-SiC  films  and  values  higher  than 
approximately  1100  °C  was  necessary  to  obtain  single  phase  highly 
oriented  films.  For  lower  Tt  multi-phase  films  with  several  different  SiC 
polymorphs  were  observed  and  for  Ts  <  800  °C  the  films  were  amorphous. 
The  film  surface  morphologies  as  viewed  by  scanning  electron  microscopy 
showed  smooth  films  in  the  amorphous  region,  rough  surface 
morphologies  in  the  multi-phase  region  and  relatively  smooth  surfaces  for 
the  single  phase  P-SiC  films.  *  Permanent  address;  Nippon  Sheet  Glass 
Co.,  Ltd.,  5-4  Tokodai,  Tsukuba-city,  Ibaraki-pref.  300-26,  Japan. 

F8.6 

GROWTH  OF  EPITAXICAL  SiC  LAYERS  ONTO  ON-  AND  OFF- 
AXIS  6H-SiC  SUBSTRATES  BY  ION  BEAM  DEPOSITION.  K.L. 
More,  S.P.  Wilhrow.  T.E.  Haynes,  and  R.A.  Zuhr,  Oak  Ridge 
National  Laboratory,  P.O.  Box  2008,  Oak  Ridge,  TN  37831-6064 

Thin  films  of  P-SiC  have  been  grown  epitaxically  onto  on-axis  6H- 
SiC  substrates  using  ion  beam  deposition  (IBD).  The  IBD 
technique  involves  the  direct  deposition  of  alternating  layers  of 
13C*  and  30Si+.  The  carbon  and  silicon  ions  were  obtained  from 
an  ion  implanter  by  decelerating  mass-analyzed  ion  beams  to 
40  eV.  The  SiC  substrate  was  held  at  ~700*C.  Thin  films  of  a-SiC 
(predominantly  4H)  were  obtained  following  deposition  onto  off- 
axis  (~2')  6H-SiC  under  the  same  processing  conditions.  High 
resolution  electron  microscopy  and  Rutherford  backscattering 
techniques  were  used  to  determine  the  structure  and  crystalline 
perfection  of  the  resulting  layers. 

Research  sponsored  by  the  Division  ot  Materials  Sciences.  U.S. 
Department  of  Energy  and  the  Assistant  Secretary  for 
Conservation  and  Renewable  Energy,  Office  of  Transportation 
Systems,  as  part  ot  the  High  Temperature  Materials  Laboratory 
Program  under  Contract  DE-AC05-840R21400  with  Martin 
Marietta  Energy  Systems,  Inc. 
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F8.7 

SEM  OBSERVATION  Of  GROWTH  AND  DEFECT  FORMATION  ON 
HETEROEFYT  AXIALLY  GROWN  SiC  ON  ( 100)  SILICON.  B.  Molnar  and 
L.M.  Shlrey.  Naval  Research  Laboratory.  Washington.  D.C.  20375 


The  starting  surfaces  of  the  heteroepitaxlally  grown  cubic  SIC  Aims  on 
(1001  St  by  a  two  step  CV D,  using  a  C3Hg-SlH,(/H2  reaction  gas  system  at 
about  1370“C  were  studied.  A  highly  conductive  layer  on  the  SiC  at  the 
Sl/SlC  interface  was  observed  using  differential  Hall  measurements.  To 
determine  the  origin  of  this  conduction,  scanning  electron  microscopy 
(SEM)  was  used  to  show  the  morphology  of  both  the  (100)  SI  and  the  SIC 
surfaces  at  the  Sl/SlC  interface.  A  novel  method  was  developed  to  make 
the  SIC  surfaces  at  the  Sl/SlC  interface  observable  by  direct  SEM 
examination.  The  SIC  surfaces  appeared  smooth  under  the  optical 
microscope,  but  SEM  revealed  growth  features.  The  typical  SIC's  grown 
at  different  laboratories  vary  somewhat  in  appearance,  indicating  some 
differences  in  the  “carbonization  process’.  The  observed  growth  features 
are  related  to  the  characteristic  rectangular  shallow  pits  present  on  the 
(100)  Si  substrate  surfaces.  The  SEM  Image  of  the  SiC  surface  is  the 
reverse  of  that  of  the  SL  AH  or  a  portion  of  each  growth  feature  protrudes 
from  the  smooth  grown  SiC  surface,  indicating  that  these  growth 
features  extend  into  the  underlying  pits  In  the  Si  substrate.  Most  of  the 
pits  on  the  (100)  SI  surface  are  pyramidal  In  shape,  bounded  by  (111) 
planes,  with  a  linear  dimension  between  1000-6000  A.  The  growth 
features  either  fill  or  border  similar  rectangles  with  crystallographic 
patches  of  material  but  after  certain  growth  only  smaller,  unre solvable 
patches  with  different  densities  could  be  observed.  On  a  vicinal  (100)  Si 
surface  that  is  a  few  degrees  toward  (1 10).  the  pits  are  similarly  shaped. 
The  equal  presence  of  two  antiphase  domains  on  (100)  SI  became 
dominated  by  single  domains  on  such  an  off  axis  grown  SIC.  These 
features  have  consequences  for  the  initial  nudeatlon  of  SiC  and  the 
development  of  associated  growth  defects. 

F8.8 

THE  EFFECTS  OF  POWER  DENSITY  ON  THE  PROPERTIES 
OF  DIAMONDLIKE  FILMS*,  Shuguang  Chen,  Shuhan  Lin 
and  Yangming  Guo,  Department  of  Physics, 
Zhongshan  University,  Guangzhou,  China;  Kaiming 
Zhang.  Chemical  engineering  Department, 
Guangdong  Engineering  College,  Guangzhou,  China. 

The  diamond- like  carbon  films  were  prepared  by 
radio  frequency  plasma  CVD.  The  feedstock  was 
mixture  of  butane  and  hydrogen,  and  the 
substrates  were  kept  at  room  temperature  during 
the  deposition. 

The  dependence  of  deposition  rate,  conductivity, 
and  activity  energy  on  power  density  has  been 
studied.  The  results  showed  chat  the  deposition 
rate  increased,  the  conductivity  decreased  first 
and  then  increased,  and  the  activity  energy 
decreased  rapidly  with  the  increase  of  power 
density  in  our  study  range. 

The  dependence  of  optical  properties  on  the 
power  density  has  been  studied  using  a 
spectroscopic  ellipsometer .  We  found  the 
refractive  index  decreased  slightly,  but  the 
absosption  coefficient  increased  rapidly  with 
photo  energy.  The  results  have  been  discussed. 

* 

This  work  was  partly  supported  by  NSFC  and  by 
Guangdong  NSF. 

F8.9 

SUBSTRATE  AND  TEMPERATURE  DEPENDENT  MORPHOLOGY  OF 
rf-SPUTTERED  INDIUM  NITRIDE  FILMS.  T.  J.  K1 stenmacher . 

D.  Dayan,  R.  Falnchteln,  W.  A.  Bryden,  and  T7TT  Poehler, 
Applied  Physics  Laboratory,  The  Johns  Hopkins  University, 
Laurel,  MD  20707-6099 

The  morphology  of  rf-sputtered  films  of  the  wide  bandgap 
semiconductor  InN  on  a  variety  of  substrates  over  a  range  of 
substrate  temperatures  (50-600  ®C)  have  been  studied  by  X- 
ray  scattering  and  scanning  tunneling  microscope  (STM).  For 
films  deposited  on  fused  quartz  and  the  (111)  face  of 
silicon,  there  Is  a  transition  from  an  off-normal  Inclina¬ 


tion  to  a  fully  textured  (0002)  film  with  Increasing  sub¬ 
strate  temperature.  In  contrast,  films  deposited  on  the 
(0001)  face  of  sapphire  are  mixtures  of  textured  and  hetero- 
epltaxlal  domains.  The  volume  and  quality  of  epitaxial 
grains  are  maximized  In  the  substrate  temperature  range 
300-400  °C  and  the  rotation  of  the  reciprocal  lattice  of  InN 
by  30°  to  that  of  the  sapphire  substrate  was  determined  by 
X-ray  precession  photography.  Finally,  STM  has  proven  to  be 
a  particularly  powerful  method  for  determining  the  substrate 
and  temperature  dependence  of  the  grain  size,  surface  rough¬ 
ness  on  the  angstrom  scale,  and  Inter-grain  architecture  of 
the  textured  and  hetero-epltaxlal  domains  of  these  rf- 
sputtered  films. 

Supported  In  part  by  the  U.  S.  Dept,  of  Navy  under  contract 
N00039-89-C-5301. 

F8.I0 

TRANSMISSION  ELECTRON  MICROSCOPY  OF  InN  THIN  FILMS.  J.  S. 
Morgan.  T.  J.  Klstenmacher,  W.  A.  Bryden,  and  T.  0.  Poehler, 
Applied  Physics  Laboratory,  The  Johns  Hopkins  University, 
Laurel,  MD  20707-6099. 

This  paper  describes  growth  morphology  and  structure  of  rf- 
magnetron  sputtered  thin  films  of  InN,  studied  by  plan-view 
transmission  electron  microscopy.  Films  deposited  on  TEM 
grids,  (0001)  sapphire,  (111)  silicon  and  amorphous  quartz 
were  prepared  for  TEM  by  mechanical  abrasion  of  the  substr¬ 
ate  followed  by  sputter  etching. 

At  low  deposition  temperatures  (<  400  °C),  films  consisted 
of  small  basal-orlented,  columnar  grains.  Above  400  °C  to 
500  ®C,  depending  on  substrate  type,  growth  consisted  of 
larger,  faceted,  basal-orlented,  globular  grains.  Selected 
area  diffraction  on  individual  grains  yielded  diffraction 
patterns  from  several  reciprocal  lattice  zones.  Dark  field 
micrographs  revealed  high  dislocation  densities  within 
grains.  TEM  observations  of  growth  morphology  and  defect 
structure  were  correlated  with  compositional  analysis  (l.e., 
oxygen  Impurity  concentration)  and  transport  properties. 

Supported  In  part  by  the  U.  S.  Dept,  of  the  Navy  under  con¬ 
tract  N00039-89-C-5301 . 

F8.ll 

VI8KAI I0NAL  SPECTROSCOPY  OF  BORON  NITRIDE  AT  HIGH 
TEMPERATURES  AND  PRESSURES.  Gregory  0,  Exarhos,  Pacific 
Northwest  Laboratory,  P.  0.  Box  999,  MS  K2-44,  Richland,  WA 
99352;  and  Nancy  J.  Hess,  Mineral  Physics  Group,  Department 
of  Geology,  University  of  Washington,  Seattle,  WA  98195. 

A  relatively  high  refractive  index  and  enhanced  thermal 
stability  make  boron  nitride  an  attractive  coating  material 
for  optical  film  applications.  Raman  scattering 
measurements  have  been  used  to  distinguish  between 
crystalline  and  amorphous  phases  in  boron  nitride  coatings 
and  bulk  materials.  The  response  of  boron  nitride  to 
applied  stress  (temperature,  pressure)  is  evaluated  from 
measured  changes  In  the  vibrational  spectrum. 

Raman  scattering  from  the  hexagonal  phase  of  boron  nitride 
coatings  on  graphite  substrates  has  been  measured  to  2500  K 
using  a  pulsed-excltatlon  gated-detection  technique.  The  E9 
mode  frequency  decreases  monotonlcally  by  nearly  100  cm"1, 
while  the  Hnewldth  Increases  by  a  factor  of  three.  The 
phase  stability  of  boron  nitride  at  high  temperatures  Is 
confirmed  by  these  measurements,  which  are  in  agreement  with 
a  simple  phonon  decay  model  for  the  excitation. 

Raman  spectra  of  boron  nitride  as  a  function  of  applied 
pressure  to  100  kbar  were  acquired  from  samples  mounted  In  a 
diamond  anvil  cell.  Stability  of  the  hexagonal  phase  under 
hydrostatic  conditions  was  confirmed.  Current  work  Involves 
Raman  measurements  of  samples  subjected  to  uniaxial  stress 
where  transformation  to  an  amorphous  phase  has  been 
predicted.  The  pressure-induced  frequency  shift  of  the 
observed  E.  mode  can  be  used  to  determine  strain  and  strain 
heterogeneity  In  deposited  films. 
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F8.12 

MOCVD  OF  WIDE  BANDGAP  III-V  SEMICONDUCTORS  BY 
USING  NOVEL  PRECURSORS.  K^-Lun  Ho,  Klavs  F  Jcnscn 
Department  of  Chemical  Engineering,  Massachusetts  Institute  of 
Technology,  Cambridge,  MA  02139,  Wayne  L.  Gladfelter,  David 
Boyd,  and  John  Evans  Department  of  Chemistry,  University  of 
Minnesota,  Minneapolis,  MN  55455. 


Wide  bandgajp  m-V  compound  semiconductors,  specifically  the  ternary 
compound  AlxGai_,N  are  potential  materials  for  optoelectronic  devices 
operating  in  the  blue  to  ultraviolet  range.  Conventional  growth 
techniques  require  high  temperatures  which  are  suspected  of  introducing 
nitrogen  vacancies  in  the  materials.  As  an  alternative,  we  present 
°r!ar™C'aJ'^  chenucal  vaP°r  deposition  (MOCVD)  growth  of  AIN 
and  GaN  based  on  novel  precursors  designed  to  decompose  at  relatively 
low  temperatures.  Furthermore,  instead  of  introducing  separate  sources 
for  nitrogen  (e.g.  NH3)  and  the  group  III  metal  (e.g.  Al(CHi)i),  these 
new  source  compounds  already  contain  the  metal-nitrogen  bond  A 
large  number  of  suitable  sources  have  been  evaluated  and  of  these  we 
focus  on  diethylaluminumazide  (Et2AlN3)  which  gives  pure  AIN  films. 

The  growth  rate  mechanism  for  formation  of  AIN  has  been  investigated. 
The  ethyl  groups  leave  predominantly  by  ^-elimination  and  the  azide 
group  evolves  nitrogen  leaving  hydrogenated  AIN  behind.  Reasonable 

^  >  ®  ^our)  sr*  observed  at  temperatures  starting  at 
450  C.  The  growth  process  appears  to  be  limited  bv  chemical  kinetics 
with  an  apparent  activation  energy  of  30  kcalmole  except  at  high 
temperatures  (  >  600°C)  where  mass  transfer  influences  the  growth 
process.  At  the  low  temperatures  the  films  are  amophorphous  and 
contain  hydrogen  as  determined  by  FTIR.  The  hydrogen  content 
decreases  and  thecrystallinity  of  the  film  increases  with  temperature. 
Films  grown  on  (0001)  sapphire  substrates  at  temperaures  above  850°C 
show  good  crystalline  properues.  The  optical  properties  of  the  as- 
grown  material  are  discussed  in  terms  of  deposition  conditions. 

F8.13 

THEORETICAL  INVESTIGATION  OF  GRAPHITIC  BeO 
Rf.ata  M.  Went^ovit^l,,.  The  James  Franck  lnstitute  and 

Unro-  T,  ofThyX,CS-  Tbe  Universit>’  of  Chicago.  Chicago.  IL 
60G3‘ ;  Alessandro  Continenza  and  Arthur  J.  Freeman.  Depart¬ 
ment  of  Physics  and  Astronomy,  Northwestern  University 

Evanston,  IL  00208.** 

The  question  of  whether  BeO,  a  wide  gap  semiconductor  (7.8  ' 
IU.7  eV ),  could  exist  or  not  in  the  layered  graphitic  phase,  like 
the  other  members  of  the  family  of  first  row  solids  C  and  BN.  is 
still  an  open  point.  In  this  work  we  investigate  this  possibility 
through  a  hrst  principles,  all-electron,  total  energy  LDA  study 
or  the  electronic  structure  of  the  compounds  in  this  series  in  the 
layered  and  in  the  dense  wurtzite-like  phases.  We  obtain  the 
minimum  energy  path  between  these  phases  in  BeO  and  com¬ 
pare  with  those  of  C  and  BN.  The  chemical  trends  responsible 
Tor  relative  metastability  along  the  series  are  revealed  after  a  de¬ 
tailed  analysis  of  the  differences  of  the  energy  components  of  the 
compounds  in  the  two  phases.  We  also  offer  a  process  for  the 
synthesis  of  BeO  which  is  based  on  recent  progresses  in  the  syn¬ 
thesis  of  new  graphitic  materials  by  Chemical  Vapor  Deposition. 


rectifier  and  as  an  UV  LED,  which  proved  that  the 
c-BN  can  be  a  good  potential  candidate  as  an 
electronic  and  optoelectronic  material. 

Purity  and  perfection  of  the  c-BN  crystals  were 
not  optimum  and  productivity  of  the  high-quality 
c-BN  crystals  at  a  high  pressure  was  limited  due 
to  the  present  experimental  difficulties.  Some  of 
the  works  that  are  being  made  on  the  refinement  of 
the  diode  production  will  be  reported. 

Surface  morphology  and  crystallographic  polarity 
of  the  c-BN  crystals  will  be  also  discussed. 

F9.2 

A  NO?  OPTOELECTRONICS  SEMICONDUCTOR  CUBIC  BN:  PROPERTIES  OF 
N.I.R.I.M.  MADE  CRYSTALS  AND  POTENTIALITIES .  Roh  Era  and 
Osanu  Mishima,  National  Institute  for  Research  in  Inorganic 
Materials,  Namiki  1-1,  Tsukuba,  Ibaraki  305,  Japan. 

Optoelectronic  properties  have  been  studied  on  undeped, 
Be-dqoed(p) ,  Si-doped(n),  and  their  junction  crystals  made 
by  a  method  of  ultra-high  pressure  synthesis.  Main  emission 
bands  of  our  forward-biased  pn  junctions  peak  at  315  or  255 
nm(calibrated) ,  depending  on  crystals.  The  315  rm  band 
appears  often.  Tails  of  the  emission  bands  extend  towords 
infrared.  A  small  peak  is  observed  at  around  475  rwi  in  315 
nm  crystals.  Emission  power  efficiency  is  estimated  to  be 
ppm  or  less.  Under  reverse-bias  or  cathode  ray  excitation, 
a  weak  emission  appears  in  longer  wavelength  region. 
Attenpts  have  not  been  succeeded  in  obtaining 
photoluninescence.  Relatively  high  efficiency  of  injection 
excitation  for  the  UV  bands  seams  exceptional  among  various 
excitation  conditions.  Excited  state  processes  which  bring 
about  these  characteristics  Rust  be  governed  strongly 
by  substantial  amounts  of  crystal  inperfecticns  caning 
from  the  present  preparation  conditions.  Such  excited 
state  processes  are  disscused, 

Triough  the  observed  blue  emission  and  potential  of 
blue-emitting  LEE  of  cH?  have  attracted  much  attention,  we 
believe  that  significance  of  this  material  lies  in  its 
ultraviolet,  particularly  in  200  rm  range,  injection 
emission  nature.  Cubic  BN  can  be  recognized  as  alnost  only 
material  with  which  both  p—  and  n-type  semiconductors  are 
certainly  made,  having  very  wide  bandgap  (estimated  to  be  7 
eV) .  Whereas,  as  the  blue-emitting  LED  material,  cEN  seams 
to  have  little  advantage  on  the  sriole  in  oenparison  with 
SiC.  Discussions  are  made  on  potentialities  as  a  material 
for  novel  optoelectronics  devices  and  on  problems  to 
realize  them. 

F9.3 

CONDUCT IVTTT  QF  FIIMS  OF  BOSCH  HIIRIDS.  G.A,Soko- 
0. I, Lazareva,  S.V,Bantsekov,  Institute  of 
A^sioal  Chemistry  of  the  Academy  of  Sciences  of 
the  USSR,  Moscow  117915,  Lenin aky  Prospekt,  31 
and  L.Pott,  Technische  Hochschulo  9010  Karl-marx- 
Stadt,  Strassa  dar  Nationen  62,  DDR, 


*  Present  address:  Brookhaven  National  Laboratory,  Physics 
Department  510A,  Upton,  NY  11973.  ‘  J 

DMR88r21o37UlPPOned  by  NSF  thr0Ugh  NWUMRC  8 ''ant  # 
F9.1 

CUBIC  BORON  NITRIDE  PN  DIODE  MADE  AT  HIGH  PRESSURE 
Osamu  Mishima,  National  Institute  for  Research  in 
Inorganic  Materials,  1-1  Namiki,  Tsukuba,  305 
Japan 

The  fabrication  of  a  c-BN  pn  junction  diode  with 
the  temperature  difference  solvent  method  at  about 
50  kbar  and  1700 °C  will  be  reviewed.  The  obtained 
diode  was  functional  as  a  high-temperature  (65Q’C1 


films  of  amorphous  boron  nitride  were  obtained  by 
the  method  of  ion-assisted  deposition,  A  few  of 
thick  films  with  high  adhesion  were  deposited 
on  tungsten  carbide. 

The  transverse  current  has  been  measured  in  the 
system  W0  substrate-BH  film -electrode  of  aquadag 
or  Ag.  The  temperature  dependence  of  the  static 

end  dynamic  G  (T)  conductivity  was  measu¬ 
red  at  low  eleotric  field  intensity  in  the  linear 
region  of  the  current-voltage  characteristic. 
Temperature  variation  of  d.o. conductivity  G.  (T) 
was  obtained  over  the  whole  range  300  c  T  *  906  jc, 
ekile  8-«C®)  -  150*1*900  £  at  frequencies  f  ■ 
1o*-lo^"as#  Experimental  data  on  G.„(T)  and  G.„ 
(T)  were  snail zed  on  the  basis  of  Modal  suggested 
by  Davis  and  Mott  for  the  density  of  states  in 
forbidden  gap  of  non-crystalline  materials. 
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V*  concluded i  that  there  are  three  different  me¬ 
chanisms  of  transport  by  charge  carriers! a)  T  < 
250  X:  conductivity  due  to  carriers  hopping  bet¬ 
ween  local axed  states  near  the  Fermi  energy jb) 
over  the  whole  range  250 T*  700  ^-conductivity 
due  to  carriers  excited  into  the  localised  states 
at  the  band  edges  1  o)  at  I  >700  X  conductivity 
due  to  transport  by  carriers  into  non-localised 
states* 

F9.4 

POLY CRYSTALLINE  tL  -BN:  STRUCTURE, CONDUXTION, AND 
THE  BAND  GAP  ENERGETIC  STATES.  V.V. Lopatin. 

High  Voltage  Institute,  Tomsk,  USSR. 

Pyrolytic  boron  nitride  (PBN)  prepared  by  a  va¬ 
pour-phase  deposition  possesses  the  unique  ther¬ 
mal  physical,  and  dielectric  properties  which  are 
determined  not  only  by  electronic  structure  but 
also  by  anisotropic  structure;  viz.  the  crystal¬ 
lite  sizes,  boundary  conditions,  and  texture. 

The  paper  presents  the  results  of  measurements 
of  the  dielectric  PBN  properties  in  the  range  to 
2000  X.  The  peculiarities  of  the  electronic 
structure  and  texture  are  analyzed  as  the  cause 
of  the  conductivity  anisotropl  &•  .  The  expres¬ 
sions  allowing  to  define  a  conduction  of  anisot¬ 
ropic  polycrystals  by  the  measured  texture  func¬ 
tion  and  £>✓  of  single  crystals  are  given. 

The  modulation  thermoactivation  spectroscopy  was 
used  to  determine  the  energetic  and  kinetic  pa¬ 
rameters  of  the  centres  of  trapping  and  recombi¬ 
nation  of  the  charge  carriers,  which  are  placed 
in  a  band  gap  and  take  part  in  charge  transport. 
It  was  found  that  the  holes  play  a  main  part  in 
the  charge  transport  in  the  temperature  range 
to  650  K. 

F9.5 

GROWTH  AND  PHYSICAL  PROPERTIES  OF  rf-MAGNETRON  SPUTTERED  InN 
SEMICONDUCTING  FILMS.  W.  A.  Brydcn.  J.  S.  Morgan,  T.  J. 
Klstenmacher,  D.  Dayan,  R.  Falnchteln,  and  T.  0.  Poehler, 
Applied  Physics  Laboratory,  The  Johns  Hopkins  University, 
Laurel ,  HD  20707-6099. 

InN  films  have  been  grown  using  reactve  rf-magnetron  sput¬ 
tering  and  characterized  by  the  measurement  of  their  opti¬ 
cal,  electrical,  structural  and  compositional  properties. 
Films  have  been  prepared  on  fused  quartz,  silicon  (111)  and 
sapphire  (0001).  Optical  absorption  and  reflectance  have 
been  performed  on  the  samples.  Electrical  properties 
(resistivity  and  Hall  effect)  have  been  measured  from  1.4K 
to  500K.  Structural  characterization  has  been  carried  out 
using  X-ray  scattering,  SEM,  TEM  and  STM.  Deposition  at 
50  *C  results  In  films  with  a  columnar  growth  morphology,  a 
high  carrier  density  and  low  mobility.  As  the  temperature 
of  deposition  Is  increased  an  abrupt  change  In  the  growth  Is 
evident  near  400  *C  that  Is  manifested  In  a  change  In  the 
structural  properties  and  the  electrical  transport.  At 
higher  temperatures,  the  film  properties  steadily  Improve 
until  at  550  *C  the  films  grown  on  (0001)  oriented  sapphire 
show  grains  that  are  epitaxial,  with  a  tenfold  decrese  In 
carrier  density  and  an  increase  of  mobility  by  a  factor  of 
four.  While  the  variation  In  deposition  temperature 
improves  the  physical  proparties  of  the  material  the  carrier 
density  remains  high  and  the  mobility  relatively  low.  Auger 
analysis  of  the  films  shows  a  highly  oxygenated  surface 
layer  which  extends  significantly  Into  the  bulk  of  the 
films.  The  oxygen  impurity  severely  degrades  the  semicon¬ 
ducting  properties  of  the  meterlal  and  modifications  are 
underway  that  will  lead  to  InN  films  that  are  of  much  higher 
quality. 

Supportad  in  part  by  the  U.  S.  Dept,  of  Navy  under  contract 
N00039-89-C-530 1 . 


F9.6 

BORON  PHOSPHIDE  AS  A  REFRACTORY  SEMICONDUCTOR. 
Y  .Kumashiro.  Yokohama  National  University, 

' csohama.  Kanagawa;  M.Hirabayashi,  Electro¬ 
technical  Laboratory,  Tsukuba,  Ibaraqi; 
S.Takagi,  Dai do  Steel  Co.  Ltd.,  Naqoya,  Aichi. 

The  present  paper,  first,  reviews  our  results  on 
refractory  semiconductor  of  boron  phosphide  sin¬ 
gle  crystalline  wafers.  The  crystal  qrowth  by 
CVD  process,  characterization  by  Bond  method, 
electrical  properties  by  van  der  Pauw  method, 
thermoelectrical  properties,  thermal  properties 
by  a  unique  ring-flash  light  method  and  Schottky 
diode  characteristics  are  mentioned. 

The  following  results  are  concluded. 

1 .  The  results  of  the  precise  measurements  of 
lattice  constant  would  explain  the  conduction 

„  type  and  isotope  substitution  effect  in  BP. 

2.  Some  electronic  transport  properties  such  as 
donor  and  acceptor  levels  and  lattice 
scattering  process  before  and  after  thermal 
neutron  experiments  are  clarified.  Thermal 
conductivity  shows  a  pronounced  temperature 
dependence  due  to  phonon  scattering. 

3.  Mobility  of  30  cm’/s-V  at  850  “C  and  hiqh 
thermoelectric  power  of  -  500  uV/K  indicate 
the  promising  materials  for  devices  operated 
at  high  temperatures,  while  high  thermal  con¬ 
ductivity  of  4.0  W/cm*K  for  heat-sink  for 
semiconductor  devices. 

4.  Schottky  diodes  of  n-BP-Sb  and  -Au  shows 
excellent  characteristics  and  barrier  height 
of  n-BP  is  independent  of  material  and 
two-thirds  of  energy  bandgap. 

In  addition  to  review  talk,  recent  results  on 
thermelectric  properties  of  sintered  BP  specimen 
are  mentioned.  The  highest  thermoelectric  power 
of  2  mV/X  and  high  thermoelectric  figure  of 
merit  reflect  promising  materials  for  thermo¬ 
electric  device. 


F9.7 

THERMAL  AND  ION  BEAK  INDUCED  REACTIONS  IN  Ni  ON  BP. 

Naoto  Xobavash I .  Electrotechnical  Laboratory.  Tsukuba. 
Ibarakl,  Japan!  Yukinobu  Kuaashiro,  Yokohaaa  National 
University,  Yokoheat,  Xanaaava,  Japan;  Peter  Revesz,  J I  an  Li 
and  Jaws  V.  Nayer,  Cornell  University,  Ithaca,  NY,  USA 

In  order  to  study  the  basic  reaction  aechanisa  of  aetals 
vith  refractory  tide  bandsap  sesiconductor  BP  (bandgsp  with 
2.1  eV  and  aeltins  point  above  3000°C)  vhich  is  of  interest 
froa  the  vlev  of  the  device  application,  solid  phase  reac¬ 
tions  of  Ni  thin  films  vith  epitaxially  trosn  BP(100)  were 
invest iteted  both  in  therssl  treatsent  and  ion  beaa  induced 
process  vith  RBS,  AES,  XRD  end  XPS. 

In  therssl  processing  reactions  of  Ni  thin  films  vith  BP 
stsrted  between  360°C  and  400°C.  Ni  is  found  to  be  the 
■ovins  species  st  these  tesperetures.  The  forsation  of  the 
fully  retcted  crystalline  phase  vith  the  sixture  of  NIB  end 
NUP  was  observed  at  450°C.  Depth  profile  seesuresents  with 
RBS,  AES  and  XPS  have  revetted  unitors  sixture  of  the  two 
phases  in  depth.  At  elevated  tesperetures  above  600°C,  *lx- 
ture  of  phases  with  less  Ni  content  was  found  to  be  foraed. 

Ion  bets  induced  reactions  vith  600  keV  Xe  bovbardvents  were 
observed  at  teaperatures  betveen  77K  and  200°C  at  the 
fluence  with  6x10*°  lons/ca2.  Belov  root  tevpereture  the 
reaction  vas  found  to  be  inhosoieneous  end  shoved  an  aaor- 
phous  phase  vith  the  sase  oosposition  as  the  first  thersel 
phase.  The  reaction  Induoed  at  200°C  shoved  crystalline 
phase  with  the  ease  coaposltlon  and  the  sate  XRD  pattern  as 
those  reacted  thersel ly  st  460°C.  The  reacted  layer  thick¬ 
ness  as  t  function  of  the  ion  beas  fluence  at  200°C  in¬ 
creased  linearly  vith  the  fluence,  vhich  csn  sutsest  inter¬ 
face  reaction  aeohanisa  In  this  systeu. 
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F9.8 


BORON  PHOSPHIDE  ON  SILICON  FOR  RADIATION 
DETECTORS.  J.C.  Lund,  K.S.  Shah.  F.  Olschner,  Radiation 
Monitoring  Devices,  Inc.,  Watertown,  MA  02172;  and  F.  Ahmed, 
Devcom  Inc.,  Framingham,  MA  01701 

We  report  on  radiation  detectors  fabricated  from  boron  phosphide 
(BP)  layers.  These  devices  were  fabricated  by  growing  I  to  10  micron 
thick  layers  of  BP  by  chemical  vapor  deposition  (CVD)  on  (100) 
oriented  n-type  silicon  substrates.  Ohmic  contacts  were  applied  to  the 
Si  (Au-Sb)  and  Schottky  barrier  contacts  (also  Au-Sb)  were  applied  to 
the  BP  layer.  After  extensive  electrical  and  physical  characterization, 
the  resulting  devices  were  tested  as  radiation  detectors  and  were  found 
to  be  capable  of  detecting  individual  5.5  MeV  alpha  particles.  With 
some  improvements  we  hope  to  fabricate  neutron  detectors  from  these 
devices,  making  use  of  the  very  high  cross-section  of  boron  for  thermal 
neutrons. 

F9.9 

ZnGeP2:  A  WIDE  BANDGAP  CHALCOPYRITE  STRUC¬ 
TURE  SEMICONDUCTOR  FOR  NONLINEAR  OPTICAL 
APPLICATIONS.  G.C.  Xing  and  K.J.  Bachmann,  Depart¬ 
ment  of  Materials  Science  and  Engineering,  North  Carolina 
State  University,  Raleigh,  NC27695;  and  J.B.  Posthill,  Rese¬ 
arch  Triangle  Institute,  Research  Triangle  Park,  NC27709. 

ZnGePj  is  a  chalcopyrite  structure  semiconductor  with  a 
bandgap  of  1.99eV  at  room  temperature.  Since  ZnGeP2 
has  the  second  'rrgest  birefringence  of  the  known  II-IV- 
V  2  chalcopyrite  iructure  semiconductors,  it  is  of  interest 
in  the  contest  of  nonlinear  optical  applications.  Efforts 
have  been  made  in  improving  the  quality  of  ZnGeP2  sin¬ 
gle  crystals.  In  this  paper  we  report  the  growth  and 
characterization  of  ZnGeP2  epitaxial  layers  by  open  tube 
MOCVD  and  ZnGeP2  single  crystals  by  high-pressure 
vapor  transport.  The  electrical  and  optical  properties 
have  been  investigated  by  Hall  measurements,  absorp¬ 
tion  spectroscopy,  photoconductivity  and  photolumine¬ 
scence  spectroscopy,  and  compared  with  those  of  the 
crystals  grown  from  melt.  Both  the  melt-grown  crystals 
and  epitaxial  layers  show  extended  band  tailing  in  the 
transparency  range  of  ZnGeP2-  In  contrast,  the  high- 
pressure  vapor  transported  single  crystals  exhibits  sub¬ 
stantially  lower  sub-bandgap  absorption.  X-ray  diffrac¬ 
tion  and  transmission  electron  microscopy  have  been 
used  for  the  structural  characterization  of  these  crystals. 
The  results  show  that  both  the  epitaxial  films  and  the 
high-pressure  vapor  transported  crystals  crystallized  in 
the  chalcopyrite  structure. 
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IMPURITIES,  DEFECTS  AND  DIFFUSION 
IN  SEMICONDUCTORS:  BULK  AND 
LAYERED  STRUCTURES 

November  27  -  December  1,  1989 

SESSION  G1 :  ELECTRONIC  STRUCTURE  - 
DEEP  LEVELS  I 
Chair:  D.  J.  Wolford 

Monday  Morning,  November  27 
Salon  F  (M) 

8:30  *G1 ■ 1 

HIGH  RESOLUTION  SPECTROSCOPY  OF  POINT 
DEFECTS  IN  SEMICONDUCTORS,  H.G.  Grimmeiss. 
M.  Kleverman  and  J.  Olajos,  University  of 
Lund,  Department  of  Solid  State  Physics, 
Lund,  Sweden. 

9:00  G1.2 

INFRARED  ABSORPTION  STUDY  OF  ZINC-DOPED 
SILICON,  E .  Merk .  J.  Heyman  and  E.E. 

Haller,  University  of  California  at 
Berkeley,  Center  for  Advanced  Materials, 
Materials  and  Chemical  Sciences  Division, 
Lawrence  Berkeley  Laboratory,  Berkeley,  CA. 

9:15  G1.3 

INFRARED  STUDIES  OF  THE  DOUBLE  ACCEPTOR  ZINK 
IN  SILICON,  A.  Dornen.  R.  Kienle,  and  K. 
Thonke ,  Universitat  Stuttgart,  Physikal- 
isches  Institut,  Stuttgart,  West  Germany;  P. 
Stol2  and  G.  Pensl,  University  of  Erlangen, 
Institut  fur  Angewandte  Physik,  Erlangen, 
West  Germany;  D.  Griinebaura  and  N.D. 
Stolwijk,  University  of  Munster,  Institut 
fur  Metallforschung,  Munster,  West  Germany. 

9:30  G1.4 

PRESSURE  DEPENDENCE  OF  A  DEEP  EXCITONIC 
LEVEL  IN  SILICON,  G.  A.  Northrop  and  D.J. 
Wolford,  IBM  T.J.  Watson  Research  Center, 
Yorktown  Heights,  NY. 

9:45  G1.5 

NEW  ODMR  OBSERVATIONS  IN  Zn-DOPED  LEC  InP 
AND  Cr-  AND  Te-  DOPED  GaAs ,  J.M.  Trombetta 
and  T.A.  Kennedy,  Naval  Research  Laboratory, 
Washington,  DC. 

10:00  BREAK 


♦Invited  Paper 

Short  Courses  C-06,  "Deep  Level  Transient 
Spectroscopy,"  and  P-06,  "Ion  Implantation, 
Diffusion,  Defects,  and  RTP , "  may  be  of 
interest  to  symposium  attendees.  Details 
regarding  course  dates  and  instructors  are 
provided  in  the  short  course  section  of  this 
program. 


SESSION  G2:  ELECTRONIC  STRUCTURE  - 
DEEP  LEVELS  II 
Chair:  J.  M.  Langer 

Monday  Morning,  November  27 
Salon  F  (M) 

10:15  *G2. 1 

COMPLEX  DEFECTS  IN  SEMICONDUCTORS,  B. 
Monenar .  Linkoping  University,  Department  of 
Physics  and  Measurement  Technology,  Linkop¬ 
ing,  Sweden. 

10:45  G2.2 

THE  ELECTRONIC  STRUCTURE  OF  INTERSTITIAL 
IRON  IN  SILICON,  M.  Kleverman,  A-L 
Thi lderkvist .  G.  Grossmann,  J.  Olajos  and 
H.G.  Grimmeiss,  University  of  Lund,  Depart¬ 
ment  of  Solid  State  Physics,  Lund,  Sweden. 

11:00  G2  ,_3_ 

D-BAND  LUMINESCENCE  IDENTIFIED  WITH  TRANSI¬ 
TION  METAL  DECORATED,  AS  DISTINCT  FROM 
UNDECORATED  DISLOCATIONS,  V.  Hioas  and  E.C. 
Lighrowlers,  King's  College  London,  Physics 
Department,  London,  United  Kingdom. 

11:15  G2.4 

PHOTOLUKINESCENCE  EXCITATION  SPECTROSCOPY  OF 
MOCVD- GROWN  GaAs:V,  Y.J.  Kao.  N.M.  Haegel, 
University  of  California,  Los  Angeles, 
Department  of  Materials  Science  and  En¬ 
gineering,  Los  Angeles,  CA;  and  W.S.  Hobson, 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ. 

11:30  G2.5 

RADIATIVE  AND  NON-RADIATIVE  RECOMBINATIONS 
AT  Er  CENTERS  IN  GaAlAs ,  Taha  Benyattou, 
Ejelloul  Seghier,  and  Gerard  Guillot.  INSA 
de  Lyon,  LPM  Department,  Villeurbanne , 
France;  Pierre  Galtier  and  Marie-Noelle 
Charasse,  Thomson  CSF/LCR,  Orsay,  France. 

11:45  G2,6 

CHARACTERIZATION  OF  DEEP-LEVEL  DEFECTS  IN 
SEMI-INSULATING  GaAs  AND  InP  BY  PHOTOINDUCED 
TRANSIENT  SPECTROSCOPY  (PITS),  Pawel 
Kamir.ski .  Institute  of  Electronic  Materials 
Technology,  Physical  Investigations  Depart¬ 
ment,  Warszawa,  Poland. 

SESSION  G3:  ELECTRONIC  STRUCTURE  jr 
SHALLOW  IMPURITIES 
Chair:  M.  L.  W.  Thewalt 
Monday  Afternoon,  November  27 
Salon  F  (M) 

l:3C  *G3 . 1 

ENHANCEMENT  OF  MINORITY  CARRIER  LIFETIMES  IN 
n+/n/n+  GaAs  HOMO-STRUCTURES,  Leigh  M.  Smith 
and  D.J.  Wolford,  IBM  T.J.  Watson  Research 
Center,  Yorktown  Heights,  NY;  R. 
Venkatasubramanian  and  S.K.  Ghandhi,  Rensse¬ 
laer  Polytechnic  Institute,  Troy,  NY. 
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2:00  G3.2 

EVIDENCE  FOR  STRONG  TRAPPING  BY  IONIZED 
DONORS  OF  FREE  EXCITONS  IN  EXCITED  STATES, 
S .  Zemon  and  G.  Lambert,  GTE  Laboratories, 
Waltham,  MA. 

2:15  G3.3 

FORMATION  OF  THREE  RED-SHIFT  EMISSIONS  IN 
HEAVILY  GERMANIUM-DOPED  P-TYPE  GAAS  GROWN  BY 
MBE ,  Y.  Makita.  A.  Yamada,  H.  Shibata,  N. 
Ohnishi,  A.C.  Beye  and  K.M.  Mayer,  Electro¬ 
technical  Laboratory,  Photopress  Section, 
Ibaraki,  Japan. 

2:30  G3.4 

ELECTRICAL  PROPERTIES  OF  HEAVILY  Be-DOPED 
GaAs  GROWN  BY  MOLECULAR  BEAM  EPITAXY,  iL. 
Shibata .  Y.  Makita,  A.  Yamada,  N.  Ohnishi, 
M.  Mori,  Y.  Nakayama,  A.C.  Beye,  and  K.M. 
Mayer,  Electrotechnical  Laboratory,  Ibaraki, 
Japan. 

2:45  G3.5 

PHOTOLUMINESCENCE  STUDY  OF  GaAs  DIFFUSED 
WITH  Li,  H.P.  Gislason  and  E.O. 
Sveinb jornsson ,  University  of  Iceland, 
Science  Institute,  Reykjavik,  Iceland;  B. 
Monemar  and  M.  Ahlstrdm,  Linkdping  Univer¬ 
sity,  IFM,  Linkoping,  Sweden. 

3:00  G3.6 

LASER-THERMAL  IMPURITY  PUMPING  OF  SHALLOW 
DONORS  IN  ULTRAPURE  GERMANIUM,  T.  Theiler 
and  F.  Keilmann,  Max-Planck-Institut  fur 
Festkorperforschung,  Stuttgart,  West  Ger¬ 
many. 

3:15  BREAK 

SESSION  G4 :  ELECTRONIC  STRUCTURE  -  NATIVE 
DEFECTS  AND  TRANSITION  METALS  IN  III  -  V's 
Chair:  S.  G.  Bishop 

Monday  Afternoon,  November  27 
Salon  F  (M) 

3:30  G4.1 

VACANCY-TYPE  DEFECTS  IN  PLASTICALLY  DEFORMED 
GaAs,  P.  Mascher.  S.  Dannefaer  and  D.  Kerr, 
University  of  Winnipeg,  Department  of  Phys¬ 
ics,  Winnipeg,  Canada. 

3:45  G4.2 

ODMR  STUDIES  ON  BULK  GALLIUM  PHOSPHIDE, 
Keith  L.  Brower.  Sandia  National  Laborator¬ 
ies,  Albuguerque,  NM. 

4:00  G4.3 

THE  ROLE  OF  OXYGEN  IN  p-TYPE  InP,  J.  Michel. 
J.  Jeong,  K.M.  Lee  and  L.C.  Kimerling,  AT&T 
Bell  Laboratories,  Murray  Hill,  NJ. 


4:15  G4.4 

MID-INFRARED  SPECTRAL  PHOTORESPONSE  OF  SEMI- 
INSULATING  GaAs,  G . J .  Brown ,  and  W.C. 
Mitchel,  U.S.  Air  Force,  Wright  Research  and 
Development  Center,  Materials  Laboratory 
(WRDC/MLPO),  Wright-Patterson  AFB ,  OH. 

4:30  G4.5 

ASSOCIATION  OF  THE  0.8eV  EMISSION  BAND  TO 
THE  EL6  CENTER  IN  GAAS,  S.  Alava .  M.A. 
Zaidi,  G.  Marrakchi,  H.  Maaref,  Faculte  des 
Sciences,  Physique  Department,  Monastir, 
Tunisia;  H.J.  Von  Bardeleben  and  J.C. 
Bourgoin,  Universite  Paris  VII,  Groupe 
Physique  des  Solides  (ENS),  Paris,  France. 

4:45  G4.6 

THE  ELECTRONIC  STRUCTURE  OF  THE  ”0.15eV"  Cu 
ACCEPTOR  LEVEL  IN  GaAs,  E.  Janzen ,  M. 
Linnarsson  and  B.  Monemar,  Linkoping  Univer¬ 
sity,  Department  of  Physics  and  Measurement 
Technology,  Linkoping,  Sweden;  M.  Kleverman, 
University  of  Lund,  Department  of  Solid 
State  Physics,  Lund,  Sweden. 

SESSION  G5_; _ ELECTRONIC  STRUCTURE  - 

COMPLEX  DEFECTS  IN  Si 
Chair:  M.  stavola 
Tuesday  Morning,  November  28 
Salon  F  (M) 

8:00  »G5.1 

PHOTOLUMINESCENCE  CHARACTERIZATION  OF  IM¬ 
PURITIES  AND  DEFECTS  IN  SEMICONDUCTORS, 
M.L.W.  Thewalt.  Simon  Fraser  University, 
Department  of  Physics,  Burnaby,  Canada. 

8:30 

GENERATION  AND  DISSOCIATION  OF  IRON-BORON 
PAIRS  IN  SILICON,  M.  Suezawa  and  K.  Sumino, 
Tohoku  University,  Institute  for  Materials 
Research,  Sendai,  Japan. 

8:45  G5.3 

THEORETICAL  INVESTIGATIONS  OF  THE  METASTA¬ 
BILITY  OF  IRON-GROUP  III  ACCEPTOR  PAIRS  IN 
SILICON,  J.R.  Leite  and  L.V.C.  Assali, 
Universidade  de  Sao  Paulo,  Instituto  de 
Fisica,  Sao  Paulo,  Brazil. 

9:00  G5.4 

PHOTOCONDUCTIVITY  STUDY  OF  CrB  AND  Cr^  IN 
SILICON,  A.  Schlette,  R.  Kienle,  A.  Dornen, 
and  K.  Thonke .  Universit&t  Stuttgart,  Physi- 
kalisches  Institut,  Stuttgart,  West  Germany. 

9:15  *G5 . 5 

FORMATION  OF  In-Cu  PAIRS  IN  SILICON  DURING 
CHEMO-MECHANICAL  POLISHING,  Th.  Wichert.  R. 
Keller,  M.  Deicher,  W.  Pfeiffer,  H.  Skudlik 
and  D.  Steiner,  UniversitSt  Konstanz,  Fakui- 
t&t  fur  Physik,  Konstanz,  West  Germany. 

9:45  BREAK 
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SESSION  G6 :  HYDROGEN  IN  Si ■  I 
Chair:  M.  Stavola 
Tuesday  Morning,  November  28 
)  Salon  F  (M) 

10:15  *G6.1 

FERMI  RESONANCE  EFFECTS  ON  THE  VIBRATION 
MODES  OF  HYDROGEN-PASSIVATED  BORON  IN  SILI¬ 
CON,  G.D.  Watkins.  W.B.  Fowler,  G.G.  DeLeo , 
M.  Stavola  and  D.M,  Kozuch,  Lehigh  Univer¬ 
sity;  S.J.  Pearton,  J.  Lopata,  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ. 

10:45  G6.2 

OPTICALLY  DETECTED  MAGNETIC  RESONANCE  OF  A 
HYDROGEN-RELATED  COMPLEX  DEFECT  IN  SILICON, 
W.M.  Chen.  O.O.  Awadelkarim,  B.  Monemar, 
Linkoping  University,  Department  of  Physics 
and  Measurement  Technology,  Linkdping, 
Sweden;  J.L.  Lindstrdm,  Swedish  Defence 
Research  Establishment,  Linkoping,  Sweden; 
and  G.S.  Oehrlein,  IBM  T.J.  Watson  Research 
Center,  Yorktown  Heights,  NY. 

11:00  *G6 . 3 

HYDROGEN  BEHAVIOUR  IN  SILICON,  Guido  L. 
Chiarotti  .  F.  Buda ,  R.  Car  and  M. 
Parrinello,  International  School  for  Ad¬ 
vanced  Studies,  Condensed  Matter  Department, 
Trieste,  Italy. 

11:30  G6.4 

HYDROGEN  DIFFUSION  IN  B-DOPED  SILICON,  C.P. 
Herrero .  C.S.I.C.,  Instituto  de  Ciencia  de 
Mater iales,  Madrid,  Spain;  M.  Stutzmann  and 
A.  Breitschwerdt ,  Max-Planck-Institut  fur 
Festkorperforschung,  Stuttgart,  West  Ger¬ 
many. 

11:45  G6.5 

MODELING  OF  THE  DIFFUSION  OF  HYDROGEN  IN 
SILICON,  D.  Mathiot.  CNET-CNS,  Meylan, 
France;  and  D.  Ballutaud,  P.  de  Mierry  and 
M.  Aucouturier,  CNRS,  Laboratoire  Physiques 
des  Sol ides,  Meudon,  France. 


2 : 15  G7 , 3 

HYDROGEN  IN  CRYSTALLINE  SILICON  UNDER  COM¬ 
PRESSION  AND  TENSION,  C.S.  Ni  r.hol  s  and  D.R. 
Clarke,  IBM  T.J.  Watson  Research  Center, 
Yorktown  Heights,  NY. 


2:30  G7.4 

ANALYSIS  OF  REAL-TIME  HYDROGENATION  DATA 
FROM  P  AND  N-TYPE  SILICON,  Carleton  H. 
Seager  and  Robert  A.  Anderson,  Sandia  Na¬ 
tional  Laboratories,  Albuquerque,  NM. 


2:45  G7 ■ 5 

HYDROGEN  SEGREGATION  AT  AL/SI  INTERFACE 
STUDIED  BY  NUCLEAR  RESONANT  REACTION,  Joyce 
C.  Liu.  A.D.  Marwick  and  F.K.  LeGoues,  IBM 
T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY. 


3:00  G7.6 

DISSOCIATION  KINETICS  OF  SHALLOW  ACCEPTOR- 
HYDROGEN  PAIRS  IN  SILICON,  T.  Zundel  and  J. 
Weber,  Max-Planck-Institut  fur  Festkorper¬ 
forschung,  Stuttgart,  West  Germany. 


3:15  BREAK 


SESSION  G8 :  HYDROGEN  IN  III-V  SEMICONDUCTORS 
Chair:  E.  E.  Haller 
Tuesday  Afternoon,  November  28 
Salon  F  (M) 


3:45  *GB . 1 

HYDROGEN  COMPLEXES  IN  III-V  SEMICONDUCTORS, 
Bernard  Paiot.  Universite  Paris,  Groupe  de 
Physique  des  Solides  de  l'ENS,  Paris, 
France. 

4:15  SS.^2 

Sn-H  COMPLEXES  IN  GaAs ,  D.M.  Kozuch,  Lehigh 
University,  Sherman  Fairchild  Laboratory, 
Physics  Department,  Bethlehem,  PA;  M. 
Stavola .  S.J.  Pearton,  C.R.  Abernathy  and  J. 
Lopata,  AT&T  Bell  Laboratories,  Murray  Hill, 
NJ. 


SESSION  Q7: _ HYDROGEN  IN  Si,  II 

Chair:  E.  E.  Haller 
Tuesday  Afternoon,  November  28 
Salon  F  (M) 

1:30  *£ZjJL 

THE  STRUCTURES  OF  ISOLATED  HYDROGEN  CENTERS 
IN  SEMICONDUCTORS  INFERRED  FROM  MUONIUM, 
T.L.  Estle.  Rice  University,  Physics  Depart¬ 
ment,  Houston,  TX;  R.F.  Kiefl,  TRIUMF  and 
University  of  British  Columbia,  Vancouver, 
Canada;  J.W.  Schneider,  Universitat  Ziirich, 
Zurich,  Switzerland;  and  C.  Schwab,  CRN, 
Strasbourg,  France. 

2:00  G7.2 

ELECTRONIC  STRUCTURE  AND  HYPERFINE  PARA¬ 
METERS  FOR  HYDROGEN  AND  MUONIUM  IN  SILICON, 
Chris  G.  Van  de  Walle.  Philips  Laboratories, 
Briarcliff  Manor,  NY. 


4:30  SS.,3. 

REASSESSMENT  OF  ACCEPTOR  PASSIVATION  MECHAN¬ 
ISM  IN  p-TYPE  HYDROGENATED  GaAs,  I . 
Szafranek  and  G.E.  Stillman,  University  of 
Illinois  at  Urbana-Champaign,  Department  of 
Materials  Science  and  Engineering,  Center 
for  compound  Semiconductor  Microelectronics, 
Materials  Research  Laboratory  and  Coor¬ 
dinated  Science  Laboratory,  Urbana,  IL. 

4:45  S8..4 

HYDROGEN  PASSIVATION  OF  INTERFACIAL  DEFECTS 
IN  MOCVD  GROWN  GaAs/lnP,  V.  Swaminathan , 
U.K.  Chakrabarti,  W.S.  Hobson,  R.  Caruso,  J. 
Lopata  and  S.J.  Pearton,  AT&T  Bell  Labora¬ 
tories,  Murray  Hill,  NJ. 
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5:00  G8.5 

PASSIVATION  OP  Zn  ACCEPTORS  IN  InGaAs  DURING 
RIE  WITH  CHF3/H2  AND  CH4/H2,  Martin  Mohrle, 
Heinrich-Hertz-Institut ,  Berlin,  West  Ger¬ 
many. 

SESSION  G9 :  COMPOUND  SEMICONDUCTORS 
POSTER  SESSION 

Chairs:  D.  J.  Wolford  and  E.  E.  Haller 

Tuesday  Evening,  November  28,  1989 
7:00  p.m.  -  10:00  p.m. 

America  Ballroom  (W) 

G9.1  OPTICAL  ABSORPTION  OF  DEEP  DEFECTS 

IN  NEUTRON  IRRADIATED  SEMI-INSULATING  GaAs , 
M.o.  Manasreh,  U.s.  Air  Force,  WRDC/MLPO, 
Wright-Patterson  AFB ,  OH;  and  P.J.  Pearah. 
Spectrum  Technology  Inc.,  Hollison,  MA. 

G9.2  RECOVERY  FROM  THE  METASTABLE  EL2 
DEFECT  IN  GaAs  UNDER  MONOCHROMATIC  LIGHT 
ILLUMINATION,  M.O.  Manasreh  and  D.W. 
Fischer,  U.S.  Air  Force,  WRDC/MLPO,  Wright- 
Patterson  AFB,  OH. 

G9.3  EL-2  DEFECT  FORMATION  AND  CARBON 

INCORPORATION  IN  GaAs  GROWN  BY  ORGANO- 
METALLI C  VAPOR  PHASE  EPITAXY,  R . 
Venkatasubramanian .  Research  Triangle  Park, 
NC;  J.M.  Borrego  and  S.K.  Ghandhi,  Rens¬ 
selaer  Polytechnic  Institute,  Troy,  NY. 

G9.4  DX-CENTER  IN  Se-DOPED  AlxGa^xAs, 

Thomas  Hanak .  University  of  Denver,  Depart¬ 
ment  of  Physics,  Denver,  CO;  Ass em  Bakry, 
Richard  K.  Ahrenkiel,  Solar  Energy  Research 
Institute,  Golden,  CO;  and  Michael  L. 
Timmons,  Research  Triangle  Institute, 
Research  Triangle  Park,  NC. 

G9.5  A  MODEL  OF  Si  DIFFUSION  IN  GaAs 

BASED  ON  THE  FERMI-LEVEL  EFFECT,  Shaofena 
Yu .  Ulrich  M.  Gosele  and  Teh  Y.  Tan,  Duke 
University,  Department  of  Mechanical  En¬ 
gineering  and  Materials  Science,  Durham,  NC. 

G9.6  BURIED  AMORPHOUS  LAYERS  IN  GALLIUM 

ARSENIDE,  Dipankar  Senoupta,  Mark  C. 
Ridgway,  John  M.  Zemanski  and  Steven  T. 
Johnson,  Royal  Melbourne  Institute  of  Tech¬ 
nology,  Microelectronics  and  Materials 
Technology  Centre,  Melbourne,  Australia. 

G9.7  NEW  GERMANIUM-RELATED  DONOR  IN 

NEUTRON-IRRADIATED  GALLIUM  PHOSPHIDE,  J. 
Barczynska  and  E.  Goldvs .  Warsaw  University, 
Institute  of  Experimental  Physics,  Warsaw, 
Poland. 

G9.8  DIFFUSION  OF  Ga  VACANCIES  AND  Si  IN 

GaAs,  K.B.  Kahen.  D.J.  Lawrence,  D.L. 
Peterson  and  G.  Rajeswaran,  Eastman  Kodak 
Company,  Corporate  Research  Laboratories, 
Rochester,  NY. 


G9.9  MECHANISM  FOR  THE  DIFFUSION  OF  Zn 
IN  GaAs,  K.B.  Kahen,  Eastman  Kodak  Company, 
Corporate  Research  Laboratories,  Rochester, 
NY. 

G9.10  DEFECTS  IN  THE  NEAR-SURFACE  REGION 
OF  2.5  MeV160+  IMPLANTED  n-GaAs,  C.C.  Tin 
and  P. A.  Barnes,  Auburn  University,  Depart¬ 
ment  of  Physics,  Auburn,  AL;  T.T.  Bardin  and 
J.G.  Pronko,  Lockheed  Research  and  Develop¬ 
ment  Division,  D91-10,  B203,  Palo  Alto,  CA. 

G9.ll  DEEP  LEVEL  LUMINESCENCE  IN  InP: 
PHONON  FEATURE  ANALYSIS,  S.  Baneriee.  A.K. 
Srivastava  and  B.M.  Arora,  Tata  Institute  of 
Fundamental  Research,  Bombay,  India. 

G9.12  OPTICAL  ABSORPTION  AND  PHC"0LUMI- 
NESCENCE  FROM  LOCALIZED  STATES  IN  tiEAVILY 
DOPED  InGaAsP:Ge ,  R.  Raialakshmi  and  B.M. 
Arora,  Tata  Institute  of  Fundamental 
Research,  Bombay,  India. 

G9.13  VOID  FORMATION  AND  THE  CORRELATION 
WITH  THE  REDUCTION  OF  CARRIER  CONCENTRATION 
IN  Si-IMPLANTED  GaAs,  Kei-Yu  Ko .  Samuel 
Chen,.  S.-Tong  Lee,  Longru  Zheng,  Eastman 
Kodak  Company,  Corporate  Research  Labora¬ 
tories,  Rochester,  NY;  and  T.Y.  Tan,  Duke 
University,  Department  of  Mechanical  En¬ 
gineering  and  Materials  Science,  Durham,  NC 
and  Microelectronics  Center  of  North  Caro¬ 
lina,  Research  Triangle  Park,  NC. 

G9.14  DISORDER  INDUCED  BAND  TAILING 
EFFECTS  ON  DEEP  LEVELS  IN  SEMICONDUCTORS, 
A.  A.  Teate  and  N.C.  Haider,  University  of 
South  Florida,  Department  of  Physics,  Tampa, 
FL. 

G9.15  SURFACE  AND  INTERFACE  DAMAGE  CHARA¬ 
CTERIZATION  OF  REACTIVE  ION  ETCHED  MBE 
REGROWN  GaAs,  M.W.  Cole.  M.  Dutta,  U.S.  Army 
Electronics  Technology  and  Devices  Labora¬ 
tory,  Department  of  Elect.  Materials  Branch, 
Ft.  Monmouth,  NJ;  J.  Rossabi ,  Institution 
Quest  Tech,  Inc.  Eatontown,  NJ;  Doran  D. 
Smith,  U.S.  Army  Electronics  Technology  and 
Devices  Laboratory,  Department  of  Elect. 
Materials  Branch,  Ft.  Monmouth,  NJ;  J.L. 
Lehman,  Institution  JEOL  USA  Inc.,  Depart¬ 
ment  Applications,  Peabody,  MA. 

G9.16  DIFFUSION  OF  ION-IMPLANTED  TIN  IN 
GALLIUM  ARSENIDE,  E.L.  Allen.  Stanford 
University,  Department  of  Materials  Science 
and  Engineering,  Stanford,  CA;  M.D.  Deal  and 
J.D.  Plummer,  Stanford  University,  In¬ 
tegrated  Circuits  Laboratory,  Stanford,  CA. 
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G9.17  Pd/Au : Be  OHMIC  CONTACTS  TO  p-TYPE 
GaAs,  K.M.  Schmitz,  K.  Jiao,  R.  Sharma  and 
W . A .  Anderson.  State  University  of  New  York 
at  Buffalo,  Center  for  Electronic  and  Elec¬ 
tro-optic  Materials,  Department  of  Electri¬ 
cal  and  Computer  Engineering,  Buffalo,  NY; 
G.  Rajeswaran  and  L.R.  Zheng,  Eastman  Kodak 
Company,  Corporate  Research  Laboratories, 
Rochester,  NY?  M.W.  Cole,  U.S.  Army  Elec¬ 
tronics  Technology  and  Devices  Laboratory, 
Fort  Monmouth,  NJ. 

G9 ■  la  VOID  FORMATION,  ELECTRICAL  ACTIVA¬ 
TION  AND  LAYER  INTERMIXING  IN  Si-IMPLANTED 
GaAs/AlGaAs  SUPERLATTICES,  S . -Tong  Lee . 
Samuel  Chen,  Kei-Yu  Ko,  Mary  L.  ott,  G. 
Braunstein,  Eastman  Kodak  Company,  Corporate 
Research  Laboratories,  Rochester,  NY;  and 
T.Y.  Tan,  Duke  University,  Department  of 
Mechanical  Engineering  and  Materials  Sci¬ 
ences,  Durham,  NC  and  Microelectronics 
Center  of  North  Carolina,  Research  Triangle 
Park,  NC. 

G9.19  REDUCTION  OF  DX  CENTER  CONCENTRA¬ 
TION  IN  Sn-DOPED  AlGaAs  GROWN  BY  LPE  AND  ITS 
MEANING,  In  Duk  Hwano  and  sin  Chong  Park, 
Electronics  and  Telecommunications  Research 
Institute,  Basic  Research  Department, 
Da jeon,  Korea. 

G9-20  HOT-CARRIER  EFFECTS  ON  OPTICAL 
PROPERTIES  OF  GaAs/AlxGai_xAs  QUANTUM  WELLS, 
W . M .  Chen .  B.  Monemar  and  P.0.  Holtz,  Link- 
oping  University,  Department  of  Physics  and 
Measurement  Technology,  Linkbping,  Sweden; 
M.  Sundaram,  J.L.  Merz  and  A.C.  Gossard, 
University  of  California,  Santa  Barbara, 
Department  of  Electrical  and  Computer  En¬ 
gineering,  Santa  Barbara,  CA. 

G9.21  THE  NATURE  OF  NATIVE  DEFECTS  IN  LEC 
GROWN  SEMI-INSULATING  GaAs  BY  THERMALLY 
STIMULATED  CURRENT  SPECTROSCOPY,  Zhaogiang 
Fang .  Lei  Shen,  T.E.  Schlesinger  and  A.G. 
Milnes,  Carnegie  Mellon  University,  Depart¬ 
ment  of  Electrical  and  Computer  Engineering, 
Pittsburgh,  PA. 

G9.22  PRESSURE  EFFECTS  ON  DEEP  LEVELS  IN 

SEMICONDUCTORS,  Ken-lchi _ Takarabe.  Shigeru 

Minomura,  Okayama  University  of  Science, 
Department  of  Physics,  Okayama,  Japan; 
Masahiko  Kusaka,  Okayama  University,  Depart¬ 
ment  of  Physics,  Okayama,  Japan;  Koichiro 
Matsuda,  Horiba  Ltd.,  1st  R&D  Department, 
Kyoto,  Japan. 

G9.23  IMPROVED  HOLE  DIFFUSION  LENGTHS  IN 
BULK  n-TYPE  GaAs  FOR  HIGH  EFFICIENCY  SOLAR 
CELLS,  D.  Wong.  T.E.  Schlesinger  and  A.G. 
Milnes,  Carnegie  Mellon  University,  Depart¬ 
ment  of  Electrical  and  Computer  Engineering, 
Pittsburgh,  PA. 


G9.24  THE  STUDY  OF  CONTAMINATION  OF 
CARBON,  BORON,  AND  OXYGEN  IN  LEC-GAAS, 
Yoshiko  Itoh.  The  Institute  of  Physical  and 
Chemical  Research,  Saitama,  Japan;  Yoshinori 
Kadota,  Sumitomo  Metal  Mining  Company,  Ltd., 
Hokkai-doh,  Japan;  Hiroto  Fukushima,  Japan 
Analysis  Center,  Chiba,  Japan;  and  Mikio 
Takai,  Osaka  University,  Engineering  Depart¬ 
ment,  Osaka,  Japan. 

G9.25  THE  ROLE  OF  CHARGED  POINT  DEFECTS 
ON  THE  DIFFUSION  BEHAVIOR  OF  SILICON  IN 
GaAs,  Jeff  J.  Murray.  David  A.  Stevenson, 
Stanford  University,  Department  of  Materials 
Science  and  Engineering,  Stanford,  CA;  and 
Michael  D.  Deal,  Stanford  University,  center 
for  Integrated  Systems,  Department  of  Elec¬ 
trical  Engineering,  Stanford,  CA. 

G9.26  MAGNETICALLY  STABILIZED  KYROPOULOS 
GROWTH  OF  InP,  Steven  Bachowski .  Brian  s. 
Ahern,  Robert  M.  Hilton,  Joseph  A.  Adamski, 
Rome  Air  Development  Center,  Hanscom  AFB, 
MA. 

G9.27  TEMPERATURE  DEPENDENCE  OF  SCATTERED 
LIGHT  INTENSITY  BY  PRECIPITATES  ALONG  DIS¬ 
LOCATIONS  IN  AN  In  DOPED  LEC  GaAs  CRYSTAL, 
Kazufumi  Sakai  and  Tomoya  Ogawa,  Gakushuin 
University,  Department  of  Physics,  Tokyo, 
Japan. 

G9.28  X-ALPHA  CALCULATIONS  OF  Sn  DOPING 
IN  GaAs,  D.M.  Union  and  M.  Wilner,  Univer¬ 
sity  of  Lowell,  Physics  Department,  Lowell, 
MA. 

G9.29  BERYLLIUM  DOPING  IN  MBE  GROWN  GaAs 
AND  AlGaAs,  Joseph  Pellegrino.  National 
Institute  of  Standards  and  Technology, 
Gaithersburg,  MD;  James  Griffin  and  Micheal 
Spencer,  Howard  University,  MSRCE,  Washing¬ 
ton,  DC. 

G9.30  ANOMALOUS  LUMINESCENCE  PROPERTIES 

OF  GaAs  GROWN  BY  MOLECULAR  BEAM  EPITAXY, 
Szafranek,  University  of  Illinois  at  Ur- 
bana-Champaign ,  Department  of  Materials 
Science  and  Engineering,  Coordinated  Science 
Laboratory,  Urbana,  IL?  M.  A.  Plano,  M.J. 
McCollum,  S.L.  Jackson,  K.-Y.  Cheng,  and 
G.E.  Stillman,  University  of  Illinois  at 
Urbana-Champaign ,  Department  of  Electrical 
and  Computer  Engineering,  Urbana,  IL. 

G9.31  POOLE- FRENKEL  EFFECT  ON  THE  DX 
CENTERS  IN  III-V  TERNARY  ALLOYS,  H. 
Altelarrea,  J.  Bosch,  A.  Pdrez.  J.  Samitier, 
and  J.R.  Morante,  Universitat  de  Barcelona, 
Department  de  Fisica  Aplicada  i  Electrdnica, 
Barcelona,  Spain. 
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G9.32  DEEP-LEVEL  DOMINATED  CURRENT-VOL¬ 
TAGE  CHARACTERISTICS  OF  NOVEL  AND  IMPORTANT 
SEMICONDUCTOR  HETEROSTRUCTURES,  K.  Das. 
North  Carolina  State  University,  Department 
of  Materials  Science  and  Engineering, 
Raleigh,  NC. 

G9.33  MOBILITY-LIFETIME  PRODUCT  OF  PHOTO- 
EXCITED  ELECTRONS  IN  GaAs:  THE  ROLE  OF  EL2 , 
Georoe  C.  Valley.  University  Paris  XI, 
Institut  d'Optique,  Paris,  France,  and 
Hughes  Research  Laboratories,  Malibu,  CA; 

H. J.  Von  Bardeleben,  Centre  National  de  la 
Recherche  Scientif igue ,  Groupe  de  Physique 
des  Solides  de  l'Ecole  Normale  Superieure, 
Paris,  France. 

G9.34  OPTICAL  CHARGE  TRANSFER  PROCESSES 
IN  SEMI-INSULATING  GaAs ,  E.  Christoff el,  T. 
Benchiguer,  A.  Goltzene,  and  C.  Schwab. 
Universite  Louis  Pasteur,  CRN,  Groupe 
Recherches  Physiques  et  Materiaux,  Stras¬ 
bourg,  France;  K.  Chino  and  K.  Satoh, 
Sumitomo  Metal  Mining  Company,  Ltd.,  Tokyo, 
Japan;  P.  Bunod  and  E.  Molva,  IRDI-CEA,  CENG 
Department,  Division  d 'Electronique  de 
Technologie  et  d' Instrumentation,  Grenoble, 
France . 

G9.35  COMPARATIVE  OPTICAL  STUDIES  OF  Cu, 
Mn,  AND  C  IMPURITIES  IN  BULK  LEC  GROWN  GaAs 
BY  ELECTRON  BEAM  ELECTROREFLECTANCE  ( EBER ) 
AND  PHOTOLUMINESCENCE  (PL),  M.H.  Herman  and 

I. D.  Ward,  Charles  Evans  and  Associates, 
Redwood  City,  CA;  and  P.J.  Pearah,  Spectrum 
Technology,  Holliston,  MA. 

G9.36  CORRELATION  OF  FREE  CARRIER  CON¬ 
CENTRATION  MEASUREMENTS  IN  GaAs  BY  NON- 
CONTACT  OPTICAL  ELECTRON  BEAM  ELECTROREFLEC¬ 
TANCE  (EBER)  AND  PHOTOREFLECTANCE  (PR)  TO 
ELECTRICAL  HALL  EFFECT,  D.K.  Gaskill .  N. 
Bottka,  and  R.S.  Sillmon,  Naval  Research 
Laboratory,  Washington,  DC;  M.H.  Herman  and 
I.D.  Ward,  Charles  Evans  and  Associates, 
Redwood  City,  CA;  and  C.L.  Reynolds,  AT&T 
Bell  Laboratories,  Reading,  PA. 

G9.37  Ge  RELATED  DEEP  LEVEL  LUMINESCENCE 
IN  InGaAs  LATTICE  MATCHED  TO  InP,  S.S. 
Chandvankar,  A.K.  Srivastava.  B.M.  Arora, 
and  D.K.  Sharma,  Tata  Institute  of  Fundamen¬ 
tal  Research,  Bombay,  India. 

G9.38  CARBON  DOPING  IN  InGaAs  GROWN  BY 
MBE,  Hiroshi  Ito  and  Tadao  Ishibashi,  NTT, 
LSI  Laboratories,  Kanagawa,  Japan. 

G9.39  SURFACE  STRUCTURE  OF  SULFUR  COATED 
GaAs,  Yoshihisa  Fuiisaki  and  Shigeo  Goto, 
Hitachi  Ltd.,  Central  Research  Laboratory, 
Tokyo,  Japan. 


G9.40  ELECTRICAL  AND  PHOTOLUMINESCENCE 
PROPERTIES  OF  Mg+  AND  C+  IMPLANTED  ACCEPTORS 
IN  InP,  A.C.  Beve .  A.  Yamada,  A.  Shimizu,  H. 
Shibata,  H.  Tanoue,  K.M.  Mayer,  H.  Sugiyama, 
K.  Kamijoh,  T.  Oda,  0.  Arriga  and  Y.  Makita, 
Electrotechnical  Laboratory,  Ibaraki,  Japan. 

G9.41  QUALITATIVE  PHYSICS  OF  DEEP  LEVELS 
IN  HETEROSTRUCTURES,  Harold  P.  Hialmarson. 
I.J.  Fritz,  J.F.  Klem  and  T.M.  Brennan, 
Sandia  National  Laboratories,  Albuquerque, 
NM. 

G9.42  Ge  TRANSPORT  AND  EPITAXY  IN  THE 
AMORPHOUS-Ge/Pd2Si/(lll)  Si  SYSTEM,  O.Z. 
Hone.  J.G.  Zhu  and  J.W.  Mayer,  Cornell 
University,  Department  of  Materials  Science 
and  Engineering,  Ithaca,  NY. 

G9.43  ELECTRICAL  AND  MATERIAL  CHARAC¬ 
TERIZATION  OF  THE  STABILITY  OF  ALGAAS  AND 
INGAAS  PLANAR  DOPED  STRUCTURES,  Larrv  P. 
Sadwick .  University  of  Utah,  Department  of 
Electrical  Engineering,  Salt  Lake  City,  UT; 
and  Dwight  C.  Streit,  TRW  Electronic  Systems 
Group,  Redondo  Beach,  CA. 

G9.44  NON-LINEAR  DIFFUSION  IN  HgCdTe/CdTe 
MULTILAYERS,  Y.  Kim.  A.  Ourmazd,  R.D. 
Feldman  and  J.A.  Rentschler,  AT&T  Bell 
Laboratories,  Holmdel,  NJ. 

G9.45  CHARACTERIZATION  OF  RAMAN  SCATTER¬ 
ING  SPECTRA  IN  AlGaP  TERNARY  ALLOYS,  Devki 
N.  Talwar.  and  T.D.  Fang,  Indiana  University 
of  Pennsylvania,  Department  of  Physics,  In¬ 
diana,  PA;  and  M.  Vandevyver,  CEA-CEN  de 
Saclay,  Gif-sur-Yvette,  France. 

G9.46  ELECTRONIC  STRUCTURE  OF  Li-IMPURI- 
TIES  IN  ZnSe,  Tamio  Oauchi .  Taizo  Sasaki, 
National  Research  Institute  for  Metals, 
Tokyo,  Japan;  and  Hiroshi  Katayama-Yoshida , 
Tohoku  University,  Department  of  Physics, 
Sendai,  Japan. 

G9.47  THE  DEEP  0.11  eV  MANGANESE  ACCEPTOR 
LEVEL  IN  GaAs,  M.  Kleverman,  University  of 
Lund,  Department  of  Solid  State  Physics, 
Lund,  Sweden;  E.  Janzen.  M.  Linnarsson  and 
B.  Monemar,  Linkoping  University,  Department 
of  Physics  and  Measurement  Technology, 
Linkoping,  Sweden. 

G9.48  IDENTIFICATION  OF  SURFACE-RELATED 
ELECTRON  TRAPS  IN  UNDOPED  GaAs  BY  DEEP  LEVEL 
TRANSIENT  SPECTROSCOPY,  K.C.  Shin  and  I.S. 
Park .  Goldstar  Cable  Research  Laboratory, 
Semiconductor  Department,  Kyungki,  Korea. 
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G9.49  PHOTOLUMINESCENCE  STUDIES  OF  IM¬ 
PURITIES  AND  DEFECTS  IN  MERCURIC  IODIDE, 
x . J .  Bao .  T.E.  Schlesinger,  Carnegie  Mellon 
University,  Department  of  Electrical  and 
Computer  Engineering,  Pittsburgh,  PA;  R.B. 
James,  Sandia  National  Laboratories,  Liver¬ 
more,  CA?  A.Y.  Cheng  and  C.  Ortale,  EG&G 
Energy  Measurements,  Goleta,  CA. 

G9.50  TRANSIENT  CURRENT  AND  TRANSIENT 
CAPACITANCE  MEASUREMENTS  OF  DEFECTS  IN 
AlGaAs  MODFETS,  R.  Maano  and  R.  Shelby, 
Naval  Research  Laboratory,  Washington,  DC. 

G9.51  ELECTRONIC  AND  OPTICAL  PROPERTIES 
OF  DEEP  DONORS  IN  HYDROGENATED  AlxGa1_xAs 
DOPED  WITH  SILICON,  R.  Moustef aoni .  R. 
Legros,  J.  Chevallier,  LPSB,  CNRS,  Meudon, 
France;  C.W.  Tu  and  R.F.  Kopt,  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ. 

G9.52  LUMINESCENCE  DUE  TO  Mn  DOPPED  GaP, 
Teresa  Monteiro  and  Estela  Pereira.  Univer- 
sidade  de  Aveiro,  Departamento  de  Fisica, 
Ave i ro ,  Portuga 1 . 

G9.53  ZEEMAN  STUDY  OF  THE  1.040  eV  PHOTO¬ 
LUMINESCENCE  BAND  IN  CU  DOPED  SILICON,  K.G. 
McGuigan ,  M.O.  Henry,  School  of  Physical 
Sciences,  National  Institute  for  Higher 
Education,  Dublin,  Ireland;  M.H.  Nazare . 
Universidade  de  Aveiro,  Departamento  de 
Fisica,  Aveiro,  Portugal;  and  E.C. 
Lightowlers ,  King's  College,  Department  of 
Physics,  London,  United  Kingdom. 

SESSION  G10 : _ DIFFUSION  IK  Sj 

Chair:  J.  Bernholc 
Wednesday  Morning,  November  29 
Salon  F  (M) 

8:00  *G10 . 1 

ATOMIC  DIFFUSION  AND  DEFECT  REACTIONS  IN 
SILICON,  Sokrates  T.  Pantelides.  IBM  T.J. 
Watson  Research  Center,  Yorktown  Heights, 
NY. 

8:30  G10.2 

PRESSURE  AND  STRAIN  EFFECTS  ON  DIFFUSION, 
Antonelli  and  J.  Bernholc,  North  Carolina 
State  University,  Department  of  Physics, 
Raleigh,  NC. 

8:45  gift, 3 

LOW-TEMPERATURE  DIFFUSION  OF  DOPANTS  IN 
SILICON,  P .  Fahey  and  M.  Wittmer,  IBM  T.J. 
Watson  Research  Ctr. ,  Yorktown  Heights,  NY. 

9:00  G1P,4 

DETERMINATION  OF  THE  FRACTIONAL  INTER- 
STITIALCY  COMPONENT  OF  DIFFUSION  FOR  AR¬ 
SENIC,  M.  Heinrich.  M.  Budil,  H.W.  Pdtzl, 
TU-Wien,  Wien,  Austria. 


9:15  G10.5 

MEASUREMENTS  OF  ENHANCED  AND  RETARDED  DIF¬ 
FUSION  OF  BURIED  LAYERS  IN  SILICON  MEMBRANE 
STRUCTURES  DURING  OXIDATION,  Scott  T. 

Dunham,  Anuradha  M. _ Agarwal ,  and  Nanseng 

Jeng,  Boston  University,  Electrical,  Com¬ 
puter  and  Systems  Engineering,  Boston,  MA. 

9:30  G10.6 

MIGRATIONS  OF  INTERSTITIAL  ATOMS  IN  SEMICON¬ 
DUCTORS,  T.  Wada .  A.  Takeda  and  M.  Ichimura, 
Nagoya  Institute  of  Technology,  Department 
of  Electrical  and  Computer  Engineering, 
Nagoya,  Japan;  M.  Takeda,  Government  In¬ 
dustrial  Research  Institute,  Nagoya,  Japan. 

9:45  BREAK 

SESSION  Gil: _ DIFFUSION.. IK. Si 

Chair:  J.  Bernholc 
Wednesday  Morning,  November  29 
Salon  F  (M) 

10:15  Gll.l 

MEASUREMENTS  OF  ENHANCED  OXYGEN  DIFFUSION  IN 
SILICON  DURING  THERMAL  DONOR  FORMATION:  NEW 
EVIDENCE  FOR  POSSIBLE  MECHANISMS,  A.R. 
Brown,  R.  Murray,  R.C.  Newman  and  J.H. 
Tucker,  Imperial  College  of  Science,  The 
Blackett  Laboratory,  Interdisciplinary 
Research  Centre  Semiconductor  Materials, 
London,  United  Kingdom. 

10:30  Gil. 2 

A  STEADY-STATE  MODEL  FOR  COUPLED  DEFECT- 
IMPURITY  diffusion  in  silicon,  F.F,  Morehead 
and  R.F.  Lever,  IBM  East  Fishkill  Facility, 
Hopewell  Junction,  NY. 

10:45  Gil. 3 

HIGH  AND  LOW  TEMPERATURE  MEASUREMENTS  OF  THE 
CHROMIUM  DIFFUSIVITY  IN  SILICON,  J.  Zhu  and 
D.  Barbier.  Institut  National  des  Sciences 
Appliqu6es  de  Lyon,  Laboratoire  de  Physique 
de  la  Katiere,  Villeurbanne ,  France. 

11:00  GIU4 

THE  FORMATION  OF  SILICON-RICH  SILICIDES, 
Maria  Ronav.  IBM  T.J.  Watson  Research  Cen¬ 
ter,  Yorktown  Heights,  NY. 

11:15  G11.5 

PRECIPITATION  OF  COPPER  AND  COBALT  AT  GRAIN 
BOUNDARIES  IN  SILICON,  U.  Jendrich,  H.J. 
Mbller .  Case  Western  Reserve  University, 
Department  of  Materials  Science  and  En¬ 
gineering,  Cleveland,  OH;  and  T.  Tiitken, 
University  of  Gbttingen,  IV.  Physical  In¬ 
stitute,  G6ttingen,  West  Germany. 
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3:15 


BREAK 


11:30  Gll-6 

ANNEALING  OF  ION  IMPLANTED  TIN  IN  SILICON:  A 
RBS/CHANNELING ,  MOSSBAUER  SPECTROSCOPY  AND 
TEM  INVESTIGATION  OF  SOLUBILITY  AND  RESIDUAL 
DEFECTS,  P.  Krinahcii.  A.  Nylandsted  Larsen, 
and  J.W.  Petersen,  University  of  Aarhus, 
Institute  of  Physics,  Aarhus  C,  Denmark. 

11:45  G.n.,7 

EXTREME  SUPERSATURATION  OF  OXYGEN  IN  LOW- 
TEMPERATURE  EPITAXIAL  SILICON  AND  SILICON- 
GERMANIUM  ALLOYS,  p.v.  Schwartz.  J.C.  Sturm, 
and  P.M.  Garone,  Princeton  University, 
Department  of  Electrical  Engineering, 
Princeton,  NJ;  S.A.  Schwarz,  Bellcore,  Red 
Bank,  NJ. 

SESSION  G12: _ DIFFUSION  IN  COMPOUNDS 

Chair:  L.  C.  Kimerling 

Wednesday  Afternoon,  November  29 
Salon  F  (M) 

1:30  «G12.1 

DIFFUSION  IN  INHOMOGENEOUS  SYSTEMS,  STUDIED 
AT  NEAR- ATOMIC  RESOLUTION,  A.  Ourmazd .  J. 
Cunningham,  Y.  Kim  and  M.  Bode,  AT&T  Bell 
Laboratories,  Holmdel,  NJ. 

2:00  G12.2 

GROWTH  OF  GaAs  ON  Ge  SUBSTRATES  BY  ATOMIC 
LAYER  EPITAXY,  J.  Ramdani .  B.T.  McDermott, 
N.  El-Masry,  and  S.M.  Bedair,  North  Carolina 
State  University,  Electrical  and  Computer 
Engineering  Department,  Raleigh,  NC. 

2:15  Gi2 . 3 

EXTREMELY  RAPID  SN  DIFFUSION  IN  GAAS  AND 

( AL ,  GA )  AS ,  LL _ Kuech,  M.  Goorsky,  F. 

Cardone,  G.  Scilla  and  R.  Potemski ,  IBM  T.J. 
Watson  Research  Center,  Yorktown  Heights, 
NY. 

2:30  G12.4 

DIFFUSION  OF  ION  IMPLANTED  MAGNESIUM  AND 
BERYLLIUM  IN  GALLIUM  ARSENIDE,  He vward  G  - 
Robinson.  Michael  D.  Deal  and  David  A. 
Stevenson,  Stanford  University,  Department 
of  Materials  Science  and  Engineering,  Stan¬ 
ford,  CA. 

2:45  G12.5 

DEFECT  FORMATION  DURING  Zn  DIFFUSION  INTO 
GaAs,  M .  Luysberg ,  w.  JSger,  and  K.  Urban, 
KFA  Julich,  Institut  fur  Festkdrperfor- 
schung.  West  Germany;  M.  Perret,  N. 
Stolwijk,  and  H.  Mehrer,  Universitat  Mtins- 
ter,  Institut  ftir  Metallf orschung,  Miinster, 
W.  Germany. 

3:00  G12.6 

ROOM-TEMPERATURE  DIFFUSION  OF  Mn  IN  CdTe  AND 
THE  FORMATION  OF  Cd1_xMnXTe'  A.  Wall,  A. 
Raisanen,  G.  Haugstad  and  A.  Franc i os i . 
University  of  Minnesota,  Department  of 
Chemical  Engineering  and  Material  Science, 
Minneapolis,  MN. 


SESSION  G13  : _ ORDERING  IN  ALLOYS 

Chair:  K.  E.  Newman 

Wednesday  Afternoon,  November  29 
Salon  F  (M) 

3:45  *G13 . 1 

ORDERING  IN  III/V  ALLOYS,  G.B.  Str inaf el 1 ow , 
University  of  Utah,  College  of  Engineering, 
Salt  Lake  City,  Utah. 

4:15  011*2. 

COMPARISON  OF  ORDERED  AND  MODULATED  STRUC¬ 
TURES  IN  InGaP  ALLOY  SEMICONDUCTORS  GROWN  BY 
MOCVD ,  CHLORIDE-VPE  AND  LPE  METHODS,  Q*. 
Ueda .  M.  Hoshino,  M.  Takechi,  and  M.  Ozeki, 
Fujitsu  Laboratories  Ltd.,  Atsugi,  Japan; 
T.  Kato  and  T.  Matsumoto,  Yamanashi  Univer¬ 
sity,  Engineering  Department,  Kofu,  Japan. 

4:30  011*1 

ATOMIC  ORDERING  AND  ALLOY  CLUSTERING  IN  MBE- 
GROWN  InASySb-^y  EPILAYERS,  T.Y.  Seona .  A.G. 
Norman,  G.k.  Booker,  University  of  Oxford, 
Department  of  Metallurgy  and  Science  of 
Materials,  Oxford,  United  Kingdom;  R. 
Droopad,  R.L.  Williams,  S.D.  Parker,  P.D. 
Wang  and  R.A.  Stradling,  Imperial  College  of 
Science,  Technology  and  Medicine,  Department 
of  Physics,  London,  United  Kingdom. 

SESSION  014.: _ SUP.ERLATTICEg  - 

ELECTRONIC  STRUCTURE 
Chair:  K.  K.  Bajaj 

Thursday  Morning,  November  30 
Salon  F  (M) 

8:00  *G1.4  f  1 

LIGHT-  AND  HEAVY-HOLE  BOUND  EXCITON  TRANSI¬ 
TIONS  AND  FREE  TO  BOUND  TRANSITIONS  IN 
GaxAli_xAs/GaAs  QUANTUM  WELLS,  Donald  C. 
Reynolds .  Wright  Research  and  Development 
Center,  Electronic  Technology  Laboratory, 
Wright-Patterson  AFB,  OH;  and  Krishan  K. 
Bajaj,  Arizona  State  University,  Tempe,  AZ. 

8:30  G14.2 

DECAY  MEASUREMENTS  ON  FREE  AND  BOUND  EXCITON 
RECOMBINATION  IN  DOPED  GaAs/AlGaAs  QUANTUM 
WELLS,  P.  Bergman.  P.O.  Holtz,  B.  Monemar, 
Linkdping  University,  Department  of  Physics 
and  Measurement  Technology,  Linkdping, 
Sweden;  M.  Sundaram,  J.L.  Merz  and  A.C. 
Gossard,  University  of  California  at  Santa 
Barbara,  Department  of  Electrical  and  Com¬ 
puter  Engineering,  Santa  Barbara,  CA. 
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8:45  G14.3 

EFFECTS  OF  CONFINEMENT  ON  THE  OPTICAL  PROP¬ 
ERTIES  OF  A  SHALLOW  ACCEPTOR  AND  ITS  BOUND 
EXCITON  IN  GaAs/AlGaAs  QUANTUM  WELLS,  P.O. 
Holt2 ,  Linkoping  University,  Department  of 
Physics  and  Measurement  Technology,  Linkop- 
ing,  Sweden  and  University  of  California, 
Santa  Barbara,  Department  of  Electrical  and 
Computer  Engineering,  Santa  Barbara,  CA;  M. 
Sundaram,  J.L.  Merz  and  A.  C.  Gossard, 
University  of  California,  Santa  Barbara, 
Department  of  Electrical  and  Computer  En¬ 
gineering,  Santa  Barbara,  CA. 

9:00  G14.4 

OPTICAL  SPECTROSCOPY  OF  2D  ELECTRONS  CON¬ 
FINED  AT  A  GaAs/AlGaAs  HETEROINTERFACE  IN  A 
TRANSVERSE  ELECTRIC  FIELD,  O.X.  Zhao.  P. 
Bergman,  B.  Monemar,  Linkoping  University, 
Physics  and  Measurement  Technology,  Link¬ 
oping,  Sweden;  P.-O.  Holtz,  Linkoping  Uni¬ 
versity,  Physics  &  Measurement  Technology, 
Linkdping,  Sweden  and  University  of  Califor¬ 
nia,  Santa  Barbara,  Electrical  &  Computer 
Engineering,  Santa  Barbara,  CA;  C.  Hallin, 
Linkoping  University,  Physics  &  Measurement 
Technology,  Linkoping,  Sweden;  M.  Sundaram, 
J.L.  Merz  and  A.C.  Gossard,  University  of 
California,  Santa  Barbara,  Electrical  &  Com¬ 
puter  Engineering,  Santa  Barbara,  CA. 

9:35  G14.5 

DEFECT  INDUCED  LUMINESCENCE  FROM  MBE  PRE¬ 
PARED  Si/Si^xGejj  SUPERLATTICES,  G  .  A . 
Northrop,  S.S.  Iyer,  and  D.J.  Wolford.  IBM 
T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY. 

9:30  *G14j.6 

SHALLOW-DEEP  TRANSITIONS  AND  DEEP  LEVELS  IN 
SUP ERIATT ICES ,  John  D.  Dow.  S.Y.  Ren,  J. 
Shen,  R.-D.  Hong,  D.A.  Drabold,  O.F.  Sankey, 
M.-H.  Tsai,  S.  Klemm  and  P.A.  Fedders, 
University  of  Notre  Dame,  Department  of 
Physics,  Notre  Dame,  IN. 

10:00  BREAK 

SESSIQN-S15J _ PX  CENTERS  I 

Chair:  H.  P.  Hjalmarson 

Thursday  Morning,  November  30 
Salon  F  (M) 

10:30  *G15U 

THE  DX  CENTER:  EVIDENCE  FOR  CHARGE  CAPTURE 

VIA  AN  EXCITED  INTERMEDIATE  STATE,  21, _ 1L. 

The is  and  Patricia  M.  Mooney,  IBM  T.J. 
Watson  Research  Ctr.,  Yorktown  Heights,  NY. 

11:00  C15.2 

EFFECT  OF  LOCAL  ATOMIC  CONFIGURATION  ON  DX 
ENERGY  LEVEL,  T.  Baba  and  M.  Mizuta,  NEC 
Corporation,  Fundamental  Research  Labora¬ 
tories,  Ibaraki,  Japan;  T.  Fujisawa,  J. 
Yoshino  and  H.  Kukimoto,  Tokyo  Institute  of 
Technology,  Yokohama,  Japan. 


11:15  G15.3 

ELECTRIC  FIELD  ENHANCEMENT  OF  THE  EMISSION 
RATE  OF  DX  CENTERS,  Mimoun  Zazoui,  Song  L. 
Feng,  Jacques  C.  Bouraoin.  and  Hans  J.  Von 
Bardeleben,  Universite  Paris  VII,  Centre 
National  de  la  Recherche  Scientif  ique, 
Groupe  de  Physique  des  Solides  de  l'Ecole 
Normale  Superieure,  Paris,  France. 

11:30  G15.4 

OPTICALLY  DETECTED  MAGNETIC  RESONANCE  OF 
GROUP  IV  AND  GROUP  VI  DONORS  IN 
Al^Ga^-xAs/GaAs  (X>0.35)  HETEROSTRUCTURES, 
E.  Glaser.  T.A.  Kennedy  and  B.  Molnar,  Naval 
Research  Laboratory,  Washington,  DC. 

11:45  G15.5 

OPTICAL  PROPERTIES  OF  EXTREMELY  HEAVILY 
DOPED  n-GaAs,  Huade  Yao.  University  of 
Nebraska,  Center  for  Microelectronic  and 
Optical  Materials  Research,  Lincoln,  NE;  and 
Alvin  Compaan,  University  of  Toledo,  Depart¬ 
ment  of  Physics  and  Astronomy,  Toledo,  OH. 

SESSION  G16:  DX  CENTERS  II 
Chair:  P.  M.  Mooney 
Thursday  Afternoon,  November  30 
Salon  F  (M) 

1:30  *G16. 1 

THEORY  OF  EL2  AND  DX  CENTERS,  D.J.  Chadi  , 
Xerox,  Palo  Alto  Research  Center,  Palo  Alto, 
CA. 

2:00  G16.2 

IS  DX(Te)  CENTER  IN  Al^i^As  A  NEGATIVE-U 
DEFECT?  L.  Dobaczewski .  J.E.  Dmochowski,  P. 
Kaczor,  J.  Wrdbel  and  J.M.  Langer,  Polish 
Academy  of  Sciences,  Institute  of  Physics, 
Warsaw,  Poland. 

2:15  G16.3 

PHOTOIONIZATION  AND  PHOTOCAPTURE  TESTS  OF 
DX-CENTER  MODELS,  Harold  P.  Hjalmarson,  S.R 
Kurtz  and  T.M.  Brennan,  Sandia  National 
Laboratories,  Albuquerque,  NM. 

2:30  GU.4 

MOSSBAUER  STUDY  OF  THE  DEFECT  STRUCTURES 
AROUND  Te  IMPLANTED  IN  A^Ga^As,  H. 
Bemelmans  and  G .  Lanoouche .  IKS,  University 
of  Leuven,  Leuven,  Belgium;  and  G.  Borghs, 
IMEC,  Leuven,  Belgium. 

2:45  GJLiuS 

THE  METASTABILITY  OF  THE  EL2  DEFECT  IN  GaAs 

3-5  alloys,  Hans — 1m — JZjqd _ Bardeleben  and 

Jacques  C.  Bourgoin,  Universite  Paris  VII, 
Centre  National  de  la  Recherche  Scientif- 
ique,  Groupe  de  Physique  des  Solides  de 
l'Ecole  Normale  Superi6ure,  Paris,  France. 

3:00  BREAK 
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SESSION  G17 :  EL2  DEFECTS 
Chair:  D.  J.  Chadi 

Thursday  Afternoon,  November  30 
Salon  F  (M) 

3:30  *G17 . 1 

PROGRESS  IN  UNDERSTANDING  THE  OPTICAL 

PROPERTIES  OF  EL2 ,  G.A.  Baraf  f  .  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ. 

4:00  G17.2 

DIRECT  OPTICAL  DETERMINATION  OF  THE  CROSS- 
SECTION  FOR  LIGHT  INDUCED  METASTABLE  TRANSI¬ 
TION  OF  THE  EL2  DEFECT,  W.  Kuszko.  M. 
Jezewski,  J.M.  Baranowski;  Warsaw  Univer¬ 
sity,  Institute  of  Experimental  Physics, 

Warsaw,  Poland. 

4:15  G17.3 

THE  DOUBLE  DONOR  ISSUE  OF  THE  EL2  DEFECT  IN 
GaAs,  M.O.  Manasreh  and  Gail  J.  Brown.  U.S. 
Air  Force,  WRDC/MLPO,  Wright-Patterson  AFB, 
OH. 

4:30  G17-.-4 

ABSOLUTE  PRESSURE  DEPENDENCE  OF  THE  SECOND 
IONIZATION  LEVEL  OF  EL2  IN  GaAs,  D. E.  Bliss. 
W.  Walukiewicz,  D.D.  Nolte  and  E.E.  Haller, 
University  of  California,  Berkeley,  Depart¬ 
ment  of  Materials  Science  and  Mineral  En¬ 
gineering,  and  the  Center  for  Advanced 
Materials,  Lawrence  Berkeley  Laboratory, 
Berkeley,  CA. 

4:45  *G17 . 5 

THE  SYMMETRY  OF  THE  EL2  DEFECT  IN  GaAs,  P. 
Trautman  and  J.M.  Baranowski.  Warsaw  Univer¬ 
sity,  Institute  of  Experimental  Physics, 
Warsaw,  Poland. 

SESSION  G18 :  GROUP  IV  SEMICONDUCTORS 
AND  HYDROGEN  -  POSTER  SESSION 
Chair:  J.  Bernholc 
Thursday  Evening,  November  30 
7:00  p.m.  -  10:00  p.m. 

America  Ballroom  { w ) 

G18.1  AN  ANOMALOUS  VACANCY  DIFFUSION  IN 
SILICON  DURING  THE  ANTIMONY  DRIVE-IN  DIF¬ 
FUSION,  w.  Wiiaranakula  and  J.H.  Matlock, 
SEH  America,  Inc.,  Materials  Characteriza¬ 
tion  Laboratory,  Vancouver,  WA. 

G18.2  A  COMPARISON  OF  THE  DIFFUSIVITY  OF 
AS  AND  GE  IN  SI  AT  HIGH  DONOR  CONCENTRA¬ 
TIONS,  K.  Kyllesbech  Larsen,  P.  Gaiduk,  and 
A.  Nylandsted  JLarsen,  University  of  Aarhus, 
Institute  of  Physics,  Aarhus  C,  Denmark. 


G18.3  ANOMALOUS  TRANSIENT  TAIL  DIFFUSION 
OF  BORON  IN  SILICON:  CONCENTRATION  DEPEN¬ 
DENCE  VERSUS  SPATIAL  DEPENDENCE,  N.E.B. 
Cowern .  Nederlandse  Philips  Bedrijven,  Corp. 
OSA  CAD  Centre,  CFT  Automation  Eindhoven, 
The  Netherlands;  H.F.F.  Jos,  Philips  Com¬ 
ponents,  Nijmegen,  The  Netherlands;  and 
K.T.F.  Janssen,  Philips  Research  Labora¬ 
tories,  Eindhoven,  The  Netherlands. 

G18.4  RAPID  THERMAL  PROCESS-INDUCED 
DEFECTS:  GETTERING  OF  THE  INTERNAL  AND 

EXTERNAL  CONTAMINANTS,  B.  Hartiti ,  W. 
Eichhammer .  J.C.  Muller,  and  P.  Siffert, 
CNRS ,  Laboratoire  PHASE,  Strasbourg,  France. 

G18.5  OXYGEN  AND  IRON  REDISTRIBUTION  UPON 
THERMAL  TREATMENT  IN  IRON  IMPLANTED  SILICON, 
B.  Pivac.  A.  Borghesi,  Universita'  di  Pavia, 
Dipartimento  di  Fisica,  Pavia,  Italy;  L. 
Ottolini,  CNR,  Centro  di  studio  per  la 
Cristallograf a  Strutturale  del  CNR,  Pava, 
Italy;  M.  Geddo,  A.  Piaggi  and  A.  Stella, 
Universita  di  Pavia,  Dipartimento  di  Fisica, 
Pavia,  Italy. 

G18.6  ION  BEAM  ETCHING  OF  SILICON: 
IMPLANTATION  AND  DIFFUSION  OF  NOBLE  GAS 
ATOMS,  AND  GETTERING  OF  COPPER,  William  D. 
Sawver  and  J6rg  Weber,  Max-Planck-Institut 
fur  Festkfirperforschung,  Stuttgart,  West 
Germany . 

G18.7  BEHAVIOR  OF  POINT  DEFECTS  IN  FZ  AND 
CZ  Si  CRYSTALS,  Takao  Abe.  Shin-Etsu  Hand- 
otai,  R&D  Center,  Isobe,  Japan. 

G18-8  AN  IMPROVED  MODEL  FOR  COMPUTER 
SIMULATION  OF  OXYGEN  PRECIPITATION  PHENOME¬ 
NA,  M .  Schrems .  P.  Pongratz ,  H.W.  Potzl,  TU- 
vienna,  Vienna,  Austria;  E.  Guerrero,  D. 
Huber,  Wacker,  Chemitronic/AT,  Burghausen, 
West  Germany. 

G18.9  FAILURE  OF  THE  "KICK-OUT"  MODEL  FOR 
THE  DIFFUSION  OF  Au  INTO  Si  WHEN  TESTED  BY 
MONTE  CARLO  SIMULATION,  Uwe  Schmid .  Max- 
Planck-Institut  fiir  Festkbrperforschung, 
Stuttgart,  West  Germany;  and  James  A.  Van 
Vechten,  Oregon  State  University,  Department 
of  Electrical  and  Computer  Engineering, 
Corvallis,  OR. 

G18.10  DIFFUSION  OF  POINT  DEFECTS  IN  A 
STRESSED  SIMPLE  CUBIC  LATTICE,  Dimitris 
Maroudas  and  Robert  A.  Brown,  Massachusetts 
Institute  of  Technology,  Department  of 
Chemical  Engineering,  Cambridge,  MA. 

G18.ll  COMPUTER  CALCULATION  OF  DIF¬ 
FUSIVITY,  EFFECTIVE  ACTIVATION  ENERGY  AND  OF 
ACTIVATION  ENERGY  DIMINUTION  FROM  MEASURED 
PROFILE  OF  IMPURITY  DISTRIBUTIONS  IN  SILI¬ 
CON,  D .  K .  An .  Microelectronics  Company, 
Budapest,  Hungary. 
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GIB. 12  DEFECTS  IN  DOPED  SILICON  EP I LAYERS 
STUDIED  WITH  VARIABLE-ENERGY  POSITRONS  AND 
Mev  IONS,  P.J.  Simpson,  P.J.  Schultz,  R.w. 
Hunt,  I.V.  Mitchell,  University  of  Western 
Ontario,  Ontario,  Canada;  T.E.  Jackman,  and 
G.c.  Aers.  National  Research  Council  of 
Canada,  Ontario,  Canada. 

G18.13  ANGLE  RESOLVED  XPS  ANALYSIS  OF 
SURFACE  DEFECTS  IN  HIGH-DOSE  Sb+  IMPLANTED 
MONOCRYSTALLINE  SILICON,  S.N.  Kumar.  G. 
Chaussemy,  A.  Laugier,  I.N.S.A.  Lyon,  Lab- 
oratoire  de  Physique  de  la  Matiere,  Villeur- 
banne,  France;  M.  Charbonnier,  CNRS,  Univer¬ 
sity  Lyon  I,  Department  de  Chimie  Appliquee 
et  Genie  Chimique,  Villeurbanne,  France;  B. 
Canut,  University  Claude  Bernard  -  Lyon  I, 
Department  de  Physique  des  Materiaux,  Vil¬ 
leurbanne,  France. 

G18.14  MODIFIED  OPTICALLY  DETECTED  MAG¬ 
NETIC  RESONANCE  TECHNIQUE  FOR  STUDIES  OF 
DEFECTS  IN  Si  AND  GaAs ,  W.M.  Chen  and  B. 
Monemar,  Linkoping  University,  Department  of 
Physics  and  Measurement  Technology,  Linkop- 
ing ,  Sweden . 

G18.15  OPTICAL  PROPERTIES  OF  NOVEL  VIBRO- 
NIC  BANDS  IN  ELECTRON -IRRADIATED  TIN  DOPED 
SILICON,  J.H.  Svensson.  B.  Monemar,  Linkop¬ 
ing  University,  Department  of  Physics  and 
Measurement  Technology,  Linkdping,  Sweden; 
B.G.  Svensson,  The  Royal  Institute  of  Tech¬ 
nology,  Department  of  Solid  State  Electron¬ 
ics,  Kista,  Sweden. 

GI8.16  A  NEW  METASTABLE  DEFECT  IN  SILICON, 
AN  OPTICAL  STUDY  AND  AN  INVESTIGATION  OF  THE 
MECHANISM  CAUSING  THE  CONFIGURATIONAL 
CHANGE,  J.H.  Svensson  and  B.  Monemar, 
Linkoping  University,  Department  of  Physics 
and  Measurement  Technology,  Linkfiping, 
Sweden. 

G18.17  NOVEL  LUMINESCENCE  BAND  IN  SILICON 
IMPLANTED  WITH  PHOSPHORUS  AND  BORON,  A.K. 
Sr i vastava  .  D.K.  Sharraa,  and  K.L. 
Narasirahan,  Tata  Institute  of  Fundamental 
Research,  Bombay,  India;  D.  Sarkar  and  V. 
Premchandran,  Indian  Telephone  Industries, 
Bangalore,  India. 

G18.18  UNIAXIAL  STRESS  AND  ZEEMAN  MEASURE¬ 
MENTS  ON  THE  0 . 943eV  LUMINESCENCE  BAND  IN 
SILICON,  M.C.  do  Carmo.  Universidade  de 
Aveiro,  Departments  de  Fisica,  Aveiro, 
Portugal;  K.G.  McGuigan,  M.O.  Henry,  Dublin 
City  University,  School  of  Physical  Scien¬ 
ces,  Dublin,  Ireland;  G.  Davies  and  E.C. 
Lightowlers,  Kings  College,  Department  of 
Physics,  London,  United  Kingdom. 


G18.19  STRAIN  INDUCED  INTRINSIC  QUANTUM 
WELLS  AS  THE  ORIGIN  OF  BROAD  BAND  PHOTOLUMI¬ 
NESCENCE  IN  SILICON  CONTAINING  EXTENDED 
DEFECTS,  Helae  Weman  and  Bo  Monemar,  Linkop¬ 
ing  University,  Department  of  Physics  and 
Measurement  Technology,  Linkoping,  Sweden. 

G18.20  A  HVEM  STUDY  OF  THE  ELECTRON  IR¬ 
RADIATED  DEFECTS  IN  NITROGEN  DOPED  FZ-Si , 
Gao  Yuzun.  General  Research  Institute  for 
Non-Ferrous  Metals,  Beijing,  China;  and  T. 
Takeyama,  Hokkaido  University,  HVEM  Lab, 
Sapporo,  Japan. 

G18.21  IDENTIFICATION  OF  RADIATION-INDUCED 
DEFECTS  IN  Si:Al,  Ya.I.  Latushko,  V.V. 
Petrov .  Lenin  Byelorussian  State  University, 
Laboratory  Spectroscopy  of  Semiconductors, 
Minsk,  USSR. 

G18.22  DEFECT-FORMATION  DEPENDENCE  ON 
GROUP  V-DOPANT  ATOMS  IN  ELECTRON- IRRADIATED 
SILICON,  0.0.  Awadelkariro.  A.  Henry,  B. 
Monemar,  Linkoping  University,  Department  of 
Physics  and  Measurement  Technology, 
Linkoping,  Sweden;  and  J.L.  Lindstrom, 
Swedish  Defence  Research  Establishment, 
Linkoping,  Sweden. 

GIB. 23  ELECTRONIC  STRUCTURE  OF  VACANCY- 
PHOSPHORUS  IMPURITY  COMPLEXES  IN  SILICON, 
Honaai  Xu .  University  of  Lund,  Department  of 
Theoretical  Physics,  Lund,  Sweden;  and  U. 
Lindefelt,  ABB  Corporate  Research,  Vasteras, 
Sweden . 

G18.24  A  SIMPLE  MODEL  FOR  DEFECT  STRUCT¬ 
URES  IN  SILICON,  G.J.  Ackland  and  V.  Vitek, 
University  of  Pennsylvania,  Department  of 
Materials  Science  and  Engineering,  Philadel¬ 
phia,  PA. 

G18-25  NEW  DLTS  PEAKS  ASSOCIATED  WITH  NEW 
DONORS  AND  ROD-LIKE  DEFECTS  IN  CZOCHRALSKI 
SILICON,  Yoichi  Kamiura.  Fumio  Hashimoto  and 
Minoru  Yoneta,  Okayama  University,  Faculty 
of  Engineering,  Okayama,  Japan. 

G18.26  MULTI CONFIGURATIONAL  CARBON-GROUP  V 
PAIR  DEFECTS  IN  SILICON,  E .  GUrer  and  B.W. 
Benson,  Lehigh  University,  Physics 
Department,  Bethlehem,  PA. 

G18.27  THE  ROLE  OF  FOUR-MEMBER  RING  DEFECT 
STRUCTURES  CONTAINING  CARBON,  NITROGEN,  AND 
OXYGEN  IN  CRYSTALLINE  SILICON,  Lawrence  C. 
Snvder .  Rongzhi  Wu,  and  Peter  Deak,  state 
University  of  New  York  at  Albany,  Chemistry 
Department,  Albany,  NY;  and  James  W. 
Corbett,  State  University  of  New  York  at 
Albany,  Albany,  NY. 
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G18.28  MOLECULAR  DYNAMICS  STUDIES  OF 
DISLOCATION  CORES  IN  SI,  M.S.  Duesbery,  D.J. 
Michel,  Naval  Research  Laboratory,  Washing¬ 
ton,  DC;  and  B.  Joos,  Ottawa-Carleton  In¬ 
stitute  for  Physics,  Ottawa,  Canada. 

G18.29  HYDROGEN  INDUCED  DEFECTS  AT  SILICON 
EPITAXIAL  SURFACES  AND  BURIED  MISFIT  DIS¬ 
LOCATIONS,  Tian-Oun  Zhou.  Zbigniew  J. 
Radzimski,  Zhigang  Xiao,  George  A.  Rozgonyi, 
North  Carolina  State  University,  Department 
of  Materials  Science  and  Engineering, 
Raleigh,  NC. 

G18.30  TEM  INVESTIGATION  OF  SECONDARY 
DISLOCATIONS  IN  GRAIN  BOUNDARIES  IN  GER¬ 
MANIUM,  M.  Griess,  M.  Seibt,  University  of 
Gottingen,  IV.  Physikalisches  Institut, 
Gottingen,  West  Germany;  H.J.  Mailer.  Case 
Western  Reserve  University,  Department  of 
Materials  Science  and  Engineering,  Cleve¬ 
land,  OH. 

G18.31  AC  PHOTOVOLTAIC  INSPECTION  OF  P-N 
JUNCTIONS  HAVING  HIGH  LEAKAGE  CURRENT,  IL. 
Honma .  H.  Shimizu,  C.  Munakata,  Hitachi, 
Ltd.,  Central  Research  Laboratory,  Tokyo, 
Japan;  and  M.  Ogasawara,  Hitachi,  Ltd., 
Device  Development  Center,  Tokyo,  Japan. 

G18.32  RIBBON-LIKE  DEFECTS  IN  HIGH-DOSE 
OXYGEN  IMPLANTED  SILICON-ON-INSULATOR  MATER¬ 
IAL,  S.  Visitsernotraku.  AZ  State  Univer¬ 
sity,  Department  of  Chemical,  Bio  and 
Materials  Engineering,  Tempe,  AZ;  J.  Barry, 
University  of  Queensland,  Electron  Micro¬ 
scope  centre,  Brisbane,  Australia  and  AZ 
State  University,  ctr.  for  Solid  State 
Science,  Tempe,  AZ;  S.  Krause,  AZ  State 
University,  Department  of  chemical.  Bio  and 
Materials  Engineering,  Tempe,  AZ. 

G18-33  THE  ENHANCEMENT  OF  THE  INTERDIF¬ 
FUSION  IN  Si/Ge  AMORPHOUS  MULTILAYERS  BY 
ADDITIONS  OF  Au  AND  B,  B .  Park  and  F. 
Spaepen,  Harvard  University,  Division  of 
Applied  Sciences,  Cambridge,  MA;  J.M.  Poate 
and  D.C.  Jacobson,  AT&T  Bell  Laboratories, 
Murray  Hill,  NJ. 

G18.34  STRUCTURAL  TRANSITIONS  IN  TITANIUM/ 
AMORPHOUS-SILICON  MULTILAYER  THIN  FILMS, 
L.A.  Clevenger,  E.  Ma  and  C.V.  Thompson,  MA 
Institute  of  Technology,  Department  of 
Materials  Science  and  Engineering,  Cam¬ 
bridge,  MA;  R.R.  deAvillez,  Pontificia 
Universidade  Catolica,  Departamento  de 
Ciencia  dos  Materiais  e  Metalurgia,  Rio  de 
Janeririo,  Brazil;  and  K.N.  Tu,  IBM  T.J. 
Watson  Research  Ctr . ,  Yorktown  Heights ,  NY . 

GIB. 35  INTERFACIAL  REACTION  BETWEEN  Ni/Ge 
BILAYER  AND  SILICON  (100)  SUBSTRATE,  Jian 
Li,  Q.Z.  Hong,  and  J.W.  Mayer,  Cornell 
University,  Department  of  Materials  Science 
and  Engineering,  Ithaca,  NY. 


G18.36  POSITRON  ANNIHILATION  IN  DIAMONDS, 
U.  Karfunkel,  M.c.  Stemmet,  S.H.  Connell, 
J.P.F.  Sellschop,  University  of  the 
Witwatersrand,  Schonland  Research  Centre, 
Johannesburg,  South  Africa;  and  M.  Moussavi- 
Madani,  University  of  Bophuthatswana ,  De¬ 
partment  of  Physics,  Bophuthatswana,  South 
Africa . 

G18.37  STRUCTURAL  AND  ELECTRONIC  PROPER¬ 
TIES  OF  SUBSTITUTIONAL  DEFECTS  IN  DIAMOND, 
Koblar  A.  Jackson.  Mark  R.  Pederson,  Naval 
Research  Laboratory,  Complex  Systems  Theory 
Branch,  Washington,  DC;  and  Joseph  G. 
Harrison,  University  of  Alabama-Birmingham, 
Birmingham,  AL. 

G18.38  SURFACE  AND  BULK  PROPERTIES  WHICH 
INFLUENCE  ION-BEAM  HYDROGENATION  OF  SILICON, 
Robert  A.  Anderson  and  Carleton  H.  Seager, 
Sandia  National  Laboratories,  Albuquerque, 
NM. 

G18.39  ELECTRONIC  AND  VIBRATIONAL  PROPER¬ 
TIES  OF  GROUP  V  DONOR-HYDROGEN  COMPLEXES  IN 
CRYSTALLINE  SILICON,  L.V.C.  Assali .  E.C.F. 
da  Silva,  and  J.R.  Leite,  Universidade  de 
Sao  Paulo,  Instituto  de  Fisica,  SSo  Paulo, 
Brazil . 

G18.40  EXTREME  SUPERSATURATION  OF  OXYGEN 
IN  LOW-TEMPERATURE  EPITAXIAL  SILICON  AND 
SILICON-GERMANIUM  ALLOYS,  P.V.  Schwartz. 
J.C.  Sturm  and  P.M.  Garone,  Princeton  Uni¬ 
versity,  Department  of  Electrical  Engineer¬ 
ing,  Princeton,  NJ;  S.A.  Schwarz,  Bellcore, 
Red  Bank,  NJ. 

GIB ■ 41  SURFACE  PROTECTION  DURING  PLASMA 
HYDROGENATION  FOR  ACCEPTOR  PASSIVATION  IN 
InP,  J .  Lonata ■  W.C.  Dautremont-Smith ,  S.J. 
Pearton,  J.W.  Lee,  N.T.  Ha,  and  H.S. 
Luftman,  AT&T  Bell  Laboratories,  Murray 
Hill,  NJ. 

GI 5 .42  INTERDIFFUSION  MEASUREMENTS  IN 
SlGe/Si  STRAINED  LAYER  SUPERLATTICES,  S.M. 
Prokes .  M.  Fatemi ,  U.S.  Naval  Research 
Laboratory,  Washington,  DC;  and  K.  Wang, 
University  of  California,  Los  Angeles, 
Department  of  Electrical  Engineering,  Los 
Angeles,  CA. 

G18.43  ELECTRONIC  STRUCTURE  OF  AN  ISO- 
ELECTRONIC  CENTER  IN  SULPHUR-DOPED  SILICON 
STUDIED  BY  OPTICAL  DETECTION  OF  MAGNETIC 
RESONANCE,  W.M.  Chen.  A.  Henry,  B.  Monemar, 
Linkdping  University,  Department  of  Physics 
and  Measurement  Technology,  Linkoping, 
Sweden;  and  M.L.W.  Thewalt,  Simon  Fraser 
University,  Department  of  Physics,  Burnaby, 
Canada. 
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G18.44  AN  ELECTRON  PARAMAGNETIC  RESONANCE 
INVESTIGATION  OF  IRON-INDIUM  PAIRS  IN  SILI¬ 
CON,  W.  Gehlhoff,  Academy  of  Sciences  of 
GDR. ,  Centre  for  Scientific  Instruments, 
Berlin,  East  Germany;  P.  Emanuelsson.  P. 
Omling  and  H.G.  Grimmeiss,  University  of 
Lund,  Department  of  Solid  State  Physics, 
Lund,  Sweden. 

G18.45  THE  VERY  EARLY  STAGES  OF  INITIAL 

OXIDATION  OF  SILICON  (111)  IN  ATOMIC  OXYGEN, 
Bhola  N.  De.  Jane  E.  Peterkin,  Jane  Hruska, 
Yong  Zhao,  N.J.  Ianno,  and  John  A.  Wool lam, 
University  of  Nebraska,  Center  for  Micro¬ 
electronics  and  Optical  Materials  Research 
and  Department  of  Electrical  Engineering, 
Lincoln,  NE. 

G18.46  HYDROGEN  PASSIVATION  STUDIES  IN 
DISLOCATED  CZ  AND  FZ  SILICON,  C.  Dube,  J.P. 
Kalejs,  and  S.  Rajendran,  Mobil  Solar  Energy 
Corporation,  Billerica,  MA. 

G18.47  ENHANCEMENT  OF  OXYGEN  PRECIPITA¬ 

TION  IN  QUENCHED  CZOCHRALSKI  SILICON 
CRYSTALS,  A.  Hara .  T.  Fukuda,  I.  Harai,  and 
A.  Ohsawa,  Fujitsu  Laboratories  Ltd., 
Kawasaki ,  J apan . 

G18.48  DIVACANCY  TRANSFORMATIONS  IN 
ELECTRO-IRRADIATED  SILICON,  J.H.  Robison  and 
A.E.  Jaworowski,  Wright  State  University, 
Physics  Department,  Dayton,  OH. 

G18.49  DETERMINATION  OF  3-DIMENSIONAL 
DEFECT  STRUCTURES  IN  GALLIUM  ARSENIDE  EPI- 
LAYERS  ON  SILICON  USING  WHITE  BEAM  SYNCHRO¬ 
TRON  RADIATION  TOPOGRAPHY  IN  BOTH  TRANSMIS¬ 
SION  GEOMETRY  AND  GRAZING  BRAGG  LAUE  GEOME¬ 
TRY,  M.  Dudley.  J.  Wu  and  G.-D.  Yao,  State 
University  of  New  York  at  Stony  Brook, 
Department  of  Materials  Science  and  En¬ 
gineering,  stony  Brook,  NY;  H.-Y.  Liu  and 
Y.C.  Kao,  Texas  Instruments,  Materials 
Science  Laboratory,  Dallas,  TX. 

G18.50  DIFFUSION  OF  Au  IN  AMORPHOUS  Si 
MEASURED  BY  THE  COMPOSITION  MODULATION 
TECHNIQUE,  E .  Nvaren .  Ohio  State  University, 
Department  of  Materials  of  Science  and 
Engineering,  Columbus,  OH;  B.  Park  and  F. 
Spaepen,  Harvard  University,  Division  of 
Applied  Sciences,  Cambridge,  MA. 

G18.51  HYDROGEN  DIFFUSION  AND  COMPLEX 
FORMATION  IN  SILICON,  J.T.  Borenstein.  Mobil 
Solar  Energy  Corporation,  Billerica,  MA;  D. 
Tulchinski  and  J.W.  Corbett,  State 
University  of  New  York  at  Albany,  Physics 
Department ,  Albany ,  NY . 


SESSION  G19:  DOPING  IN  III-V'S 
Chair:  R.  C.  Newman 

Friday  Morning,  December  1 
Salon  F  (M) 

8:30  *G19 . 1 

ELECTRON  SCATTERING  BY  NATIVE  DEFECTS  IN 
UNIFORMLY-  AND  MODULATION-DOPED  SEMICONDUC¬ 
TOR  STRUCTURES,  W.  Walukiewic2.  Lawrence 
Berkeley  Laboratory,  Center  for  Advanced 
Materials,  Materials  and  Chemical  Sciences 
Division,  Berkeley,  CA. 

9:00  G19.2 

ACCEPTOR  DELTA-DOPING  IN  GaAs ,  W.S.  Hobson. 
S.J.  Pearton,  and  C.R.  Abernathy,  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ;  and  G. 
Cabaniss,  Solecon  Laboratories,  San  Jose, 
CA. 

9:15  G19.3 

PRECIPITATION  PHENOMENA  ASSOCIATED  WITH 
ULTRA-HIGH  Be  DOPING  OF  Ga0 _ 47In0 . 53As  BY 
MBE ,  c.M.  Cotell.  M.B.  Panish,  R.  A.  Hamm, 
L.C.  Hopkins  and  J.M.  Gibson,  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ. 

9:30  G39.4 

CHARACTERISTICS  OF  DOPING  AND  DIFFUSION  OF 
HEAVILY  DOPED  N  AND  P  TYPE  InP  AND  InGaAs 
EPITAXIAL  LAYERS  GROWN  BY  METALORGANIC 
CHEMICAL  VAPOR  DEPOSITION,  C.J.  Pinzone . 
N.D.  Gerrard,  R.D.  Dupuis,  N.T.  Ha  and  H.S. 
Luftman,  AT&T  Bell  Laboratories,  Materials 
Science  Research  Department,  Murray  Hill, 
NJ. 

9:45  019,5 

EFFECTS  OF  Si  INCORPORATION  AND  ELECTRICAL 
ACTIVATION  ON  INTERSUBBAND  OPTICAL  ABSORP¬ 
TION  IN  GaAs/AlGaAs  MULTIPLE  QUANTUM  WELLS, 
J.D.  Ralston,  H.  Ennen,  M.  Maier,  M. 
Ramsteiner,  B.  Dischler,  and  P.  Koidl, 
Praunhof er-Institut  fur  Angewandte  Festkor- 
perphysik,  Freiburg,  West  Germany. 

10:00  BREAK 

SESSION  G20:  SUPERLATTICES  -  PIFEUSION 
Chair:  J.  A.  Van  Vechten 

Friday  Morning,  December  1 
Salon  F  (M) 

10:30  *G20 . 1 

IMPURITY-INDUCED  LAYER  DISORDERING:  CURRENT 
UNDERSTANDING  AND  AREAS  FOR  FUTURE  INVESTI¬ 
GATION,  L.J.  Guido  and  N.  Holonyak,  Jr., 
University  of  Illinois,  Department  of  Elec¬ 
trical  Engineering,  Urbana,  IL. 
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11:00  G20.2 

BEHAVIOR  OF  DOPANT-RELATED  DEFECTS  IN  AlGaAs 
SUPERLATTICES,  N.D.  Theodore.  Cornell  Uni¬ 
versity,  Department  of  Materials  Science  and 
Engineering,  Ithaca,  NY;  P.  Mei,  Columbia 
University,  Department  of  Electrical  En¬ 
gineering,  New  York,  NY;  C.B.  Carter,  Cor¬ 
nell  University  Department  of  Materials 
Science  and  Engineering,  Ithaca,  NY;  C. 
Palmstrom,  S.A.  Schwarz,  J.P.  Harbison,  L.T. 
Florez,  Bell  Communications  Research  Inc.  , 
Redbank ,  N J . 

11:15  G20.3 

INTERDIFFUSION  BEHAVIOR  OF  SYMETRICALLY 
STRAINED  Ge^SijQ  SUPERLATTICES,  P.M.  Adams. 
R.C.  Bowman  Jr.,  The  Aerospace  Corporation, 
Los  Angeles,  CA;  S.J.  Chang,  V.  Arbet  and 
K.L.  Wang,  University  of  California,  Los 
Angeles,  Department  of  Electrical  Engineer¬ 
ing,  Los  Angeles,  CA. 

11:30  *G2Q.4 

DIFFUSION  MECHANISMS  IN  GaAs  AND  GaAs-BASED 
LAYERED  STRUCTURES,  U.  Gosele .  Duke  Univer¬ 
sity,  School  of  Engineering,  Durham,  NC;  and 
T.Y.  Tan,  Duke  University,  School  of  En¬ 
gineering,  Durham,  NC,  and  Microelectronics 
Center  of  North  Carolina,  Research  Triangle 
Park,  NC. 
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61.1 

HIGH  RESOLUTION  SPECTROSCOPY  OF  POINT  DEFECTS  IN 
SEMICONDUCTORS.  H.  G.  Grimmeiss.  M.  Klevennan  and 
J.Olajos,  Department  of  Solid  State  Physics,  University  of  Lund, 
Box  118,  S-221  00  LUND,  Sweden. 

For  a  better  understanding  of  the  behavior  of  defects  and 
impurities  in  semiconductors  a  variety  of  measuring  techniques 
have  been  developed  for  characterizing  and  identifying  their 
electronic  properties.  In  general,  a  comprehensive  charac¬ 
terization  and  identification  of  shallow  and  deep  centers  is  only 
possible  if  several  different  measurement  techniques  are  applied. 

In  this  paper  we  illustrate  and  discuss  briefly  recent  developments 
in  high  resolution  spectroscopy  of  {joint  defects  with  particular 
emphasis  on  photothermal  ionization  spectroscopy  (PTIS).  PTIS 
and  absorption  possess  many  common  features,  but  nevertheless 
have  interesting  differences.  Both  techniques  give  very  detailed 
information  on  the  energy  structures  of  defects.  For  purposes  of 
chemical  identification  and  correlation  we  also  present  results 
which  have  been  obtained  from  other  experimental  methods 
such  as  EPR,  photo-EPR  and  junction  space  charge  techniques.  All 
centers  discussed  in  this  paper  show  a  manifold  of  sharp  lines  in 
PTIS  and  absorption  which  allow  a  detailed  analysis  not  only  of 
the  energy  structure,  but  also  of  the  symmetry  and  charge  state. 
Both  interstitial  and  substitutional  as  well  as  pairs  of  defects  have 
been  studied.  Impurities  from  different  groups  of  the  Periodic 
Table  and  in  particular  of  different  transition  metals  in  silicon  are 
used  as  examples  in  order  to  illustrate  the  importance  of 
combining  different  measurement  techniques  for  a  compre¬ 
hensive  identification  and  characterization  of  point  defects. 

G1.2 

INFRARED  ABSORPTION  STUDY  OF  ZINC-DOPED  SILICON. 

E.  Merk*.  J.  Heyman,  and  E.E.  Haller,  Center  for  Advanced 
Materials,  Materials  and  Chemical  Sciences  Division,  Lawrence 
Berkeley  Laboratory,  and  University  of  California,  Berkeley,  CA 
94720 

We  report  high  resolution  infrared  absorption  spectra  associated 
with  the  deep  Zinc  acceptor  in  silicon.  The  optical  transitions 
between  ground  and  excited  "p-like"  states  of  the  neutral  helium¬ 
like  double  acceptor  Zn°  center  have  been  observed  for  the  first 
time.  The  absorption  cross  section  for  the  hole  transition  is  found 
to  be  very  small,  of  the  order  of  10'17  cm2.  Energy  spacings  of  the 
P3/2  Rydberg  series  are  very  similar  to  the  spacings  of  the  group- 
111  acceptors,  suggesting,  that,  in  spite  of  the  large  ground  state 
binding  energy,  effective-mass  approximation  still  applies  to  the 
excited  states.  This  represents  one  more  case  where  the  strong 
central  cell  potential  does  not  disturb  the  neutral  helium-like 
excited  states.  Similar  observations  have  been  made  for  the  less 
deep  neutral  double  acceptor  Be,  and  for  the  chalcogen  donors 
S,  Se,  and  Te. 

The  optical  ionization  energy  of  Zn0/'  has  been  determined  to  be 
2575  cm-'  (0.319  eV). 

In  addition  two  other  sets  of  absorption  lines  related  to  zinc  have 
been  observed  at  2130  cm-1  and  2750  crrr1  and  their  origin  will 
be  discussed. 

*  supported  by  National  Swiss  Foundation  for  the  Research. 
gi.3 

INFRARED  STUDIES  OF  THE  DOUBLE  ACCEPTOR  ZINK  IN 
SILICON.  A.  DO  men .  R.  Kienle,  K.  Thonke  (4.  Phys. 
Inst.  Unlv.  Stuttgart,  D-7000  Stuttgart,  FRG) ,  P. 
Stolz,  G.  pensl  (Inst.  fOr  Angewandte  Physik,  Unlv. 
Erlangen,  D-8520  Erlangen,  FRG),  D.  Grtlnebaum,  N.D. 


Stolwljk  (Inst.  fOr  Metallforschung,  Unlv.  Mtlnster, 
D-4400  MOnster,  FRG) 

The  neutral  charge  state  of  the  double  acceptor  zlnk 
in  silicon  is  investigated  by  infrared  absorption 
and  photoconductivity  measurements.  In  both  types  of 
experiments  the  photoionization  of  the  Zn°  center  is 
observed.  The  spectral  line  shape  and  the  numerical 
value  of  the  optical  cross  section  agrees  with  the 
previously  reported  photo  capacitance  data. 

In  infrared  absorption  and  photoconductivity  mea¬ 
surements  bound-to-bound  transitions  of  the  Zn° 
center  are  observed.  The  excited  states  are  de¬ 
scribed  by  effective  mass  theory,  as  in  the  case  of 
hydrogen-like  shallow  single  acceptors.  The 
observation  of  Fano  resonances  of  the  O*  phonon(64.3 
meV)  underlines  the  effective-mass-like  character  of 
the  wave  functions.  The  ionization  energy  of  the  Zn° 
acceptor  state  is  found  to  be  319.1  +/-  0.2  meV. 

Similar  to  the  double  acceptor  zink  in  germanium  a 
splitting  of  ground  state  due  to  the 
hole-hole- interaction  is  observed. 

G1.4 

PRESSURE  DEPENDENCE  OF  A  DEEP  EXCITONIC  LEVEL  IN 
SILICON.*  G.A.  Northrop  and  D.J.  Wolford,  IBM  Thomas  J. 
Watson  Research  Center,  Yorktown  Heights,  NY  10598. 

Certain  optically  active  defects  in  silicon  provide  a  unique  opportunity 
to  observe,  in  detail,  the  effect  of  hydrostatic  pressure  on  a  deep  level. 
These  defects  are  weakly  coupled  to  the  lattice  and  produce  strong 
luminescence  signals,  with  intense  no-phonon  transitions  precisely 
marking  the  excitonic  level.  Here  we  present  a  photolumincscence  (5 
-  100K)  study  of  one  such  defect  -  the  I,  radiation-damage  center  - 
under  high  hydrostatic  pressures  (1-50  kbar).  Surprisingly,  the 
luminescence  intensity  of  I,  drops  by  3  orders  of  magnitude  over  that 
range,  becoming  undetectable  well-before  level  crossing  with 
continuum  states,  while  the  free  exciton  remains  largely  unchanged. 
We  find  an  initial  pressure  coefficient  of  -0.47  mcV/kbar,  a  result  de¬ 
viating  considerably  from  the  -1.66  meV/kbar  we  derive  from  the  free 
cxciton  for  the  indirect  X  bandgap,  and  thus  indicating  the  presence 
of  multi-band  contributions  characteristic  of  deep  levels.  Above  -20 
kbar  the  I,  slope  decreases  to  -0.25  meV/kbar,  which  is  suggestive  of 
a  crossing  between  radiative  and  nonradiative  levels  of  the  defect. 
However,  the  PL  temperature  dependence  and  phonon-sideband 
structure  show  no  change  with  pressure  that  would  be  consistent  with 
such  a  crossing.  Likewise,  no  decrease  in  thermal  binding  energy  with 
increasing  pressure  is  observed.  Luminescence  lifetime,  for  which  pre¬ 
liminary  results  will  be  presented,  is  the  most  sensitive  test  of  any 
change  in  the  internal  efficiencies  of  recombination  at  this  defect. 
Other  mechanisms  for  the  drop  in  I,  intensity,  such  as  reduced  capture 
efficiency,  will  also  be  discussed. 

•Supported  in  part  by  the  IJ.S.  Office  of  Naval  Research  under  con¬ 
tract  N00014-85-C-0868. 

G1.5 

NEW  ODMR  OBSERVATIONS  IN  Zn-DOPED  LEC  InP  AND  Cr- 
AND  Te-  DOPED  GaAs.  J.  M.  Trombetta*  and  T.  A.  Kennedy,  Naval 
Research  Laboratory,  Washington,  DC,  20375. 

While  deep  recombination  centers  in  InP  and  GaAs  have  been  studied 
extensively  with  Optically  Detected  Magnetic  Resonance  (ODMR).  the 
participation  of  shallow  centers  has  received  limited  attention.  In  this 
work,  we  rep  on  an  ODMR  feature  on  the  donor-acceptor  pair  (DAP) 
emission  at  1.37  eV  in  Zn-doped  LEC-grown  InP,  having  a  g- value  of 
l.21±.01,  near  the  predicted  conduction  electron  value  (g=1.20).  Pre¬ 
viously  observed  as  a  snarp  line1,  it  is  accompanied  in  our  measure¬ 
ments  by  an  underlying  broader  peak  which  varies  in  intensity  and 
width  with  microwave  modulation  frequency  and  optical  excitation  in¬ 
tensity.  This  broader  feature  is  interpreted  as  the  unresolved  electron- 
hole  exchange-split  resonances  of  electrons  bound  to  residual  shallow 
donors,  having  a  range  of  separations  from  the  acceptors.  A  new 
photoluminescence-increasing  detection  of  this  resonance  observed  at 
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higher  modulation  frequencies  (e.g.  40  kHz)  is  tentatively  assigned  to 
the  spin  dependence  of  the  DAP  emission  itself  while  a  decreasing  sig¬ 
nal  observed  only  at  lower  frequencies  demonstrates  the  existence  of  a 
an  additional  competing  recombination  process.  An  observation  of  a 
new  broad  resonance  in  a  Te-  and  Cr-  doped  LEC  GaAs  sample  near 
the  predicted  conduction  electron  g-value  of  0.4  will  also  be  discussed. 

This  work  sponsored  in  part  by  the  Office  of  Naval  Research 
*  NRC-NRL  Resident  Research  Associate 

1.  L.  H.  Robins,  P.  C.  Taylor,  and  T.  A.  Kennedy.  Phys.  R  ,v.  B  38, 
13227(1988) 

G2.1 

COMPLEX  DEFECTS  IN  SEMICONDUCTORS. 

B.  Monemar.  Dept,  of  Physics  and  Measurement  Technology, 
Linkoping  University,  S-581  83  Linkoping,  SWEDEN. 

Recent  advances  in  the  understanding  erf  electronic  structure 
of  complex  defects  in  semiconductors  are  reviewed,  in 
connection  with  new  optical  data  for  such  defects  both  in 
1II-V  compounds  and  silicon.  In  GaP  neutral  complexes 
related  to  Asg*  antisites  and  Ga;  interstitials  have  been 
investigated,  and  general  trends  for  their  properties  may  be 
observed.  Dynamical  processes  relevant  for  carrier  capture 
and  recombination  via  such  defects  have  also  been 
investigated.  In  silicon  detailed  information  on  complex 
defects  may  be  obtained  from  bound  exciton  spectroscopy 
on  the  neutral  charge  state.  An  interesting  example 
involving  neutral  chalcogen  pairs,  exhibiting  both 
metastability  and  final  state  excitation  effects,  will  be 
discussed. 

G2.2 

THE  ELECTRONIC  STRUCTURE  OF  INTERSTITIAL  IRON  IN 
SILICON 

M.  Kleverman,  A-L  Thilderkvisf.  G.  Grossmann,  J.  Olajos,  and 
H.  G.  Grimmeiss,  Department  of  Solid  State  Physics, 

University  of  Lund,  Box  118,  S-221  00  LUND,  Sweden. 

A  donor-like  line  spectrum  in  Fe-doped  silicon  has  been 
studied  by  high-resolution  Zeeman  spectroscopy.  Previous 
work  unambiguously  identified  the  center  as  the  interstitial 
iron  impurity  and  suggested  that  the  spectrum  is  due  to  the 
transitions  he,0  +  hv  — >  Fe;+  +  e',  where  the  excited  electron 
enters  shallow  effective-mass-like  donor  states.  In  the  optical 
excitation,  different  final  core  states  (Fe,+)  are  reached  giving 
rise  to  several  superimposed  shallow-donor  spectra. 

The  Zeeman  splitting  patterns  show  this  interpretation  to  be 
basically  correct.  The  2p±  lines  show  a  splitting  similar  to  that 
for  shallow  donors,  e.g.  quadratic  shifts  and  tne  characteristic 
avoided  crossing  with  the  3p0  line  due  to  the  non-linear  terms 
in  the  Zeeman  Hamiltonian. 

This  simple  donor  model  is  the  basis  for  an  analysis  of  the 
spectrum  where  all  lines  are  observed  to  split  into  more 
components  than  given  by  the  effective-mass  approximation. 
This  is  especially  notable  for  the  2pg  line  for  which  three 
non-thermalizing  components  are  clearly  observed.  This 
additional  splitting,  attributed  to  the  internal  degrees  of 
freedom  of  tne  Fej*  core,  provides  new  detailed  insight  into 
the  level  structure  of  the  defect. 

G2.3 

D-BAND  LUMINESCENCE  IDENTIFIED  WITH  TRANSITION 
.METAL  DECORATED,  AS  DISTINCT  FROM  UNDECORATED 
DISLOCATIONS.  V.Hiegs.  and  E.C.Lightowiers,  Physics  Dept., 

King’s  College  London,  Strand,  London,  WC2R  2LS,  U.K. 

Luminescence  features  associated  with  dislocations  in  Si,  the  D-bands, 
have  been  investigated  in  several  laboratories  during  the  past  13  years 


[1],  and  there  has  been  considerable  speculation  concerning  the  relation¬ 
ship  between  the  spectral  features  observed  and  specific  dislocation 
types  and  the  nature  of  the  electronic  transitions  involved.  In  a  recent 
investigation  of  Si  grown  by  molecular  beam  epitaxy  [2]  it  was  noted 
that  the  D-  band  luminescence  features  were  absent  in  the  as-grown 
material,  in  spite  cf  dislocation  densities  in  the  range  lOMCrcm  2,  but 
that  they  could  be  introduced  by  deliberate  contamination  with  Cu,  Fe 
and  Ni.  It  was  concluded  that  the  D-bands  must  be  associated  with 
decorated,  as  distinct  from  undecorated,  dislocations. 

In  this  paper  we  show  that  high  purity  FZ  Si,  free  of  transition  metal 
contamination,  carefully  cleaned  and  then  plastically  deformed  in  a 
clean  metal-free  environment  to  produce  dislocation  densities  in  the 
range  104-  108cm'2,  does  not  show  D-band  luminescence,  only  a 
broadening  of  the  free  and  donor  and  acceptor  bound-exciton  features. 
Very  sharp  D-band  features  can  be  created  by  subsequent  deliberate 
contamination  with  Cu,  Fe  or  Ni.  The  relative  intensities  of  the 
luminescence  feature  vary  with  the  dislocation  density,  but  are  virtually 
identical  for  the  different  metals  except  for  a  very  small  shift  in  energy. 
Work  is  in  progress  aimed  at  creating  specific  types  of  dislocations  to 
investigate  the  possibility  of  developing  a  qualitative,  or  even  quanti¬ 
tative,  photoluminescence  assessment  technique  for  dislocations  in  both 
Si  and  Ge.  The  state  of  progress  will  be  reported. 

[1]  R.Sauer,  J.  Weber,  J.  Stolz,  E.R.  Weber,  K.H.  Kusters  and  H. 
Alexander,  Appl.  Phys.A  36  1  (1985) 

[2]  V. Higgs,  E.C.  Lightowlers,  G.  Davies,  F.  Schaffler  and  E. 

Kasper,  Semicond.  Sci.  Technol.  In  the  press. 

G2.4 

PHOTOLUMINESCENCE  EXCITATION  SPECTROSCOPY  OF 
MOCVD-GROWN  GaAstV.  Y.J.  Kao.  and  N.M. 

Haegel,  Dept.  of  Materials  Science  and 
Engineering,  University  of  California  -  Los 
Angeles,  Los  Angeles,  CA;  and  H.S.  Hobson, 
ATST  Bell  Laboratories,  Murray  Hill,  NJ. 

Vanadium  is  a  substitutional  impurity  in  GaAs 
which  is  known  to  have  a  strong  intracenter 
luminescence  transition  centered  at  1.8  qm.  In 
this  study,  photoluminescence  (PL)  and 
photoluminescence  excitation  (PLE)  spectro¬ 
scopies  have  been  used  to  study  the 
characteristic  V  emissions  of  MOCVD-grown 
GaAs:V.  Some  of  the  samples  were  additionally 
doped  with  Si  and/or  Be  in  order  to 
systematically  vary  the  Fermi  levels  in  the 
epitaxial  layer  and  change  the  charge  state  of 
the  vanadium. 

An  analysis  of  the  PLE  spectrum  with  below- 
band-edge  excitation  showed  that  the  dominant 
V  emission  band  of  semi-insulating  and  p-type 
samples  arises  from  crystal-field  transitions 
of  V**(3d’)  ions.  With  above-band-edge 
excitation,  an  oscillatory  behavior  in  the  PLE 
spectrum  of  most  samples  was  observed,  similar 
to  phenomena  which  have  been  reported  in  PLE 
studies  of  EL2.  The  intensitiy  of  these 
oscillatory  bands  gradually  diminished  as  the 
concentration  of  vanadium  in  the  sample  was 
increased . 

G2.5 

RADIATIVE  AND  NON  RADIATIVE  RECOMBINATIONS  AT  Er 
CENTERS  IN  GaALAs.  Tuha  Benyattou,  Djelloul  Scghicr,  G6rard 
Guillot.  INS  A  de  Lyon,  LPM,  69621  Villeurbanne  Ctidex  (France);  and 
Pierre  Galtier  ,  Marie-Noelle  Charasse,  Thomson  CSF/LCR,  91404 
Orsay  C<dex  (France). 

Photoluminescence  (PL)  of  MBE  Er  doped  Gaq  55AI0  45AS  has  been 
studied  under  continuous  and  pulsed  laser  excitation.  We  report  PL 
spectra  attributed  to  transitions  from  the  two  first  excited  states  1/2 
and  4 1 1 3 /2  t0  tbe  ground  state  41 15/2-  ^hc  pL  intensity  of  these 
transitions  shows  a  square  root  dependence  on  the  excitation  power.  The 
lifetime  of  these  two  levels  have  been  measured  as  a  function  of 
temperature  and  are  found  to  be  respectively  0.5ms  and  1ms  at  10K 
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which  is  comparable  to  decay  times  observed  in  insulators. 

We  have  performed  two  beam-experiments  in  order  to  study  and  to  find 
the  origin  of  the  non  radiative  processes.  A  pump  beam  is  used  to  create  a 
constant  population  of  Er  (“*113/2)  and  a  probe  beam  is  used  to  create 
electron-hole  pairs.  We  found  a  decrease  of  PL  intensity  induced  by  the 
probe  beam  so  we  conclude  to  the  existence  of  losses  associated  with  free 
carriers  (ie.Auger  effect). 

From  pulsed  experiments  using  pulsed  pump  beam,  we  have  shown  that 
the  Auger  effect  occurs  during  the  PL  excitation.  In  view  of  recent  results 
indicating  that  rare  earths  (RE)  create  an  attractive  potential  for  the 
electrons,  we  propose  the  following  model  for  the  Er  PL  excitation 
process  :  excitons  bound  to  Er  are  created  and  decay  non  radiatively  by 
energy  transfer  to  the  rare  earth  (which  is  the  cause  of  the  Er  observed 
PL)  or  to  free  carriers  by  Auger  effect  (which  is  the  cause  of  the  observed 
losses).  This  model  explains  the  square  root  dependence  and  can  be  a 
good  approach  for  all  other  RE  doped  m-V  materials  since  most  of  them 
present  a  sublinear  PL  dependence  law. 

G2.6 

CHARACTERIZATION  OF  DEEP-LEVEL  DEFECTS  IN  SEMI-IN¬ 
SULATING  GaAs  AND  InP  BY  PHOTOINDUCED  TRANSIENT 
SPECTROSCOPY  (PITS).  Pawel  Kamirisk i  .  Institute  of 
Electronic  Materials  Tecnnology,  ul .  Konstruktor- 
ska  6,  02-673  Warszawa,  Poland 

Semi -insula t ing  (SI)  GaAs  and  InP  are  substrate 
materials  for  manufacturing  high  speed  electronic 
devices.  Properties  of  these  compounds,  however, 
are  controlled  by  deep-level  impurities  and  nati¬ 
ve  defects.  This  paper  is  aimed  at  showing  the  po¬ 
tentialities  of  Photoinduced  Transient  Spectrosco¬ 
py  (PITS)  for  investigation  of  residual  deep-level 
defects  in  SI  materials.  We  use  the  double-gated 
box-car  integrator  to  process  the  photocurrent 
transient  similarly  as  in  OLTS  technique. 

The  PITS  spectra  for  Cr-doped  and  undoped  LEC  SI 
GaAs  are  compared.  In  the  former,  apart  from  chro¬ 
mium  acceptor  level  (0.88  eV)  a  number  of  other 
traps  are  observed  including  that  corresponding 
to  iron  contamination  (0.52  eV)  and  to  native  de¬ 
fects  -  EL2  (0.74  eV)  and  EL6  (0.31  eV).  The  de¬ 
fect  structure  of  the  latter  is  also  very  complex 
and  together  with  EL2  and  EL6  several  other  traps 
occur.  The  effect  of  the  Fermi-level  position  and 
charge  carrier  lifetime  on  PITS  spectrum  is  dis¬ 
cussed  . 

The  PITS  spectrum  for  Fe-doped  LEC  SI  InP  is  shown. 
The  traps  with  thermal  emission  activation  ener¬ 
gies  of  0.71  eV  and  0.64  eV  correspond,  respecti¬ 
vely,  to  hole  and  electron  emission  from  deep  ac¬ 
ceptor  level  associated  with  Fe  in  (0/-)  charge 
state.  The  0.35  eV  and  0.23  eV  traps  are  presuma¬ 
bly  attributed  to  some  Fe-related  complexes. 

G3.1 

ENHANCEMENT  OF  MINORITY  CARRIER  LIFETIMES  IN 
rr/n/n-  GaAs  HOMO-STRUCTURES.  LEIGH  M.  SMITHt  and 
D.J.  WOLFORDt,  IBM  T.  J.  Watson  Research  Center,  Yorktown 
Heights,  NY;  R.  VENKATASUBRAMANIANt  and  S.K. 
GHANDIlIt  Rensselaer  Polytechnic  Institute,  Troy,  NY. 

We  show  that  the  radiative  efficiency  and  lifetimes  of  photoexcitcd 
carriers  in  epitaxial  GaAs  can  be  enhanced  by  3  to  4  orders-of- 
magnitude  by  the  preparation  of  n\  "spike-doped"  layers  at  surfaces 
and  substrate  interfaces.  Samples  were  MOVCD-prepared  with  n- 
region  thicknesses  of  3-10  urn,  and  Si-  or  S-doped  to  n*  concentrations 
of  5x10"  cm  ’.  Time-resolved  luminescence  in  such  structures,  under 
both  surface  and  bulk  (near-band-edge)  excitation  conditions,  reveal 
near-edge-excitonic  or  band-to-band-dominated  recombination 
spectra,  with  carrier  lifetimes  ranging  from  1.5  nsec  at  1.5  K  to  greater 
than  I  <isec  at  room  temperature.  This  is  in  contrast  to  the  sub¬ 
nanosecond  lifetimes  typical  in  conventionally  grown  bulk  GaAs,  but 
is  comparable  to  the  best  reported  for  high-purity  LPE  grown  GaAs / 


Al,Ga,_^\s  double  heterostructures.  The  spatial  distributions  of 
photoexcited  carriers  in  these  structures  are  observed  to  expand  by 
over  an  order  of  magnitude  during  their  1  *isec  room  temperature  life¬ 
time.  The  expansion  is  diffusive,  with  a  measured  diffusion  constant 
of  14  em’/s  at  300  K.  This  corresponds  to  a  room  temperature  mobil¬ 
ity  of  525  cm’/Vsec,  comparable  to  previously  measured  hole  mobilities 
in  bulk  p-type  GaAs  of  similiar  purity.  These  results  are  clear  evidence 
that  the  narrow,  heavily  doped  layers  effectively  shield  minority  carri¬ 
ers  from  the  interfaces,  thereby  reducing  interface  recombination. 

This  work  was  supported  in  part  by  the  Office  of  Naval  Research  un¬ 
der  contract  N0OOI4-85-C-O868;f  The  Solar  Energy  Research  Institute, 
Golden,  CO  under  contract  XL-5-05018-2;!  and  Agreement 
970-ERER-ER-87  with  the  New  York  State  Energy  Research  and  De¬ 
velopment  Authority.! 

G3.2 

EVIDENCE  FOR  STRONG  TRAPPING  BY  IONIZED  DONORS  OF  FREE 
EXCITONS  IN  EXCITED  STATES.  S.  Zemon  and  G.  Lambert,  GTE 
Laboratories,  40  Sylvan  Road.  Waltham,  MA 

A  striking  enhancement  has  been  observed  in  the  intensity  of  donor-related, 
photoluminescence  transitions  in  undoped  (1014  -1015  cm'3),  epitaxial  GaAs 
(or  excitation  energies  (E#)  in  the  vicinity  ot  the  band-gap  energy  (Eg).  En¬ 
hancement  data  witt  also  be  presented  tor  a  variety  of  other  samples,  includ¬ 
ing  GaAs  heterostructures,  substrates,  and  GaAs/Si  as  well  as  AIGaAs.  In 
some  cases  dramatic  intensity  increases  of  over  two  orders  of  magnitude 
have  been  found,  with  donor-related  transitions  dominating  acceptor-related 
ones  in  the  excitonic  region  of  even  low-compensation,  p-type  material.  The 
strong  effects  observed  have  been  correlated  to  the  presence  of  ionized 
donors  (D+).  The  enhancement  was  most  readily  observed  for  (D°.h)  and/or 
(D*,X).  Photoluminescence  excitation  (PLE)  spectra  at  4.2  K  showed  that 
the  effect  has  a  maximum  consistent  with  excitation  of  the  n-3  state  ol  the 
free  exciton  (Xn_3)  and  decreases  monotonically  as  Ea  increases  to  values  as 
much  as  12  meV  above  Eg.  A  strong  effect  was  also  observed  when  pump¬ 
ing  the  X„_2  transition,  but  only  a  weak  one  when  pumping  Xn„, .  The  two 
main  PLE  features  at  Xn_2  3  are  interpreted  in  terms  of  an  enhancement  of 
donor  transitions  due  to  trapping  of  X„_2  3  by  D+.  Subsequently,  this  com¬ 
plex  can  transform  into  (D*,Xn.,)  as  well  as  (D°,h).  The  trapping  of  Xn_2  3  by 
D*  is  apparently  much  more  effective  than  that  ol  Xn_v  Since  the  long  range 
attraction  between  D+  and  Xn  is  due  to  interaction  with  the  induced  dipole, 
then  the  interaction  should  be  stronger  as  the  exciton  radius  (and  therefore 
n)  increases.  Temperature,  polarization,  and  magnetic  field  data  will  be 
discussed. 

G3.3 

FORMATION  OF  THREE  RED-SHIFT  EMISSIONS  IN  HEAVILY  GERMANIUM- 
DOPED  P-TYPE  GAAS  GROWN  BY  MBE. Y. MARITA,  A . YAMADA , H . SHIBATA , 
N.OHNISHI  .A.C.BEYE,  and  K.M. MAYER,  Electrotechnical , Laborato¬ 
ry, 1-1-4  Unezono , Tsukuba-shi ,  305, Japan. 

Molecular  beam  epitaxy  (MBE)  of  p-type  GaAs  doped  with  Ge  waa 
made,  in  which  Ga  to  Aa«  flux  ratio,  y  ,  Ge  concentration,  (Ge) 
and  growth  temperature  were  used  ae  parameters. 

Photoluoinescence  (PL)  spectra  at  2K  for  slightly  doped  GaAs  re¬ 
vealed  that  for  y  =1  the  emission  of  excitons  bound  to  neutral 
Ge  acceptors  (A*,X)  was  dominant.  With  increasing  y  ,  (A*,X)  waa 
steeply  suppressed  and  the  exciton  esiisaion  at  ionized  Ge  donors 
(D* ,X)  was  gradually  enhanced  and  for  y  =11,  (D»,X)  became  most 
dominant.  In  van  der  Pauw  measurements ,  samples  having  [Ge] 
around  lxlO^cm-*  presented  the  p-  to  n-  type  conversion  at  y 
=1.7,  which  was  also  specified  in  PL  spectra  as  the  quenching  of 
a  characteristic  emission, (g-g)  and  the  formation  of  an  emission 
reflecting  the  increased  nixnber  of  donors,  (B-B).  (g-g)  is  form¬ 
ed  just  below  ( A • , X }  and  exhibits  a  strong  energy  shift  towards 
lower  energy  sides  with  increasing  (Ge),  which  presines  that  [g- 
g)  is  due  to  the  pairs  between  excited-state  acceptors. 

(g-g)  has  been  proved  to  be  easily  quenched  by  small  amount  of 
donors  being  effective  even  by  a  factor  of  30  smaller  than  that 
of  acceptors.  The  formation  of  predominant  (g-g)  for  y  =1  as¬ 
sures  that  extremely  low-compensated  p-type  samples  were  grown 
by  using  an  amphoteric  impurity,  which  was  established  up to 
[Ge)=lxl0>,cm-*.  In  these  samples  four  emission  series  exhibited 
significant  energy  shifts  with  increasing  [Ge],  Fro*  (Gel 
lx 10 1  •  cm-»,  the  above  (g-g)  appears  as  a  dominant  amission  and 
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at  IGe]  ~  1x10* 7  cm-1,  another  red  shift  emission,  [g-g]i  begin*, 
to  be  formed  on  the  higher  energy  side  of  (g-g] .  It  is  interest¬ 
ing  to  note  that  both  [g-g]  and  £g-gji  seem  to  be  totally  quench¬ 
ed  by  the  further  increase  of  IGe].  The  emission  due  to  band  to 
Ge  acceptor, (e,Ge)  does  not  change  its  central  energy  til  [Ge]= 
5x10 “cm-*  and  for  larger  [Ge]  it  turns  into  a  new  broad 
emission,  [g-g] B  displaying  a  steep  red  energy  shift.  The  last 
emission, [g-g] a  indicates  a  steady  blue  energy  shift  with  grow¬ 
ing  [Ge]  larger  than  1x10 “cm-*,  which  was  theoretically  ex¬ 
plained  in  terms  of  the  pairs  between  ground-state  acceptors. 

G3.4 

ELECTRICAL  PROPERTIES  OF  HEAVILY  Be-DOPED  GaAs  GROVN  BY 
MOLECULAR  BEAM  EPITAXY.  H.  Shibata.  Y.  Makita.  A-  Yaaada.  N.  - 
Ohnishi.  M.  Mori.  Y.  Nakayasa.  A.  C.  Beye  and  K.  M-  Mayer.  Electro¬ 
technical  Lab.  1-1-4  Umezono. Tsukuba-shi.  305.  JAPAN 

Electrical  properties  of  heavily  Be-doped  GaAs  grown  by 
molecular  beam  epitaxy  (MBE)  were  investigated  in  a  wide 
range  of  carrier  concentration  [A]  from  1x10^  up  to 
1x103®chT3  at  the  sample  temperature  between  10K  and  room 
temperature  (RT).  The  hole  mobility  at  RT  exhibits  a  maxi¬ 
mum  value  of  308cmvVs  at  [A]  =  7.  2xl015cm  .  The  dependence 
of  RT  hole  concentration  on  Be  effusion  cell  temperature 
was  nearly  coincident  with  that  of  Be  vapor  pressure, 
which  suggests  that  the  doping  of  Be  is  governed  by  the  Be 
arrival  rate  over  the  entire  [A]  range  studied.  Raman 
scattering  measurements  were  also  carried  out  to  examine 
the  properties  of  distorted  lattice  due  to  the  heavy 
doping- 

Photoluminescence  measurements  were  made  at  2K  in  which 
several  new  peaks  were  discovered  in  the  near-band-edge 
emission  region.  The  emission  band  named  by  [g-g]  was  ob¬ 
served  for  [A]  between  4- 8xl016  and  7.  0xl01‘cm"J  which  ex¬ 
hibited  weak  red  shift  with  increasing  [A].  This  red  shift 
was  ascribed  to  the  formation  of  the  pairs  between  exited- 
states  acceptors.  The  emission  bands  denoted  by  tg-g] « 
and  [g-g]  p  were  obtained  for  [A]  larger  than  1.  8xl0‘®cm  3 
and  presented  strong  blue  and  red  shifts,  respectively. 

The  red  shift  of  [g-g]0  was  recently  explained  in  terms 
of  the  pair  between  ground-states  acceptors.  The  emission 
band  denoted  by  [g-g] r  began  to  appear  for  [A]  larger 
than  2  6xlOl3cm~3  but  indicated  no  energy  shift.  Precise 
informations  on  the  energy  shift  and  the  spectral  evolu¬ 
tion  of  these  plural  emissions  as  the  function  of  [A] 
enable  one  to  estimate  the  carrier  concentration  by  a  non¬ 
destructive  and  contactless  method  with  high  spatial 
resolution. 

G3.5 

PHOTOLUMINESCENCE  STUDY  OF  GaAs  DIFFUSED  WITH  Li. 
H.P.  Gislason  and  E.O.  Sveinbjbmsson,  U.  of  Iceland,  Reykjavik,  Iceland, 
B.  Monemar  and  M.  Ahlstrtim,  LinkOping  U.,  LinkOping,  Sweden. 

We  present  a  detailed  study  of  the  photoluminescence  (PL)  properties  of  a 
wide  range  of  GaAs  material  diffused  with  the  group-I  element  Li.  U  is 
known  to  compensate  both  n-  and  p-type  GaAs,  and  our  starting  material 
includes  different  n-type  and  p-type  GaAs  as  well  as  semi-insulating 
material.  Little  work  has  been  repotted  on  the  properties  of  Li  in  GaAs 
recently  despite  extensive  studies  in  the  seventies.  Optical  properties 
have  mainly  been  studied  by  local-mode  IR  spectroscopy  [1],  The  only 
photoluminescence  study  so  far  on  Li  diffusion  in  GaAs  [2]  was  done  in 
Cu-doped  samples  with  emphasis  on  Cu  rather  than  Li.  In  the  present 
study  the  Li  doping  of  GaAs  is  investigated  through  its  effect  on  existing 
PL  bands  in  the  as-grown  material  and  the  appearence  of  new  such  bands. 

A  dramatic  example  of  spectral  changes  in  GaAs  upon  Li  doping  is  the 
gradual  disappearence  of  the  1.36  eV  PL  band  which  is  usually  present 
through  inadvertent  Cu  contamination  of  the  samples.  New  PL  bands 
resulting  from  the  Li  doping  of  n-type  horizontal  Bridgman  material 
include  a  strong  band  at  1.34  eV  and  shallower  bands  at  1.45  and  1.48  eV. 
The  doping  procedure  suggests  that  these  bands  are  Li  related,  and  since 
they  appear  only  in  n-type  material  the  responsible  centres  are  concluded 
to  have  acceptor  character.  The  dependence  of  the  PL  intensity  and 
energy  positions  of  these  bands  on  excitation  intensity  suggests  that  the 
deepest  one  represents  transitions  to  a  localized  acceptor  level,  which  we 
attribute  to  a  deep  LiGa  acceptor.  The  shallower  bands  are  assigned  to 
pair  transitions  involving  shallower  Li-related  centres.  An  analysis  of  the 
dependence  of  the  PL  intensity  on  temperature  in  the  range  between  4  K 


and  room  temperature  supports  this  model.  The  correlation  between  the 
different  starting  material  and  PL  properties  will  be  used  to  characterize 
the  corresponding  levels.  The  microscopic  identity  of  the  centres  will  be 
discussed  in  relation  to  earlier  work  on  Li  in  GaAs. 

1.  M.E.  Levy  and  W.G.  Spitzer,  J.  Phys.  Chem.  Solids  6,  3223  (1973) 

2.  H.P.  Gislason  etal ,  J.  Appl.  Phys.  58, 240  (1985) 

G3.6 

LASER-THERMAL  IMPURITY  PUMPING  OF  SHALLOW 
DONORS  IN  ULTRAPURE  GERMANIUM.  T,  Theiler  and  F. 
Keilmann,  Max-Planck-Institut  fUr  FestkOrperforschung  Stuttgart, 
FRG;  E.  E.  Haller,  Lawrence  Berkley  Labs,  CA 

Extremely  narrow  far-infrared  lines  /l/  of  OH-donors  in  ultrapure 
Germanium  are  used  to  probe  the  fundamental  dynamic  processes  of 
impurities.  For  measurement  we  use  PTIS  modified  by  using 
frequency-fixed  lasers  and  Zeeman-tuning  of  the  impurity  transition. 

We  observe,  for  the  first  time,  a  change  of  the  (lifetime  dominated) 
resonance  lineshape  in  the  intensity  region  near  10'^  W/cm^.  This 
effect  can  be  quantitatively  understood  in  a  rate  equation  model,  which 
shows  that  at  the  critical  intensity  the  ground  state  becomes  depleted 
and  the  dependence  of  the  recombination  on  the  degree  of  ionization 
becomes  important.  Therefore  the  effect  depends  also  on 
compensation. 

A  quite  distinct  mechanism  starts  to  broaden  the  line  at  much  higher 
intensities  near  10-*  W/cm^.  This  is  identified  as  the  equalization  of 
ground  and  excited  state  population  and  thus,  the  results  yield 
information  on  the  thermal  ionization  of  the  excited  state.  This  latter 
ionization  step  can  also  be  accomplished  in  a  further  experiment  by 
using  a  second  far  infrared  laser  to  yield  a  "photo-photo-ionization- 
spectrum". 

Reference 

/ 1/  H.  Navarro,  E.  E.  Haller,  F.  Keilmann;  Phys.  Rev.  B37,  p.  10822 
1988 

G4.1 

VACANCY-TYPE  DEFECTS  IN  PLASTICALLY 
DEFORMED  GaAS.  P.  Mascher.  S.  Dannefaer  and  D.  Kerr.  De¬ 
partment  of  Physics,  University  of  Winnipeg,  Winnipeg,  MB  R3B 
2E9,  Canada 

Semi-insulating  GaAs  has  been  investigated  by  positron  life¬ 
time  spectroscopy  in  various  states  of  plastic  deformation.  In  the 
as-deformed  samples  large  vacancy  clusters  could  be  detected  as 
one  of  the  defect  components  emerging  for  strains  above  the  upper 
yield  point.  As  expected  from  theory,  the  positron  response  from 
these  traps  shows  a  strong  dependence  on  the  measuring  temper¬ 
ature  between  30  and  350  K  which  allows  an  estimate  of  the  void 
size  of  about  50A. 

A  significant  decrease  of  the  (retained)  concentration  of  these 
defects  with  increasing  deformation  temperature  (450<’C<TD  < 
600°C)  suggests  an  annealing  stage  in  this  temperature  range.  Pre¬ 
sently,  both  isochronal  and  isothermal  annealing  studies  are  in 
progress  to  obtain  information  on  the  migrating  species  and  the 
kinetics  of  the  process. 

G4.2 

ODKR  STUDIES  ON  BULK  GALLIUM  PHOSPHIDE.  Keith  L.  Brower. 
Ssndia  National  Laboratories,  Albuquerque,  NM. 

We  have  observed  new  optically  detected  magnetic  resonances 
(ODKR)  In  n-type,  sulfur  doped  0.08  oha-cm  bulk  gallium 
phosphide.  The  ODKR  spectrum  was  observed  at  1.3  K  using 
20.4  GHz,  50  bV,  280  Hz  square-wave  nodulated  microwaves 
with  50  mW  of  either  514.5,  488.0,  457.9,  or  363.8  nm  light 
illuaination  from  an  Ar  Ion  laser.  Within  our  1.8  -  0.8 
micron  detection  range,  the  ODKR  luminescence  Is  strongest 
near  800  nm  using  a  Ge  detector  and  514.5  nm  light 
illumination.  No  ODKR  signals  could  be  detected  under 
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subbandgap  illumination  with  50  mw  of  light  from  a  dye 
laser  between  approximately  800  and  900  nm. 

the  ODMR  spectrum  appears  to  be  Indicative  of  two  distinct 
centers.  One  spectrum  is  characterized  by  an  isotropic 
resonance  having  a  g  value  of  approximately  2.0125  and  a 
linewidth  of  approximately  200  G;  this  resonance  tends  to 
be  skewed  to  lower  magnetic  fields.  The  other,  weaker 
spectrum  appears  to  be  an  isotropic  2-line  hyperflne 
spectrum  at  g  -  1.98.  The  hyperflne  lines  are  separated  by 
approximately  485  G  and  have  a  linewidth  of  approximately 
250  G.  The  Isotropic  nature  of  the  spectra  and  the  lack  of 
forbidden  transitions  suggest  spin  1/2  centers.  The 
hyperflne  spectrum  might  arise  from  a  P-related  defect  in 
GaP. 

This  work  performed  at  Sandia  National  Laboratories 
supported  by  the  U.S.  Department  of  Energy  under  contract 
number  DE-AC04-76DP00789 . 

G4.3 

THE  ROLE  OF  OXYGEN  IN  p-TYPE  InP.  I.  Michel.  J.  Jeong,  K.  M.  Lee  and 
L.  C.  Kimerting.  AT&T  Bell  Laboratories,  Murray  HiU,  NJ  07974. 

We  have  studied  the  influence  of  oxygen  on  the  electrical  and  optical 
properties  of  Be-  and  As-doped  InP.  The  initial  p-type  InP  [Be, As)  shows  a 
strong  deep  photoluminescence  (PL)  band  at  1.5  |im.  This  PL-band  was  related 
to  the  Pi,  antisite  defect  by  optically-detected  magnetic  resonance  (ODMR) 
measurements.  As  the  oxygen  concentration  increases,  the  1.5  pra  PL-band 
disappears  and  a  new  PL-band  at  1  pm  appears.  Hall  effect  and  resistivity 
measurements  show  that  an  increase  in  oxygen  concentration  results  in  a 
conversion  from  p-type  to  n-type  material.  We  attribute  the  disappearance  of 
the  1.5  pm  PL-band  to  a  shift  of  the  Fermi-level  and  the  introduction  of  the 
1  pm  band  to  an  oxygen-related  center. 

G4.4 

MID-INFRARED  SPECTRAL  PHOTORESPONSE  OF  SEMI- 
INSULATING  GaAs.  G  J.  Brown,  and  W.C.  Mitchel,  Materials 
Laboratory  (WRDC/MLPO)  .Wright  Research  and  Development  Center, 
Wright-Patterson  AFB,  OH.  45433-6533 

We  have  developed  a  characterization  technique  using  mid-infrared, 
fourier  transform  photoconductivity  (PC)  that  is  capable  of  identifying 
deep  energy  levels  in  gallium  arsenide.  Our  technique  requires  less  sample 
processing  than  deep  level  transient  spectroscopy  (DLTS)  and  can  be  used 
on  semi-insulating  (SO  gallium  arsenide.  Using  this  technique  we  have 
observed  evidence  of  several  below  mid-gap  energy  levels  in  undoped  SI 
gallium  arsenide  Spectral  PC  measurements  were  made  on  SI  GaAs 
before  and  after  illuminating  the  cooled  samples  with  high  intensity  white 
light  at  8K.  The  PC  spectrum  typically  showed  a  broad  photoresponse 
from  2  to  20  microns  that  was  attributed  to  multiple  energy  levels  in  the 
material.  The  observed  energy  levels  were  0.55  eV,  0.44  eV,  0.24  eV  and 
a  range  from  0. 15  to  0.06  eV.  However,  the  shallow  photoresponse  from 
the  carbon  acceptor  was  not  observed  after  illumination.  The  most  striking 
spectral  feature  was  a  sharp  ionization  edge  at  about  0.44  eV  in  all  of  the 
samples  studied.  This  energy  level  agrees  well  with  the  0.43  eV  level  that 
has  been  observed  by  temperature  dependent  Hall  effect  measurements. 
The  0.43  eV  Hall  effect  level  is  an  intrinsic  defect  level  and  is  postulated 
to  be  the  0.35  eV  EL6  level  observed  by  DLTS.  The  0.44  eV  level  was 
also  observed  in  our  PC  spectrum  of  a  n-type  Bridgcman  grown  sample 
that  had  shown  the  0.43  Hall  effect  level.  The  presence  of  additional  deep 
levels  in  concentrations  comparable  to  those  of  EL2  and  carbon  indicates 
that  the  simple  model  for  compensation  in  SI  GaAs  which  invokes  only 
EL2  and  shallow  impurities  needs  revision. 

G4.5 

ASSOCIATION  OF  THE  0.8eV  EMISSION  BAND  TO  THE  EL$  CENTER 
IN  GAAS.  S.  Alaya,  M.A.Zaldi,  G.Marrakchi,  H.Maaref . Facultf 
des  Sciences  Monastir  (TUNISIA),  H.J.Von  Bardeleben  and 


J.C.Eourgoin.  Croupe  Physique  des  Solides  de  l'ENS.  Tour 
23.  2  Place  Jussieu  75  251  PARIS  (FRANCE). 

The  role  of  native  defects  as  electrically  active  centers 
has  long  been  known  in  GaAs.  The  EL$  center  which  is 
commonly  found  in  LEC  and  H.B  grown  GaAs  is  the  most 
ubiquitous  center  other  than  the  well  known  EL2  center. 

Two  experimental  techniques  are  used  in  this  study  in 
order  to  well  establish  the  optical  and  electrical 
properties  of  this  center. 

The  correlation  of  our  photoluminescence  and  DLTS  results 
of  various  S.I  and  n-type  GaAs  samples  either  grown  by  LEC 
or  HB  technique  and  the  analysis  of  the  thermal  annealing 
effects  on  these  samples  led  us  to  unambigousely  relate 
the  0.8eV  PL  band  to  the  ELg  center.  We  have  found  that 
the  appearance  of  the  0.8eV  PL  band  is  related  to  the 
Fermi-level  position.  We  propose  a  configuration 
coordinate  model  which  explains  both  all  the  characteristic 
electrical  properties  of  the  ELg  center  and  the  established 
properties  of  the  0.8eV  PL  band.  A  radiative  recombination 
mechanism  of  this  deep  PL  band  is  also  proposed. 

G4.6 

THE  ELECTRONIC  STRUCTURE  OF  TOE  "0.15  eV"  Cu  ACCEPTOR 
LEVEL  IN  GaAs.  Janztin.  M.  Linnarsson,  B.  Monemar,  Linkoping 
University,  Linkbping,  Sweden  and  M.  Klcverman,  Lund  University, 
Lund,  Sweden. 

Cu-diffused  GaAs-samples  have  been  investigated  using  different  kinds 
of  FTIR  techniques  and  photoluminescence.  Line  spectra  observed  in 
absorption  can  be  interpreted  as  transitions  from  the  ground  state  to  the 
excited  effective  mass  like  2P3/2,  2Pj/2(F g),  and  2P5/2(r 7)  states  of  a 
neutral  substitutional  CuGa  acceptor.  One  LO-phonon  higher  in  energy  - 
interfering  with  the  continuum  -  the  Fano  replicas  of  these  transitions  are 
visible.  The  binding  energy  of  157.8  meV  has  been  obtained  by  adding 
the  effective  mass  value  of  the  2Ps/2(r s)  state  to  the  energy  position  of 
the  corresponding  absorption  line. 

All  transitions  to  the  excited  states  have  replicas  0.84  meV  higher  in 
energy.  The  replicas  are  of  electronic  nature,  as  can  be  seen  from  uniaxial 
stress  measurement. 

Photoconductivity  spectra  showing  oscillating  photoconductivity  will  also 
be  presented.  The  distance  between  two  neighbouring  dips  is  36.4  meV, 
which  is  similar  to  the  energy  of  an  LO-phonon.  The  extrapolated 
"binding  energy  "  obtained  from  the  oscillations  is  164.2  meV.  The 
discrepancy  between  the  binding  energies  will  be  discussed  in  terms  of  a 
<100>  Jahn-Teller  distorsion. 

Uniaxial  stress  and  Zeeman  measurements  of  the  FTIR  line  spectra  will 
be  presented.  These  results  allow  us  to  give  a  detailed  description  of  the 
electronic  structure  of  the  Cu-center. 

G5.1 

PHOTOLUMINESCENCE  CHARACTERIZATION  OF  IMPURITIES  AND 
DEFECTS  IN  SD1I CONDUCTORS.  M.L.W.  Thewalt,  Department 
of  Physics,  Simon  Fraser  University,  Burnaby,  B.C.  , 
Canada  V5A  1S6. 

Photoluminescence  spectroscopy  has  become  a  well 
developed  and  widely  applied  tool  for  the  study  and 
characterization  of  defects  and  Impurities  In 
semiconductors.  The  field  remains  very  dynamic,  with 
advances  being  made  both  In  the  techniques  themselves 
as  well  as  In  the  breadth  and  complexity  of  the 
centres  to  which  they  can  be  applied. 

One  recent  trend  in  photoluminescence  spectroscopy  has 
been  the  use  of  Fourier  transform  interferometric 
techniques,  which  previously  had  been  developed 
primarily  for  mid-  and  fai -Infrared  absorption 
spectroscopy.  Interferometric  photoluminescence 

spectroscopy  can  be  advantageous  not  only  for  longer 
wavelength  studies  and  for  broad  spectral  scans,  but 
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also  In  situations  where  very  high  spectral  resolution 
and  accuracy  are  required. 

These  topics  will  be  Illustrated  with  reference  to  a 
number  of  new  photolualnescence  studies.  In  Ge  we 
will  demonstrate  the  utility  of  photoluminescence  for 
donor  and  acceptor  characterization  In  high  and  ultra 
high  purity  material,  as  well  as  the  first  observation 
of  a  triple  acceptor  bound  exciton.  In  SI.  results 
for  several  new  complex  defect  systems  Including  the 
O-related  thermal  donors  will  be  discussed.  Finally 
we  will  Illustrate  the  application  of  Interferometry 
to  high  resolution  photoluminescence  and 
magnetophotolumlnescence  In  high  purity  epitaxial 
GaAS . 

G5.2 

GENERATION  AND  DISSOCIATION  OF  IRON  BORON  PAIRS  IN 
SILICON.  M.  Suezawa  and  K.  Sumino,  Institute  for  Materials  Research, 
Tohoku  University.  Sendai  980,  Japan 

This  paper  reports  the  kinetics  of  generation  and  dissociation  processes 
of  Fe-B  pairs  in  Si  studied  by  means  of  electron  spin  resonance  (ESR). 
A  specimen  of  B-doped  float-zone-grown  Si  sealed  into  an  evacuated 
quartz  capsule  together  with  a  piece  of  Fe  was  quenched  into  ice- 
water  from  130011.  Changes  in  the  concentrations  of  Fe-B  pairs, 
electrically  neutral  Fe  (Fe"  )  and  singly  ionized  Fe  (Fe+)  due  to 
various  heat-treatments  of  the  quenched  specimen  were  determined 
from  ESR  measurements  with  an  X-band  spectrometer  at  10  K.  In 
contrast  to  a  result  previously  published  by  Weber,  the  ESR  absorption 
due  to  Fe-B  pairs  is  not  detected  in  an  as-quenched  specimen  and 
only  absorptions  due  to  Fe°  and  Fe  +  are  observed.  This  seems  to 
mean  that  the  high  temperature  state  in  which  Fe  atoms  and  B  atoms 
are  individually  distributed  within  the  crystal  is  effectively  frozen 
in  the  crystal  due  to  our  quenching  procedure.  Isochronal  annealing 
of  the  quenched  specimen  reveals  that  Fe-B  pairs  are  generated  at 
a  temperature  as  low  as  40  U.  The  concentration  of  Fe-B  pairs 
increases  with  an  increase  in  annealing  temperature  and  achieves 
the  maximum  at  about  lOOTL  Annealing  at  higher  temperatures  leads 
to  a  reduction  in  the  concentration  of  Fe-B  pairs.  On  the  other  hand, 
the  concentrations  of  Fe"  and  Fe  +  are  observed  to  show  the  behavior 
reverse  to  that  of  Fe-B  pairs :  Namely,  they  decrease  due  to  annealing 
at  temperatures  lower  than  100H  and  increase  at  higher  temperatures. 
However,  they  decrease  again  due  to  annealing  at  temperatures  higher 
than  15011.  The  latter  may  be  attributed  to  clustering  or  precipitation 
of  Fe  in  such  a  temperature  range.  Isothermal  annealing  of  the 
quenched  specimen  reveals  that  the  generation  process  of  Fe-B  pairs 
obeys  the  first  order  reaction  kinetics.  Mean  separation  of  B  atoms 
estimated  from  the  time  constant  of  Fe-B  pair  generation  is  found 
to  be  comparable  to  that  determined  from  the  concentration  of  B 
atoms  in  the  specimen.  This  again  supports  the  idea  that  Fe  and 
B  atoms  are  randomly  distributed  in  the  as-quenched  specimen.  The 
activation  energy  of  Fe  migration  is  determined  to  be  0.65  eV  from 
this  work.  This  magnitude  is  consistent  to  that  determined  by 
diffusion  experiments. 

G5.3 

THEORETICAL  INVESTIGATIONS  OF  THE  METASTABILITY 
OF  IRON-GROUP  III  ACCEPTOR  PAIRS  IN  SILICON. J.R. 
Le ite  and  L.V.C.  A3sali,  Institutes  de  Fisica  da 
Umversidade  de  SAo  Paulo,  CP  20516,  01498  S3o 
Paulo,  SP,  Brazil. 

The  metastability  of  the  Fe-Al,  Fe-Ga  and  Fe-In 
pairs  in  silicon  has  been  observed  from  DLTS  and 
EPR  experiments.  It  has  been  found  that  these 
pairs  are  stable  in  both,  the  (111)  or  (100)  axial 
symmetry  configurations,  indicating  that  they  may 
consist  of  a  substitutional  acceptor  with  the  Fe 
impurity  occupying  the  nearest  or  next-nearest 
neighbor  interstitial  site,  respectively. 

Recently  we  have  reported  the  f  irst  rigorous  elec¬ 
tronic-state  calculations  for  the  Fe-B  pair,  one 
of  the  most  investigated  complexes  in  silicon  . 
Preliminar  attempts  to  correlate  the  electronic 
structure  of  this  pair  in  both,  the  (1  1  1)  and  (100) 
axial  symmetries  have  also  been  made.  The  aim  of 
the  present  paper  is  to  report  on  the  results  of 
our  systematic  studies  of  the  electronic  struc¬ 


ture  of  the  Fe-B,  Fe-Ai  and  Fe-Ga  pairs  in  sili¬ 
con.  Rigorous  SCF  calculations  have  been  carried 
out  for  the  pairs  in  C3V  and  C2V  symmetries  in 
order  to  investigate  the  bistability  of  these 
systems.  For  each  pair,  results  are  presented  for 
the  one-electron  energy  gap  levels  and  reso¬ 

nances,  donor  and  acceptor  transitions,  Fermi 
hyperfine  contact  fields  at  the  iron  and  the  ac¬ 
ceptor  nuclei,  total  spins,  Mott-Hubbard  poten¬ 
tials  and  total  energies. 

G5.4 

PHOTOCONDUCTIVITY  STUDY  OF  CrB  AND  Cr^  IN  SILIOON 

A.  Schlette,  R.  Kienle,  A.  Ddrnen,  and  K.  Thonke 
4.  Physikalisches  Institut,  Universitat  Stuttgart, 
Pfaffenwaldring  57,  7000  Stuttgart-80  (FRG) 

Chromium  is  known  to  form  complexes  with  different 
acceptors  in  silicon.  By  DLTS  and  Hall  measurements 
a  level  at  E  +  0.28eV  (0/+  transition)  is  found 
for  the  c  hr  omnium- boron  complex.  In  photolumines¬ 
cence  (PL),  a  spectrum  with  zero  phonon  transition 
at  844  meV  shows  up. 

We  find  in  our  photothermal  ionisation  spectroscopy 
(PTIS)  experiments  a  resonance  at  the  same  energy 
as  PL  observes,  exhibiting  the  identical  5-fold 
finestructure.  Approx.  9  meV  higher  in  energy  a 
weak  negative  peak  due  to  a  forbidden  transition  is 
found.  The  ionisation  threshold  is  observed  as  a 
step  in  the  PTIS  signal  at  -  874  mev.  Fano 
resonances  due  to  ' f '  and  ' g 1  phonons  for  all  these 
features  indicate  clearly,  that  this  spectrum 
belongs  to  effective-mass-like  states  of  a  donor. 

So  chromium  acts  as  a  deep  donor  with  a  level  at  E 
+  295m eV  and  excited  EMT-like  states.  Uniaxial 

stress  measurements  confirm  the  conduction 
band-like  behaviour  of  the  excited  state  and  reveal 
the  additional  <lll>-axis  of  the  defect  core. 

In  n-type  samples,  two  thresholds  at  energies  of 
200  mev  and  430  mev  occur,  the  latter  being 
followed  by  a  sequence  of  modulations  due  to  LO 
phonons.  These  energies  were  previously  ascribed  to 

Cr ,  and  Cr  ,  respectively. 

X  s 

G5.5 

FORMATION  OF  In-Cu  PAIRS  IN  SILICON  DURING  CHEMO- 
MECHANICAL  POLISHING.  Th.  Wichert.  R.  Keller,  M.  Deicher, 
W.  Pfeiffer,  H.  Skudlik,  and  D.  Steiner,  Fakultat  fiir  Physik,  Universitat 
Konstanz,  D-7750  Konstanz,  FRG. 

Following  200  eV  Cu+  implantation  of  Si,  doped  with  radioactive  "  ’in 
atoms,  the  formation  of  In-Cu  pairs  is  observed  using  the  perturbed  yy 
angular  correlation  technique  (PAC).  The  pairs  exhibit  axial  symmetry 
about  the  <111>  lattice  direction  and  have  a  dissociation  energy  of 
0.69  eV,  assuming  an  attempt  frequency  of  1012  Hz.  Using  the  three 
measured  Cu  specific  interaction  frequencies  of  vq  =  237,  334,  and 
408  MHz  (Tm  =  78  K)  it  is  shown  that  these  pairs  are  identical  with 
the  In-X  pairs  observed  after  chemo-mechanical  polishing  of  Si  wafers 
(M.  Deicher  et  al.,  Institute  of  Physics  Conference  Series,  Vol.  95 
(1989)  155).  This  identification  implies  that  at  273  K  Cu  atoms  in  Si 
possess  a  much  higher  diffusivity,  being  about  4  orders  of  magnitude 
higher,  than  expected  from  extrapolating  diffusion  data  measured  at 
1000  K.  Possible  explanations  of  this  phenomenon  will  be  discussed 
and  comparisons  with  other  experiments  indicating  the  presence  of  Cu 
in  Si  will  be  made. 
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G6.X 


FERMI  RESONANCE  EFFECTS  ON  THE  VIBRATION  MODES  OF  HYDROGEN- 
PASSIVATED  BORON  IN  SILICON*.  G.  D.  Wat kina.  W.  B.  Fowler, 
G.  G.  DcLeo,  M.  Stavola,  and  D.  M.  Kozuch,  Dept,  of  Physics t 
Lehigh  University,  Bethlehem,  Pa.  18015;  S.  J.  Pearton  and  J 
Lopata,  AT&T  Bell  Laboratories,  Mirray  Hill,  N.  J.  07974 

10B  -  isotope  shifts  have  been  reported  recently  for  the 

and  vibrational  frequencies  of  the  H-B  complex  in  sil¬ 
icon^.  The  shift  was  found  to  be  anomalously 

large.  We  show  that  this  effect  finds  a  natural  explanation 
in  a  phenomenon  called  "Fermi  resonance’^  arising  from  a 
weak  anharmonic  coupling  between  the  second  harmonic  of  the 
transverse  B  vibration  and  the  longitudinal  H  vibration.  We 
first  present  a  simple  classical  explanation  of  the  effect 
in  terms  of  a  "parametric  oscillator",  or  a  child  pumping 
himself  on  a  swing.  We  then  outline  a  simple  quantum  mech¬ 
anical  treatment  that  provides  a  satisfactory  quantitative 
explanation  of  the  results.  Our  calculations  also  predict 
infrared  absorption  at  the  boron  second  harmonic  frequencies 
These  are  observed  for  both  ^B  llg  vith  intensities  and 
polarization  as  predicted,  providing  direct  confirmation  of 
the  interpretation.  The  Pankove  Si-H-B  model3,  therefore, 
remains  intact.  (Xir  results,  in  fact,  provide  further  con¬ 
firmation  of  its  validity  in  the  sense  that  we  have  confirm¬ 
ed  for  the  first  time  that  the  boron  vibrations  are  perpen¬ 
dicular  to  the  Si-H-B  bond. 

♦Research  at  Lehigh  University  supported  by  Office  of  Naval 
Research  Contract  N00014-84K-0025 . 
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G6.2 

OPTICALLY  DETECTED  MAGNETIC  RESONANCE  OF  A 
HYDROGEN-RELATED  COMPLEX  DEFECT  IN  SILICON. 
W.M.  Chen.  O.O.  Awadelkarim,  B.  Monemar,  Department  of 
Physics  and  Measurement  Technology,  Linkoping  University, 
S-581  83  LinkOping,  SWEDEN;  J.L.  Lindstram,  Swedish 
Defence  Research  Establishment,  P.O.  Box  1165,  S-581  11 
Linkaping,  SWEDEN;  and  G.S.  Oehrlein,  IBM  Research 
Division,  T.J.  Watson  Research  Center,  Yorktown  Heights, 
N.Y.  10598  USA 

Hydrogen  in  semiconductors  has  recently  received  great 
attention,  not  only  because  of  its  fascinating  physical 
properties,  but  also  due  to  its  technological  importance,  e.g.in 
passivating  a  variety  of  defects  in  semiconductors.  Despite 
numerous  studies  a  microscopic  identification  of  H-induced 
defects  by  magnetic  resonance  techniques  is  still  absent.  This 
is  a  key  problem  for  a  better  understanding  of  the  properties  of 
hydrogen.  In  this  paper,  we  present  the  first  optically  detected 
magnetic  resonance  (ODMR)  studies  of  a  hydrogen-related 
defect  in  semiconductors.  The  defect  is  present  in 
hydrogenated  boron-doped  silicon  single  crystals,  after  room- 
temperature  electron-irradiation.  A  spin-triplet  (S=l)  is 
shown  to  be  the  electronic  state  responsible  for  the  observed 
ODMR  spectrum.  A  detailed  angular  dependence  study  of  the 
ODMR  spectrum  reveals  a  Cjjv  defect  symmetry.  The  defect  is 
argued  to  be  a  di-hydrogen-vacancy  complex  (VH2),  in  which 
the  hydrogen  atoms  passivate  two  dangling  bonds  of  the 
lattice  vacancy.  The  presence  of  H  in  the  defect  complex  is 
evidenced  by  the  resolved  hyperfine  structure  of  the  !H  atom 
with  nuclear  spin  1=1/2  (99.985%  naturally  abundant).  The 
energy  levels  of  this  complex  in  the  forbidden  gap  and  their 
important  role  as  strong  non-radiative  recombination 
channels  are  also  discussed. 


G6.3 

HYDROGEN  BEHAVIOUR  IN  SILICON.  Guido  L.  Chiarotti, 
F.  Buda,  R.  Car  and  M.  Parrinello,  Int’l  School  {or  Advanced  Studies, 
Trieste,  Italy 

The  role  of  Hydrogen  in  Silicon  haa  been  the  subject  of  extensive 
experimental  and  theoretical  investigations.  Both  in  crystalline  (c-Si)  and 
in  amorphous  (a-Si)  phases  the  behaviour  of  H  has  technological  relevance. 
In  fact  in  c-Si  H  is  capable  of  passivating  defect  related  states.  In  a-Si 
instead  H  plays  a  crucial  role  in  the  doping  process.  We  discuss  both 
the  cases  of  c-Si:H  and  a-Si:H,  that  we  have  investigated  by  means  of  ab- 
initio  Molecular  Dynamics  simulation.  Within  this  computational  scheme 
the  interatomic  potential  is  obtained  from  accurate  local  density  functional 
calculations,  and  dynamical  finite  temperature  effects  are  completely  taken 
into  account. 

For  c-Si  we  restrict  to  the  study  of  H+  in  the  high  temperature  regime. 
The  results  can  be  summarized  as  follows:  (i)  The  diffusion  proceeds  via 
a  jump-like  mechanism,  (ii)  The  diffusion  path  is  substantially  different 
from  that  inferred  from  zero  temperature  total  energy  calculations,  demon¬ 
strating  the  importance  of  dynamical  effects,  (iii)  The  computed  diffusion 
coefficient  and  its  temperature  dependence  are  in  good  agreement  with 
the  high  temperature  available  experimental  data,  and  confirm  the  high 
mobility  of  H  in  c-Si.  We  also  suggest  that  scattering  experiments  may 
distinguish  between  different  diffusion  mechanisms. 

By  rapid  quench  from  the  melt  we  have  obtained  an  a-Si:H  sample. 
We  will  discuss  some  structural  and  electronic  properties  of  this  system. 

G6.4 

HYDROGEN  DIFFUSION  IN  B-DOPED  SILICON.  C.  P.  Herrera'. 
M.  Stutzmann,  and  A.  Breitschwerdt,  Max-Planck-Institut  fur  Fest- 
korperforschung,  D-7000  Stuttgart  80,  FRG. 

We  have  measured  the  IR  reflectance  of  hydrogen  passivated  boron- 
doped  silicon  for  different  B-concentrations  and  passivation  conditions 
(temperature  and  exposure  time).  From  the  observed  features  in  the 
IR  spectra,  we  can  obtain  hydrogen  depth  profiles  in  passivated  sam¬ 
ples,  and  effective  diffusion  coefficients  can  be  deduced.  We  find  that 
the  diffusion  of  hydrogen  in  B-doped  c-Si  can  be  described  by  the 
same  parameter  as  in  undoped  Si  (D  =  Doexp(—E\i/kT))  with  D0  = 
'2.4  x  10*r  cm2s~‘,  Em  =  0.43  eV,  provided  that  trapping  of  H  at 
substitutional  acceptor  sites  is  correctly  taken  into  account.  From  the 
trap-limited  diffusion  analysis,  a  binding  energy  for  B-H  pairs  of  0.6  eV 
is  found,  in  agreement  with  theoretical  calculations. 

In  the  course  of  these  investigations  we  have  also  observed  that  surface 
oxide  layers  can  hinder  completely  the  diffusion  of  H  into  the  silicon 
bulk.  An  analysis  of  this  hindered  diffusion  in  samples  under  different 
biases  will  be  presented. 

'  Present  address:  Instituto  de  Ciencia  de  Materiales,  CSIC,  Serrano 
115  dpdo,  2S006  Madrid,  Spain 

G6.5 

MODELING  OF  THE  DIFFUSION  OF  HYDROGEN 
IN  SILICON.  D.  Mathiot,  CNET-CNS,  BP:  98. 

38243  Meylan  Cedek  (FTAn ce) ,  and  D.  Ballutaud,  P. 
de  Mierry  and  M.  Aucouturier,  Labo.  Physiques  des 
Solides,  CNRS,  1  Place  A.  Briand,,  92195  Meudon 
Principal  (France). 

A  model  is  proposed  to  describe  the  behaviour  of 
H  in  Si  at  moderate  temperatures.  It  is  assumed 
that  H  has  both  a  donor  and  an  acceptor  level  in 
the  band  gap,  and  thus  it  can  exist  in  the  three 
charge  states  H°.  H  +  and  H  “ .  The  bulk  diffusion 
of  hydrogen  is  slowed  down  by  the  formation  of  Ho 
molecules,  as  well  as  by  interactions  with  the 
dopant  atoms.  In  the  surface  region  the  high 

surface  concentration  measured  by  SIMS  is 
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attributed  to  the  trapping  of  H  atoms  on  plasma 
induced  extended  defects. 


Good  simulations  are  obtained  in  both  n  -  and 
p  -  type  Si,  for  various  doping  levels.  In  lightly 
doped  samples  a  comprehensive  description  of  the 
behaviour  of  H°  is  obtained  with  parameters 

consistent  with  the  high  temperature  data.  In 
order  to  obtain  the  most  reliable  values  for  the 
parameters  governing  the  behaviour  of  H+  and  H  ”  . 

we  will  report  simulations  of  experimental 

results  (SIMS  diffusion  profiles)  covering  a  wide 

range  of  substrate  doping  levels. 


G7.1 

THE  STRUCTURES  OF  ISOLATED  HYDROGEN  CENTERS  IN  SEMI¬ 
CONDUCTORS  INFERRED  FROM  MUONIUM.  T.  L.  E»tle.  Rice  Univ., 
Houston,  TX;  R.  F.  Kiefl,  TRIUMF,  Vancouver,  B.  C.,  Canada;  J.  W. 
Schneider,  Univ.  of  Zurich,  Zurich,  Switzerland;  and  C.  Schwab,  CRN, 
Strasbourg,  France. 

The  study  of  isolated  hydrogen  in  semiconductors  is  difficult  because  of 
the  tendency  for  hydrogen  to  form  complexes.  The  detailed  structural 
information  usually  obtained  from  EPR  and  ENDOR  has  been  absent  with 
the  single  exception  of  hydrogen  in  silicon1.  An  alternative  to  direct  studies 
of  hydrogen  exists  in  the  form  of  muon  spectroscopic  studies  of  muonium 
in  semiconductors1.  In  such  experiments  the  muon  is  essentially  an  isotope 
of  hydrogen  with  Jth  the  mass  of  the  proton.  Twenty  isolated  muonium 
centers  have  been  observed  in  tetrahedrally-coordinated  crystals  ranging 
from  Si  and  other  group- IV  crystals  to  the  copper  halides  (11  crystals  total). 
Muon  level-crossing  resonance  (;iLCR)  has  provided  detailed  structural 
models  for  neutral  interstitial  muonium  at  a  bond  center  in  silicon1  (the 
analog  of  the  hydrogen  center  seen  by  EPR1)  and  very  near  a  bond  center 
in  GaP  and  GaAs*. 

This  paper  will  review  these  measurements  and  discuss  the  structures  and 
their  metastabilities.  Comparison  will  be  made  to  the  EPR  work  on  Si1  and 
to  theoretical  studies  of  Si  and  initial  ones  on  Ge  and  GaAs.  In  addition 
recent  pLCR  results  on  the  metastable  and  stable  muonium  centers  in  the 
copper  halides  will  be  presented. 

1  Yu.  V.  Gorelkinskii  and  N.  N.  Nevinnyi,  Sov.  Tech.  Phys.  Lett.  13,  45 
(1987). 

1  R.  F.  Kiefl  and  T.  L.  Estle,  in  Hydrogen  in  Semiconductors,  ed.  by 
J  I.  Pankove  and  N.  M.  Johnson,  Academic  Press,  to  be  published. 

1  R.  F.  Kiefl,  et  a L,  Phys  Rev.  Lett.  60,  224  (1988). 

*  R.  F.  Kiefl,  et  at.,  Phys.  Rev.  Lett.  56,  1780  (1987). 


ment  with  those  obtained  from  muon-spin  rotation.  The  agreement 
found  in  this  case  instills  confidence  in  the  general  use  of  spin-densily- 
functional  calculations  for  predicting  hyperfine  parameters  of  defects. 

]C.  G.  Van  de  Walle,  P.  J.  H.  Denteneer.  Y.  Bar- Yam,  and  S.  T. 
Pantelides,  Phys.  Rev.  B.  39,  10791  (1989). 

JR.  F.  Kiefl,  M.  Celio,  T.  L.  Estle,  S.  R.  Kreitzman,  G.  M.  Luke,  T. 
M.  Riseman,  and  E.  J.  Ansaldo.  Phys.  Rev.  Lett.  60.  224  (1988). 


G7.3 

HYDROGEN  IN  CRYSTALLINE  SILICON  UNDER  COMPRESSION  AND 
TENSION  C.  S.  Nichols  and  D.  R.  Clarke  IBM  Research  Division,  T.  J. 
Watson  Research  Center,  Yorktown  Heights,  NY  10598,  USA 

The  behavior  of  hydrogen  In  crystalline  silicon  (c-Si)  has  been  investi¬ 
gated  as  a  function  of  pressure  using  first-principles  total-energy 
methods.  The  calculations  combine  density-functional  theory  with 
norm-conserving  pseudopotentials  and  large  supercells  to  explore  the 
stable  site  for  hydrogen  as  a  function  of  the  hydrogen  charge  state,  the 
Fermi  level,  and  the  lattice  constant. 

It  is  found  that,  for  moderate  pressures,  the  hydrogen  minimum  energy 
position  undergoes  a  transition  from  the  tetrahedral  interstitial  site  to 
the  bond-center  site.  For  the  positive  and  neutral  charge  states,  this 
transition  occurs  under  compression,  whereas  for  the  negative  charge 
state,  it  occurs  under  hydrostatic  tension. 

These  results  are  used  to  make  predictions  about  hydrogen  solubility 
in  c-Si  and  to  investigate  hydrogen  behavior  in  the  stress  fields  of  dis¬ 
locations,  grain  boundaries,  and  crack  tips.  Specifically,  application  of 
hydrostatic  pressure  to  p-type  Si  should  have  little  effect  on  the  hydro¬ 
gen  solubility  (up  to  *  5%  strain),  whereas  hydrogen  in  n-type  Si  be¬ 
comes  less  soluble  with  application  of  pressure.  Furthermore,  we 
predict  that  hydrogen  in  n-type  Si  should  form  a  Cottrell  atmosphere 
around  an  isolated  dislocation  core,  but  that  no  such  effect  should  be 
present  in  p-type  SI.  These  findings  may  be  generalized  to  the  case 
of  a  grain  boundary,  which  can  be  viewed  as  an  array  of  dislocation 
cores,  to  conjecture  that  grain  boundaries  in  n-type  material  may  be 
more  readily  passivated  than  those  in  p-type  material.  Finally,  we 
predict  that  hydrogen  preferentially  moves  to  the  bond-center  position 
In  p-type  SI  affecting  the  energy  of  cleavage  and  thereby  altering  the 
fracture  resistance.  No  such  effect  is  expected  in  n-type  Si. 

This  work  was  supported  in  part  by  ONR  Contract  No. 
N00014-88-C-0176. 


G7.2 

ELECTRONIC  STRUCTURE  AND  HYPERFINE  PARAMETERS 
FOR  HYDROGEN  AND  MUONIUM  IN  SILICON. 

Chris  G.  Van  de  Walle.  Philips  Laboratories,  BriarclifT  Manor,  NY 
10510. 

We  show  that  parameter-free  spin-density-functional  calculations  can 
yield  accurate  results  for  hyperfine  parameters  of  defects  in  semi¬ 
conductors.  First-principles  calculations1  have  recently  produced  a 
conclusive  picture  of  the  structural  properties  of  hydrogen  (or  its 
pseudo- isotope,  muonium)  as  an  impurity  in  crystalline  Si.  The  calcu¬ 
lated  structures  were  compared  with  those  obtained  from  an  analysis 
of  muon-spin-rotation  experiments,1  a  technique  (analogous  to  elec¬ 
tron  spin  resonance)  which  probes  the  interaction  between  electronic 
wavefunctions  and  nuclear  spins.  An  even  more  direct  link  between 
theory  and  experiment  can  be  established  if  hyperfine  parameters 
for  various  defect  structures  can  also  be  calculated  from  first  prin¬ 
ciples.  Pseudopotential-spin-density-functional  supercell  calculations 
are  used  here  to  obtain  values  for  isotropic  (contact  interaction)  and 
anisotropic  (dipole-dipole)  components  of  the  hyperfine  interaction. 
Both  types  of  paramagnetic  centers,  corresponding  to  the  tetrahe¬ 
dral  interstitial  site  ("normal  muonium”)  and  the  bond-center  posi¬ 
tion  ("anomalous  muonium")  yield  results  which  are  in  good  agree¬ 


G7.4 

ANALYSIS  OF  REAL-TIME  HYDROGENATION  DATA  FROM  P  AND  N-TYPE 
SILICON.*  Carleton  H.  Seayar  and  Robert  A.  Anderson, 

Sandia  National  Laboratories,  Albuquerque,  NM. 

The  results  of  analyzing  the  charge  density  data  obtained 
on  p  and  n-type  silicon  Schottky-barrler  structures  during 
H  Implantation  will  be  discussed.  In  p-type  samples,  the 
depletion  field  Induced  drift  of  positive  H  species  is 
consistent  with  a  high  (-10-l°cm2/sec)  value  of  the 
hydrogen  diffusivity  at  300K.  Capture  of  these  positive 
species  by  ionized  acceptors  proceeds  with  the  large 
capture  radius  (50-70  k)  expected  for  a  coulomb  assisted 
process.  At  low  electric  fields,  evidence  for  diffusion  of 
neutral  H  is  also  seen.  Furthermore,  we  observe  that  a 
substantial  fraction  of  hydrogenated  boron  acceptors  (10- 
20%)  convert  to  a  negative  charge  state  in  the  presence  of 
mobile  hydrogen. 

In  n-type  diodes,  H  passivation  of  phosphorus  donors 
proceeds  largely  by  diffusion  of  neutral  species;  in 
contrast  to  p-type  diodes,  high  depletion  fields  noticeably 
TRCETd  passivation,  indicating  that  occasional  conversion 
of  neutral  hydrogens  to  protons  is  occurring.  The  density 
of  positive  species  is  enhanced  near  the  metal/sillcon 
Interface,  apparently  due  to  electron  tunneling.  This 
causes  negative  voltage  shifts  of  Mott-Schottky  capacitance 
plots  and  enough  narrowing  of  the  diode  depletion  region  to 
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substantially  lower  the  diode  resistance.  These  latter 
effects  have  also  been  observed  on  diodes  not  H  Implanted 
but  merely  fabricated  on  wet-etched  silicon  surfaces. 

These  effects  disappear  after  short,  low- temperature 
anneals  which  out-diffuse  the  hydrogen. 

*Thls  work  was  performed  at  Sandia  national  Laboratories, 
supported  by  the  U.  S.  Department  of  Energy  under  Contract 
No.  DE-AC04- 76DP00789 . 

G7.5 

HYDROGEN  SEGREGATION  AT  AL/SI  INTERFACE 
STUDIED  BY  NUCLEAR  RESONANT  REACTION. 
Joyce  C.  Liu,  A.  D.  Marwick,  and  F.  K.  LeGoues,  IBM  Thomas  J. 
Watson  Research  Center,  Yorktown  Heights,  New  York  10598 

Hydrogen  segregation  at  the  interface  between  an  epitaxial  A1  film 
and  a  Si(lll)  wafer  is  studied  by  using  ‘H(l5N,  ay)nC  nuclear  reso¬ 
nant  reaction  analysis.  The  hydrogen  atoms  are  introduced  by  either 
low  energy  (500 eV)  implantation  or  cathodic  charging  in  HjSO,. 
Hydrogen  depth  profiles  show  that  hydrogen  atoms  diffuse  through 
the  150  nm  thick  Al  layer  during  the  hydrogenation  and  are  trapped 
at  the  Al/Si  interface.  The  amount  of  hydrogen  in  the  vicinity  of 
the  interface  is  in  the  order  of  10“/cmJ  after  a  sample  is  implanted 
with  7  x  10ir  H/cm3.  A  reduction  in  H  concentration  at  the  interface 
is  observed  after  thermal  annealing  and  the  binding  energy  of  the 
hydrogen  atom  to  the  interface  is  then  determined  from  kinetic  data. 
Ion  channeling  and  high  resolution  transmission  electron  microscopy 
are  also  used  to  characterize  the  microstructures  of  the  epitaxial  Al 
film  and  the  Al/Si  interface. 

G7 . 6 

DISSOCIATION  KINETICS  OF  SHALLOW  ACCEPTOR- 
HYDROGEN  PAIRS  IN  SILICON.  Zundel  T.  and  Weber  J., 
Max-Planck-Institui  fur  Festkorperforschung,  Heisenbergstr.l,  D-7000 
Stuttgart  80,  Federal  Republic  of  Germany 

We  determine  the  thermal  dissociation  kinetics  of  the  shallow  elec¬ 
trically  neutral  acceptor-hydrogen  complexes  (AH)  in  silicon  doped 
with  A=B,  Al,  Ga,  or  In.  Annealing  of  hydrogenat  '  p-type  crys¬ 
talline  silicon  with  a  reverse  bias  applied  to  a  Schottk,  diode  leads 
to  a  reactivation  of  the  acceptor  within  the  space  charge  region.  The 
hydrogen-acceptor  complex  can  thermally  dissociate,  and  the  released 
positively  charged  hydrogen  drifts  out  of  the  space  charge  region  un¬ 
der  the  electric  field.  Due  to  the  drift  effect  the  concentration  of  H  is 
negligible  in  the  high-field  region,  and  the  reaction  AH  ^A  +  H  only 
proceeds  to  the  right.  Therefore  the  dissociation  of  the  AH  complex 
follows  first-order  kinetics  throughout  the  entire  annealing  time.  The 
first-order  kinetics  permits  us  to  precisely  determine  the  dissociation 
frequency  vA  of  the  AH  pairs.  The  temperature-dependent  values  of 
vA  satisfy  the  relation  vA  =  voA  exp  ( -EA/kT ),  with  uoB  =  2.8  •  10M 
s‘\  Vom  =  3.1  •  1013  s'1,  i/oCa  =  6  9  •  1013  *"*,  and  voln  =  8.4  •  1013 
s'1.  The  dissociation  energies  EA  depend  only  weakly  on  the  accep¬ 
tors:  Eb  =  (1.28t0.03)eV,  EA,  =  (1.44t0.02)  eV,  E®,  =  (1.4010.03) 
eV,  and  E/„  =  (1.4210.05)  eV.  In  addition,  similar  measurements  on 
acceptor-deuterium  complexes  will  be  presented. 

G8.1 

HYDROGEN  COMPLEXES  IN  HI-V  SEMICONDUCTORS. 
Bernard  Pajot,  Groupe  de  Physique  des  Solides  de  TENS, 
Tour  23,  University  Paris  7.  2  place  Jussieu,  75251  Paris 
Cedex  05,  France. 

Hydrogen  can  bind  to  atoms  from  intrinsic  or  extrinsic  centers 


in  III-V  compounds.  This  generally  neutralizes  the  electrical 
activity  of  such  centers  and  the  understanding  of  this 
neutralization  goes  through  the  knowledge  of  the  microscopic 
structure  of  the  H-related  complexes.  Vibrational  spectroscopy 
of  the  H  bonds,  alone  or  coupled  with  uniaxial  stressing  of  the 
samples,  is  well  suited  to  this  purpose  as  its  results  are 
reasonably  independent  from  the  electrical  activity  of  the 
complexes. 


Results  are  presented  on  the  occurence, 
structure,  stability  and  atomic  reorientation  of  the  H-related 
complexes  associated  with  dopant  atoms  or  with  lattice  defects 
and  they  are  correlated  with  those  from  other  techniques  and 
also  compared  with  theoretical  estimates. 

G8.2 

Sr\-H  OCMPLEXES  IN  GaAs.  D.  M.  Kozuch.  Sherman  Fairchild 
Laboratory,  Lehigh  University,  Bethlehem,  PA;  M.  Stavola. 

S.  J.  Pear ton,  C.  R.  Abernathy,  and  J.  Lopata,  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ. 

Infrared  absorption  bands  due  to  the  H  vibrations  of  Sn-H 
complexes  in  GaAs  have  been  found  near  1328  and  749  cm' 1 
for  Sn-doped  epi layers  exposed  to  an  Ha  plasma.  These 
bands  are  assigned  to  H  stretching  and  wagging, 
respectively,  for  the  Sn-H  complex.  The  bands  shift  to 
lower  frequency  upon  substitution  of  D  for  H  confirming 
that  they  are  H  vibrations.  The  Sn-H  complexes  anneal  out 
near  288  °C  which  corresponds  to  a  dissociation  energy  of 
1.5  eV. 

It  is  interesting  to  compare  the  properties  of  donor-H 
complexes  in  Si  with  those  in  GaAs.  The  donor-H  complexes 
in  Si  have  nearly  identical  vibrational  frequencies  (~1560 
and  818  cm-1  for  P,  As,  and  Sb  donors.  In  GaAs,  there  is 
a  pronounced  dependence  of  the  frequencies  upon  the 
identity  of  the  donor  [the  Si-H  complex  in  GaAs  has 
vibrations  at  1717  and  897  cm-1,  Pajot  et  al.,  Phys.  Rev. 
B37,  4188  (1988),  which  are  very  different  from  those  of 
Sn-H  given  above].  From  a  comparison  to  the  vibrations  of 
other  dopant-H  complexes  whose  structures  are  known,  the 
vibrational  characteristics  suggest  that  the  H  occupies  an 
antibonding  site  in  all  of  the  donor-H  complexes.  However, 
it  is  known  only  for  GaAs:Si-H  that  the  H  is  at  the 
antibonding  site  adjacent  to  the  donor  and  not  at  a  more 
distant  antibonding  site.  The  implications  of  the 
donor -dependence  of  the  vibrational  frequencies  for  the 
structures  of  the  donor-H  complexes  in  the  tw«o  hosts  will 
be  discussed. 

G8.3 

REASSESSMENT  OF  ACCEPTOR  PASSIVATION  MECHANISM  IN  p-TYPE 
HYDROGENATED  GaAs.  l  Srsfranelr  and  GE.  Stillman,  Center  for  Compound 
Semiconductor  Microelectronics,  Material!  Research  Laboratory  and  Coordinated 
Science  Laboratory,  University  of  Illinois  at  Urbana  -  Champaign.  Urbana,  IL  61801. 


The  relative  thermodynamic  stability  of  passivating  complexes  of  hydrogen  with 
various  shallow  acceptors  in  p-type  GaAs  has  been  investigated.  High -resolution, 
liquid-He  temperature  photolummeacence  studies  of  hydrogenation  and  of  the  recently 
reported  light-induced  reactivation1  reveal,  that  group  (Heal  substitutional  acceptors 
Be,  Mg  and  Zn  are  neutralized  lea  effectively  and  are  more  susceptible  to  the  athomal 
reactivation  effect  than  group  RVasI  impurities  -  C,  Si  and  Ge.  Moreover,  significant 
differences  in  the  rate  and  extent  of  the  reactivation  have  bten  observed  between  Mg 
end  Be,  u  well  u  between  Si  aid  C.  The  presently  accepted  microscopic  models  of 
acceptor  passivation  in  p-type  GaAs,  that  imply  bond  rearrangements  and  changes  in  a 
local  lattice  coordination  in  order  to  satisfy  the  covalent  nature  of  hydrogen  bonding  in 
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the  defect  site,  cannot  fully  account  for  these  new  experimental  results. 

We  propose  a  modified  chemical  structure  of  the  passivating  hydrogen-acceptor 
complex  in  p-type  GaAs.  In  this  model  the  electrical  neutralization  is  simply  a  result 
of  Coulomb  attraction-assisted  dote  pairing  between  compensated  hydrogen  donors 
and  acceptor  impurities.  According  to  Hopfield's  analysis2,  in  such  ««wviai«t  ionized 
donor-acceptor  pairs  the  compensation  would  become  passivation  for  pair  separation 
shorter  than  the  effective  Bohr  radius  of  an  acceptor.  The  model  allows  for  a 
semiquantitative  prediction  of  the  relative  affinity  to  hydrogenation  and  the  stability  of 
the  resulting  neutralizing  complexes,  based  on  the  electronegativity  of  acceptor 
species,  in  general  agreement  with  our  measurements.  Kinetic  and  thermodynamic 
aspects  of  acceptor  passivation  and  reactivation,  consistent  with  the  proposed  binding 
configuration  of  hydrogen-acceptor  complexes,  will  be  discussed. 

This  work  was  summed  by  the  Joint  Services  Electronic!  Program,  under  contract  N 000 15- 
S4-C-0149.  the  National  Science  Foundation,  under  grants  DMR  86-12860  and  CDR  85- 
22666  and  by  SDtO/IST  contract  DAAL  03-87-K-0013. 

1.  I.Szafranek.  S.S.  Bose  and  G.E.  Stillman,  submitted  to  Appl.  Phyi.  Lett 

2.  JJ.  Hopfield,  in  "Phyrica  of  Semiconductors"  (Proc.  7th  lnL  Con/.).  p.  725  (Dunod.  Paris 
and  Academic  Press.  New  York.  1964). 

G8.4 

HYDROGEN  PASSIVATION  OF  INTERFACIAL  DEFECTS  IN 
MOCVD  GROWN  GaAs/InP.  VSwaminalhan,  U.  K.  Chakrabarti,  W. 
S.  Hobson,  R.  Caruso,  J.Lopata,  and  S.  J.  Pearton,  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ  07974 

The  results  of  a  low  temperature  (5K)  photoluminescence  study  of 
hydrogenation  of  GaAs  on  InP  grown  by  metal  organic  chemical  vapor 
deposition  are  presented.  An  emission  band  at  -1.42  eV  originating 
from  the  GaAs/InP  interfacial  region  shows  a  30  fold  increase  in 
intensity  relative  to  the  GaAs  band  edge  emission  after  exposure  to 
hydrogen  plasma  for  30  min  at  250  C.  This  improvement  in  intensity  is 
attributed  to  hydrogen  passivation  of  defects  at  the  heterointerface 
caused  by  the  large  (=  4%)  lattice  mismatch  between  GaAs  and  InP. 
The  passivation  effect  recovers  on  annealing  the  hydrogenated  sample  at 
350  C.  Excitation  dependence  of  the  1.42  eV  band  suggests  that  the 
interfacial  region  consists  of  a  compositionally  graded  layer.  Further, 
this  band  shifts  to  higher  energy  on  annealing  the  sample  in  the 
temperature  range  150-450  T?  with  the  hydrogenated  sample  exhibiting 
a  larger  shift  than  the  untreated  sample.  The  possible  reasons  for  these 
annealing  induced  peak  shifts  are  discussed  in  terms  of  the 
modifications  of  the  interfacial  region. 

G8.5 

PASSIVATION  OF  Zn  ACCEPTORS  IN  InGaAs  DURING  RIE  WITH 
CHF 3/ Hy  AND  CH4/H2 .  Martin  MChrle,  Heinrich-Hertz-Institut, 
Berlin,  FRG 

Reactive  ion  etching  (RIE)  of  dielectric  layers  and  of  InP 
related  compounds  with  gas  mixtures  of  CHFj/Hj  and  CH«/Hj, 
respectively,  are  well  established  techniques  for  fine- 
line  pattern  transfer.  However,  we  found  that  the  use  of 
such  hydrogen-containing  plasmas  leads  to  a  strong 
decrease  of  the  electrically  active  acceptor  concentration 
at  the  surface  of  highly  Zn-doped  InGaAs. 

IPE-grown  InQ.53Gao.47As  layers,  epitaxially  doped  with  Zn 
to  a  level  of  p  »  1*10,#  cm'1,  as  well  as  samples  with  hole 
concentrations  above  IO20  cm"1,  achieved  by  additional  Zn 
diffusion  from  the  vapour  phase,  were  exposed  to  CHFj/H* 
and  CH4/H2  plasmas,  respectively,  for  3... 9  min  in  a 
parallel-plate  RIE  system  operating  at  13.56  MHz. 
Electrochemical  C-V  profiling  revealed  a  reduction  of  the 
carrier  concentration  by  about  two  orders  of  magnitude  at 
the  surface.  The  depleted  regions  extended  to  a  depth  of 
30...80nm  into  the  layer:  Moreover  Ti/Pt/Au  contacts 
applied  to  pMnGaAs  after  RIE  etching  using  the  above  gas 
mixtures  exhibited  strongly  non-ohmlc  characteristics, 
whereas  on  as-diffused  samples  a  linear  behaviour  with  low 
resistivities  of  typically  <10'6  Qcm2  Is  obtained.  No  such 
effects  were  observed  after  RIE  with  CF4  or  CF4/O j,  which 
indicates  that  hydrogen  plays  a  crucial  r81e  for  the 


observed  passivation  of  Zn  acceptors. 

A  moderate  temperature  treatment  (330“C,  20  min)  resulted 
in  a  complete  reactivation  of  the  passivated  acceptors,  as 
inferred  from  profile  measurements.  Furthermore  the 
linearity  of  contact  characteristics  was  re-established  by 
this  annealing  procedure. 

G9 . 1 

OPTICAL  ABSORPTION  OF  DEEP  DEFECTS  IN 
NEUTRON  IRRADIATED  SEMI-INSULATING  GaAs. 
M.  0.  Manasreh,  Materials  Laboratory  (WRDC/MLPO),  Wright 
Research  and  Development  Center,  Wright-Patterson  Air  Force  Base, 
Ohio  45433-6533,  and  P.  J.  Pearah.  Spectrum  Technology 
Incorporated,  6  October  Hill  Drive,  Hollison,  MA  01746. 


Two  defects  were  observed  in  thermal  neutron  irradiated  semi- 
insulating  LEC  GaAs  materials  by  using  the  infrared  absorption 
technique.  The  first  defect  was  observed  before  thermal  annealing  and 
it  has  a  broad  peak  at  -0.83  eV.  The  second  defect  was  observed  after 
annealing  the  sample  at  250  ‘C  for  15  min.  The  latter  defect  is  an  EL2 
-  like  defect,  but  is  thermally  unstable  at  400  "C  with  a  concentration  of 
about  an  order  of  magnitude  larger  than  [EL2]  observed  in  as  grown 
LEC  materials.  Both  defects  were  found  to  photoquench  with  white 
light  or  1.1  eV  monochromatic  light  at  9  K  and  thermally  recovered  at 
150  K.  The  concentration  of  the  EL2  -  like  defect  is  reduced  from 
8.5xl016cm"3  after  annealing  the  sample  at  300  ”C  for  15  min  to 
2xl016cm"3  after  annealing  at  400  'C  for  15  min.  This  defect  becomes 
unquenchable  after  the  latter  annealing  conditions.  An  explanation  for 
this  behavior  is  offered. 

G9 . 2 

RECOVERY  OF  THE  METASTABLE  EL2  DEFECT  IN 
GaAs  UNDER  MONOCHROMATIC  LIGHT 
ILLUMINATION.  M.  O.  Manasreh  and  D.  W.  Fischer,  Materials 
Laboratory  (WRDC/MLPO),  Wright  Research  and  Development 
Center,  Wright-Patterson  Air  Force  Base,  Ohio  45433-6533. 

The  infrared  absorption  technique  is  used  to  study  the  recovery  of  the 
EL2  metastable  state  in  semi-insulating  GaAs  under  monochromatic 
light  illumination.  The  induced  optical  recovery  is  monitored  after  low 
intensity  (£  2  mW/cm2)  irradiation  in  the  energy  range  of 
0.7  £  hv  <,  1.5  eV.  The  data  exhibit  a  complex  structure  consisting  of 
a  broad  band  around  0.9  eV  and  a  set  of  multiple  sharp  peaks  between 

I. 44  and  1.5  eV.  This  recovery  is  strongly  dependent  on  the  sample, 
temperature  and  illumination  time.  The  present  results  suggest  that 
a)  the  existing  data  and  theoretical  predictions  for  the  Asca  antisite 
structure  are  not  compatable  with  the  optical  recovery  data,  b)  EL2  is 
affected  dramatically  by  other  defects  (traps)  present  in  the  sample  and 
c)  the  peaks  observed  in  the  optical  recovery  data  are  coincident  with 
the  arsenic  vacancy  energy  levels  and  therefore  the  present  results 
support  the  proposed  complex  models  involving  an  arsenic  vacancy. 

G9.3 

EL-2  DEFECT  FORMATION  AND  CARBON  INCORPORATION 
IN  GaAs  GROWN  BY  ORGANOMETALLIC  VAPOR  PHASE 
EPITAXY.  R.  Venkataaubramanian.  Research  Triangle  Park,  NC; 

J. M.  Borrego  and  S.K.  Ghandhi,  Rensselaer  Polytechnic  Institute, 
Troy,  NY  12157. 

A  study  of  impurities  and  defects  in  epitaxial  GaAs  grown  by 
organometallic  vapor  phase  epitaxy  (OMVPE),  which  provides  in¬ 
formation  about  the  nature  of  organometallic  growth  process,  is  pre¬ 
sented. 

EL-2  is  a  commonly  observed  deep-level  and  carbon  is  an  important 
residual  acceptor  impurity  in  OMVPE  grown  n-GaAs.  A  concurrent 
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monitoring  of  the  concentration  of  these  two  defects,  as  a  function 
of  growth  conditions  such  as  arsine  partial  pressure,  TMGa  partial 
pressure  and  growth  temperature,  has  been  used  to  understand  the 
thermochemistry  of  arsine  in  the  OMVPE  GaAs  process.  The  con¬ 
centration  of  EL-2  in  unintentionally  doped  n-GaAs,  as  measured  by 
Deep  Level  Transient  Spectroscopy,  has  been  evaluated  in  samples 
grown  under  conditions  where  intrinsic  carrier  levels  exist.  An  anti¬ 
site  (As0a)  defect  formation  mechanism  during  OMVPE  growth,  at 
various  growth  temperatures,  is  developed  based  on  these  results. 

The  relative  variation  of  carbon  levels  was  monitored  by  photolumi¬ 
nescence  measurements  taken  at  4K,  under  the  same  set  of  growth 
conditions.  Based  on  this  study  and  the  EL-2  study,  it  is  concluded 
that  the  increase  in  carbon  levels  with  growth  temperature  is  due  to 
gas-phase  loss  of  the  H  radical  from  As-H  growth  species. 

G9.4 

DX-CENTER  IN  Se-DOPED  AlxGa|.xAs  Thoms.  Hanak* 
University  of  Denver.  Department  of  Physics.  University  Park, 
Denver,  CO  80210:  Assem  Bakry  and  Richard  K.  Ahrenkiel,  Solar 
Energy  Research  Institute,  1617  Cole  Blvd..  Golden,  CO  80401;  and 
Michael  L.  Timmons,  Research  Triangle  Institute,  Research 
Triangle  Park,  NC,  27709-2194.  ‘Work  performed  at  the  Solar 
Energy  Research  Institute. 

We  report  the  measurement  of  the  activation  energy  for  the  DX- 
cemer  in  Se-doped  AlxGai-xAs  grown  by  metal-organic  chemical 
vapor  deposition  (MOCVD)  for  different  alloy  compositions.  The 
peaks  obtained  from  conventional  DLTS  are  often  asymmetric 
with  shoulders  on  one  or  both  sides.  These  shoulders  often  arise 
from  two  or  more  traps  which  are  active  in  the  same  temperature 
range. 

The  capacitive  transients  are  recorded  digitally  and  analyzed 
directly  by  applying  a  nonlinear  double  exponential  fitting 
routine  to  the  data.  This  fitting  produces  two  Arrhenius  plots  and 
yields  the  densities  of  the  defect  states.  From  the  Arrhenius  plots, 
the  capture  cross  sections  at  infinite  temperature  and  the 
activation  energies  are  calculated.  These  results  are  then  used  to 
simulate  the  DLTS  spectra.  Excellent  agreement  between  real  and 
simulated  spectra  is  shown. 


G9.6 

BURIED  AMORPHOUS  LAYERS  IN  GALLIUM  ARSENIDE. 
Dipankar  Seneupta.  Mark  C.  Ridgway,  John  M.  Zemanski  and 
Steven  T.  Johnson,  Microelectronics  and  Materials  Technology 
Centre,  Royal  Melbourne  Institute  of  Technology,  Melbourne, 
Victoria,  3000,  Australia. 

It  has  been  possible  to  produce  buried  amorphous  layers  in 
semi— insulating  Gallium  Arsenide  (GaAs)  by  implanting  ISOkeV 
Oxygen  (O  )  ions  to  a  dose  of  7  x  10l5/cm2  at  room  temperature. 

The  layers  are  usually  of  *3500A  thickness  and  the  interface  with 
crystalline  material  lies  at  a  depth  of  "2000A  from  the  surface. 
Implantations  carried  out  at  lower  sample  temperatures  resulted 
in  a  continuous  amorphous  layer  formation  starting  at  the 
surface.  When  implantation  was  done  at  higher  sample 
temperatures  no  amorphous  layer  was  forme!  due  to 
self-annealing. 

The  regrowth  characteristics  of  the  amorphous  layer  into 
crystalline  material  are  now  being  studied  using  time  resolved 
reflectivity  and  Rutherford  backscattering  spectroscopy  combined 
with  channeling.  The  regrowth  of  amorphous  material  in  contact 
with  the  bulk  undamaged  GaAs  (deep  amorphous/crystalline 
interface)  shows  a  temperature  dependence  with  the  activation 
energy  of  1.3eV  which  is  in  reasonable  agreement  with  earlier 
works  [I).  The  regrowth  rate  shows  an  interesting  depth 
dependence  to  be  presented  in  the  paper.  The  regrowth 
behaviour  of  amorphous  material  in  contact  with  the  heavily 
damaged  surface  layer  (shallow  amorphous/crystalline  interface) 
is  now  under  detailed  investigation. 

The  results  of  these  experiments  will  help  clarify  whether  the 
damage  present  in  the  crystalline  layer  has  any  effect  on  the 
kinetics  of  the  regrowth  process. 

[1]C.  Licoppe,  Y.I.  Nissim  and  C.  Meriadec,  J.  Appl.  Phys.  58, 
3094  (1985)  and  references  therein. 

G9.7 

NEW  GERMANIUM-RELATED  DONOR  IN  NEUTRON-IRRADIATED 
GALLIUM  PHOSPHIDE.  J.  Barczynska  and  E. Go  Id vs, 
Institute  of  Experimental  Physics,  Warsaw 

University,  00-681  Warsaw,  Hoza  69,  Poland. 


G9 . 5 

A  M00EL  OF  Si  DIFFUSION  IN  GaAs  BASED  ON  THE  FERMI-LEVEL 
EFFECT.  Shaofenq  Yu,  Ulrich  M.  Gosele,  and  Teh  Y.  Tan. 
Department  of  Mechanical  Engineering  and  Materials 
Science,  Duke  University,  Durham,  NC  27706 
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high  concentrations  Sit  and  SIT  c 
behavior  of  Si  may  De  viewed 


We  propose  a  quantitative  model  for  Si  diffusion  in 
GaAs.  In  this  model  we  incorporate  the  experimental 
result  that  Si  is  an  amphoteric  impurity  which  constitutes 
a  shallow  donor  when  occupying  the  Ga  site.  Si-  ,  and  a 
shallow  acceptor  when  occupying  the  As  site,  Sit.  At 

‘IT  coexist.  The  ampnoteric 
may '"be  viewed  as  an  effect  of  the 
Fermi-level.  We  assume  that  Si q  and  Sit  diffuse 
respectively  on  the  Ga  and  As  sublattices.  Tim  is,  the 
diffusion  of  Si£  and  SiT  is  governed  by  the  variously 
charged  Ga  lJvacancies/'s  and  As  vacancies  (or 
self-interstitials)  respectively.  The  experimentally 
observed  Si  diffusivity  is  concentration  dependent  which 
results  from  the  Si  amphoteric  nature  as  well  as  from 
another  effect  of  the  Fermi-level,  which  Is  its  influence 
on  the  concentrations  of  the  charged  point  defect  species. 
Satisfactory  quantitative  descriptions  of  available 
experimental  results  are  obtained.  An  analysis  of  the 
data  on  Si  diffusion  into  a  Sn-doped  GaAs  substrate  has 
led  us  to  believe  that  the  previously  proposed  Si-pair 
diffusion  model  may  no  longer  be  favored. 


Neutron  transmutation  doping  is  a  standard  method 
to  obtain  n-type  silicon.  The  similar  procedure  of 
thermal  neutron  irradiation  and  subsequent 
annealing  has  been  applied  to  GaP.  Ga  and  P  atoms 
transmute  to  Ge  and  S  which  are  both 
substitutional  donors  in  GaP.  The  concentration  of 
Ge  in  our  samples  was  1.1  *10i®/cm8  ,  the 
additional  S  concentration  was  7*10i4/cm3.  The 
side  effect  of  the  irradiation  is  the  creation  of 
different  structural  defects  leading  to  the 
lowering  of  the  Fermi  level  into  the  midgap.  The 
induced  defects  disappear  almost  completely  after 
annealing  for  lh  at  800°C.  The  annealing  in  itself 
does  not  lead  to  defect  creation.  We  have  measured 
the  absorption  coefficient  and  photoconductivity 
for  photon  energies  between  0.25  eV  and  2.2  eV , 
the  dependence  of  resistivity  vs.  temperature  and 
the  sign  of  thermoelectric  power  for  such 
irradiated  and  annealed  samples.  The  dominant 
feature  in  the  absorption  spectra  resembles  the 
photoionisation  of  a  moderately  deep  (0.45  eV) 
center.  The  similar  structure  can  be  also  observed 
in  photoconductivity.  The  sign  of  thermoelectric 
power  indicates  that  the  samples  are  n-type.  The 
resistivity  is  thermally  activated  with  the 
activation  energy  0.43  eV.  These  results  can  be 
interpreted  as  due  to  the  donor  level  at  0.43  eV 
under  the  c.  b.  which  is  photoionised  by  light 
with  energy  greater  than  about  0.5  eV.  Large 
concentration  of  this  center  suggest  that  it  is 
germanium-related. 
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G9.8 

DIFFUSION  OF  Ga  VACANCIES  AND  Si  IN  GaAs.  K.B. 
Kahen.  D.J.  Lawrence,  D.L.  Peterson,  and  G. 
Rajeswaran,  Corporate  Research  Laboratories, 
Eastman  Kodak  Company,  Rochester,  New  York,  14650. 

All  impurity  diffusion  processes  involve  the 
motion  of  intrinsic  point  defects,  such  as  vacan¬ 
cies.  The  specific  example  of  Si  diffusion  in  GaAs 
will  be  examined.  Using  the  Si-pair  diffusion 
formalism  of  Greiner  and  Gibbons,  a  new  Si  diffu¬ 
sion  model  is  developed  based  on  the  dominant 
diffusion  species  being  SiGa-Vga  pairs,  where  VGa 
is  the  Ga  vacancy.  In  the  model,  the  unknown  para¬ 
meters  are  the  pair  diffusion  coefficient  (Dp)  and 
the  equilibrium  constant,  which  are  fitted  to  the 
experimental  data.  Dp  is  derived  to  be  equal  to 
one-half  the  Ga  vacancy  diffusivity.  Next,  an 
experiment  to  determine  the  VGa  diffusivity,  Dv, 
is  described,  and  it  is  shown  that  the  fitted  Dp 
values  approximately  equal  0.5  Dv.  The  derivation 
of  Dv  is  based  on  the  observation  that  capping  a 
GaAs  quantum  well  sample  with  Si02  enhances  the 
thermal  intermixing  of  the  wells.  This  enhancement 
is  assumed  to  result  from  the  introduction  of 
additional  V<-a  into  the  sample.  The  intermixing 
was  monitored  by  measuring  the  photoluminescence 
shifts  of  the  first  electron-heavy  hole  peaks 
following  annealing  of  the  samples  from  800  to 
1025°C.  The  measured  shifts  were  compared  with 
the  theoretical  predictions.  A  relation  for  Dv 
of  the  form  0.962  exp (-2. 72  eV/kT)  cro2/s  was 
obtained.  Using  this  result,  the  equilibrium  VGa 
concentration  (Cy)  was  computed  via  an  ensemble 
Monte  Carlo  simulation.  The  derived  expression  for 
Cv  was  1.25  X  1031  exp(-3.28  eV/kT)  cm-3. 


G9.9 

MECHANISM  FOR  THE  DIFFUSION  OF  Zn  IN  GaAs.  K.B. 
Kahen,  Corporate  Research  Laboratories,  Eastman 
Kodak  Company,  Rochester,  New  York,  14650-2011. 

The  diffusion  profile  of  Zn  in  GaAs  is  kinked  for 
most  processing  conditions.  A  model  is  presented 
to  explain  this  phenomenon.  The  basis  for  the 
model  is  that  Zn  diffuses  by  an  interstitial- 
substitutional  mechanism.  The  Frank-Turnbull  mech¬ 
anism  is  invoked  to  govern  the  interchange  between 
interstitial  Zn  (Zn^)  and  substitutional  Zn  (Zns) , 
via  the  Ga  vacancies  (VGa) .  These  vacancies  are 
proposed  to  be  either  neutral  or  singly-ionized, 
depending  on  the  position  of  the  Fermi-level.  The 
temperature  dependence  of  the  ionization  level  is 
given  by  the  Van  Vechten-Thurmond  model  of  the 
entropy  of  defects.  In  addition,  two  physical 
phenomena  are  proposed.  Interstitial  Zn  is  gener¬ 
ated  not  only  at  the  sample  surface  but  also  by 
the  thermal  dissociation  of  Zns  into  Zn^  and  VGa. 
The  second  phenomenon  is  the  formation  of  a 
neutral  Coulomb  pair  between  the  the  donor,  Zn;  +  , 
and  the  acceptor,  Zn3".  This  pairing  is  favored 
energetically  since  it  reduces  the  number  of 
isolated  point  charges.  The  pairing  leads  to  the 
diffusivity  of  Zn^  being  a  decreasing  function  of 
the  concentration  of  7.n«  since  Zn-  is  relatively 
immobile.  The  results  of  the  model  are  compared 
with  the  kinked  Zn  profiles  of  Tiwari  et  al.(l). 

A  fit  is  made  to  the  data  at  one  temperature.  The 
results  of  the  model  are  shown  to  be  in  good 
agreement  with  the  profiles  at  other  temperatures 
using  only  one  adjustable  parameter,  the  diffus¬ 
ivity  of  Zn^  in  undoped  GaAs. 

1.  S.  Tiwari,  J.  Hintzman,  and  A.  Callegari, 

Appl.  Phys.  Lett.  51,  2118  (1987). 

G9.10 

DEFECTS  IN  THE  NEAR-SURFACE  REGION  OF  2.5  MeV 
“0  +  IMPLANTED  n-GaAa.  C^C^Tln  and  P.A.  Earn**, 
Dapc.  of  Phyalca,  Auburn  University,  AL  36849; 
T.T.  Bardin  and  J.C.  Pronko,  Loekhaad  Rasaarch  & 


Development  Div.,  091-10,  B203,  3251  Hanover  St., 
Palo  Alto,  CA  94304. 

MeV  ion  implantation  in  GaAs  is  known  to  cause 
amorphizatlon  of  the  region  at  the  end  of  the  ion 
range.  The  near-surface  region,  however,  it  still 
crystalline  albeit  heavily  compensated.  Ve  have 
carried  out  deep  level  transient  spectroscopy 
(DLTS)  studies  of  the  defect  levels  in  the  near¬ 
surface  region  of  n-GaAs  samples  implanted  with 
different  doses  of  2.5  MeV  '*0  +  ions. 

A  comparison  between  the  defect  structures  in  the 
original  and  the  implanted  samples  shows  that 
implantation  produced  a  broad  range  of  defect 
levels  ranging  from  0.58  to  0.3  eV  from  the  cond- 
duction  band  edge.  This  broad  range  of  defects 
has  an  unusually  large  capture  cross -section.  The 
intensities  of  the  DLTS  peaks  increase  with  the 
dose  of  >*0+  ions.  The  presence  of  EL2 ,  which  was 
present  in  Che  original  samples,  was  not  observed 
in  the  implanted  samples. 

Results  from  measurements  made  on  samples  chat 
have  been  implanted  at  200  °C  and  on  implanted 
samples  subjected  to  rapid  thermal  annealing  will 
also  be  discussed. 

G9.ll 

DEEP  LEVEL  LUMINESCENCE  IN  InP:  PHONON  FEATURE  ANALYSIS 
S.Banerjee,  A. K.Srivastava  and  B.M.Arora,  T.I.F.R.,  Homi 
Bhabha  Road ,  Bombay,  India. 

There  are  several  recent  reports  on  deep  level  lieninescence 
in  InP.  The  deep  level  luminescence  in  InP  is  characterised 
by  broad  overlapping  bands  which  have  been  assigned  to 
native  defects  and  impurities  like  Fe,  Mn,  etc.  Presence  of 
several  bands  in  random  proportions  in  different  samples 
has  caused  problem  in  obtaining  their  parameters  uniquely. 
Strong  phonon  features  for  Fe  and  Mn  in  InP  have  been 
identified;  however,  the  reported  results  do  not  agree  due 
to  lack  of  detailed  lineshape  analysis.  The  lineshape 
analysis  of  the  band  C  related  to  a  native  defect  is  far 
from  satisfactory.  Hence,  there  is  a  need  to  obtain  accu¬ 
rate  parameters  which  can  describe  the  experimental  spectra 
due  to  these  impurities  or  defects,  uniquely. 

We  have  measured  photoluminescence  of  deep  levels  due  to 
Fe,  Mn  and  band  C  in  InP  at  10K.  For  the  first  time,  line- 
shape  analysis  using  configuration  coordinate  model  has 
resulted  in  consistent  parameters  (see  Table)  describing 
each  defect  uniquely.  Strong  TO  phonon  coupling  in  all 
three  defects  was  observed  in  all  samples.  The  spectral 
features  obtained  for  several  samples  can  be  consistently 


described  by  a  composite  of 

one  or  more  of 

these  defects 

present  in 

different  proportions. 

Band  Zero 

Phonon  Energy 

Phonon  Energy 

Huang-Rhys  Coeff 

(eV) 

(eV) 

Fe 

1.142 

0.039 

2 

Mn 

1.185 

0.039 

1.4 

Band  C 

1.113 

0.039 

1  .5 

G9.12 

OPTICAL 

ABSORPTION 

AND  PHOTOLUMINESCENCE 

FROM  LOCALIZED  STATES  IN  HEAVILY  DOPED 
InGaAsP:Ge.  R.Ra jalakshmi;  and  B.M.Arora  , 
T.I.F.R  ,  Bombay  ,  India . 

The  absorption  spectra  (80K-300K)  of  heavily 
doped  In .  uGa .  j*As  .  «oP  .  »o:  Ge  shows  a  prominent 
Urbach  tail  and  the  photoluminescence 
(14K-200K)  shows  a  broad-band  emission  below 
the  band  gap  energy.  The  experimental  results 
are  compared  with  the  calculated  spectra 
involving  transitions  between  the  conduction 
band  states  and  the  disorder  induced  tail 
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states  above  the  valence  band  edge . 

Photoluminescence  calculation  shows  that 
the  observed  band  is  a  superposition  of  several 
Stokes-shifted  phonon  replicas  with  the 
Huang-Rhys  factor»3.  The  zero  phonon  line 
shape  is  obtained  by  assuming  an  exponential 
density  of  states  at  valence-band  edge  ,  a 
constant  transition  matrix  element,  and  a 

non-equilibrium  distribution  function  for 

holes  which  takes  into  account  the  capture 
and  emission  kinetics  of  the  tail  states. 

The  absorption  spectra  are 

calculated  considering  band-to-band  transitions 
as  well  as  tail-to-band  transitions 

accompanied  by  phonon  interaction  .  A 
peculiarity  of  these  materials  is  that  to 
obtain  good  quality  fitting  of  the 
calculated  spectra  to  the  measured  results,  a 
reduced  value  of  the  electron  Fermi  level  is 
necessary  as  compared  to  the  value  obtained  from 
the  Hall-electron  concentration. 

G9.13 

VOID  FORMATION  AND  THE  CORRELATION  WITH  THE 
REDUCTION  OF  CARRIER  CONCENTRATION  IN  Si- 
IMPLANTED  GaAs .  Kei-Yu  Ko.  Samuel  Chen,  S.-Tong 
Lee,  Longru  Zheng,  Corporate  Research 
Laboratories,  Eastman  Kodak  Company,  Rochester, 
New  York  14650,  and  T.Y.  Tan,  Department  of 
Mechanical  Engineering  and  Materials  Science, 
Duke  University,  Durham,  NC  27706,  and 
Microelectronics  Center  of  North  Carolina, 
Research  Triangle  Park,  NC  27709. 

Small,  near-spherical  voids  were  recently 
observed  in  the  near-surface  region  of  ion- 
implanted  and  annealed  GaAs.  We  report  the 
measurements  of  dopant  and  carrier 
concentration  profiles  of  GaAs  implanted  with 
220  kev  si  at  doses  varying  from  3xl013  cm"2  to 
lxlO15  cm-2  and  annealed  at  850°C  for  one  hour. 

In  high-dose  implanted  samples  voids  were  found 
in  the  near-surface  region  by  transmission 
electron  microscopy.  In  the  same  region 
secondary  ion  mass  spectroscopy  measurement 
revealed  an  inhibition  of  dopant  diffusion 
while  C-V  profiling  measurement  showed  a  severe 
reduction  of  carrier  concentration.  The 
correlation  between  the  presence  of  voids  and 
the  suppression  of  carrier  concentration  is 
discussed. 

G9.14 

DISORDER  INDUCED  BAND  TAILING  EFFECTS  ON  DEEP 
LEVELS  IN  SEMICONDUCTORS.  A.  A.  Teate  and  nTcT 
Haider,  Department  of  Physics,  Univ.  South 
FL,  Tampa,  FL  33620. 


We  have  investigated  the  effects  of  disorder 
induced  band  tailing  on  deep  levels  in  com¬ 
pound  semiconductor  alloys,  such  as  AlxGa,.xAs 
and  lnxGa,.xAs.  In  particular,  we  have 

eliminated  the  assumption  of  Gaussian  broadening 
of  the  defect  density  of  states  proposed  earlier 
by  others  on  the  basis  of  the  central  limit 
theorem.  Since  in  GaAs,  GaAs-alloys,  and  many 
disordered  systems  exponential  absorption  edges 
have  been  observed,  we  expect  the  density  of 
states  (DOS)  should  asymptotically  exhibit  this 
behavior,  which  may  be  represented  by  the  con¬ 
volution  of  the  sharp  level  DOS  and  the  dis¬ 
ordered  broadening  function  extending  well  into 
the  energy  gap.  The  expressions  derived  for  the 
transient  capacitance  in  the  presence  of  the 


disorder  induced  band  tailing  are  quite  different 
from  the  results  published  previously  by  Das  et 
al.  We  applied  this  theory  to  investigate  the 
deep  level  transient  upectra  ( DLTS )  and  isother¬ 
mal  capacitance  transient  spectra  (ICTS)  in 
AlxGa,.xAs  and  InxGa,.?As.  Our  results  indicate 

that  standard  experimental  measurements  with  DLTS 
and  ICTS,  in  general,  can  overestimate  the  acti¬ 
vation  energy,  capture  cross-section,  etc  even 
in  the  case  of  weak  disorder.  Finally,  a 

comparison  between  the  simulated  and  measured 
DLTS  and  ICTS  show  some  new  results. 

G9.15 

SURfACE  AND  INTERFACE  DAMAGE  CHARACTERIZATION  OF  REACTIVE 
ION  ETCHED  MBE  REGR0WN  GaAs.  M.W.  Cole.  M.  Dutta,  J.  Rossa- 
bi*,  Doran. D.  Smith  and  J.L.  Lehman+,  US  Army  ETDL,  Ft. 
Monmouth,  N.J.  07703,  Quest  Tech,  Inc.,  Eatontown,  N.J. 
07724,  +  JE0L,  USA  Inc.,  Peabody,  Mass  01960. 


In  this  study  damage  resulting  from  reactive  ion  etching 
(RIE)  and  wet  etching  of  MEE  grown  GaAs  and  the  defects 
generated  in  subsequent  regrowth  has  been  evaluated  by 
several  techniques.  The  four  MBE  grown  GaAs  samples  ana¬ 
lyzed  were  cleaved  from  the  same  wafer,  three  of  which  were 
reactively  etched  with  HC1  at  300W  and  150W,  CI2  at  150W 
while  the  fourth  was  wet  etched  in  a  solution  of 
H2O : H3PO4 : H2O2  as  a  comparison.  All  were  then  regrown 
together  to  keep  the  growth  conditions  the  same.  Photolumi¬ 
nescence  (PL)  spectra  were  taken  at  different  temperatures 
and  a  fit  was  obtained  to  the  temperature  dependence  of  the 
PL  intensities.  The  L0  phonon  intensities  measured  by  room 
temperature  Raman  spectroscopy  showed  a  strong  correlation 
to  the  relative  PL  intensities,  where  the  HC1  sample  was 
found  to  be  Inferior  to  the  others.  TEM  microstructural 
evaluation  showed  both  HC1  RIE  samples  to  have  significant 
interface  roughness,  with  the  sample  etched  at  300W  showing 
the  most  structural  damage  in  the  regrowth  region.  Defects 
were  dominated  by  microtwins  on  (111)  planes  with  average 
width  of  85nm  (300W)  and  50nm(150W).  High  densities  of 
dislocation  tangles  were  evident  in  the  150W  HC1  sample. 
Defect  densities  for  the  CI2  and  wet  etched  samples  were 
three  times  lower  than  that  of  the  HC1  etched  samples. 
Lattice  damage  in  the  CL2  and  the  wet  etched  samples  con¬ 
sisted  primarily  of  dislocations  emanating  from  the  inter¬ 
face  region  and  a  few  narrow  18nm  microtwins.  The  extent  of 
disorder  in  the  regrowth  region  was  largest  for  the  HC1 
sample  (233nm)  versus  narrower  defect  band  for  the  CL2  and 
wet  etch  samples  of  142nm  and  166nm  respectively. 

G9.16 

DIFFUSION  OF  ION-IMPLANTED  TIN  IN  GALLIUM  ARSENIDE. 

E  L.  Allen.  Department  of  Materials  Science  and  Engineering, 
Stanford  University;  M.D.  Deal  and  J.D.  Plummer,  Integrated 
Circuits  Laboratory,  Stanford  University,  Stanford,  CA  94305. 

Group  IV  atoms  are  used  as  n-type  dopants  in  GaAs,  but  their 
diffusion  behavior  is  not  well  understood.  The  diffusion 
mechanism  of  all  Group  IV  n-type  dopants  appears  to  be  the 
same,  and  by  studying  tin,  which  has  a  high  diffusivity,  the 
relative  effect  of  implant  damage  on  diffusion  can  be  extracted. 

The  diffusion  of  ion  implanted  tin  in  gallium  arsenide  was 
investigated  as  a  function  of  temperature,  dose,  background 
doping,  and  encapsulant  properties.  The  chemical  depth 
profiles  were  determined  with  SIMS  and  the  carrier  profiles 
were  determined  by  Polaron  CV  Profiling.  The  data  was  fit 
using  a  numerical  process  simulator,  SUPREM  3.5.  Tin 
diffusivity  was  found  to  depend  on  the  square  of  the  electron 
concentration  via  the  Fermi  level  effect.  Implant  damage  plays 
a  significant  role  in  limiting  diffusion  in  the  near-surface 
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implanted  region,  while  enhancing  diffusion  on  the  bulk 
side  of  the  implant. 

In  this  paper  the  results  of  the  tin  diffusion  experiments  are 
presented  and  discussed.  The  behavior  of  tin  is  compared  to 
that  of  of  ion-implanted  germanium  and  silicon. 

G9.17 

Pd/Au.Bc  OHMIC  CONTACT'S  TO  p-TYPE  GaAs.  KM.  Schmitz,  K 
Jiao,  R.  Sharma  and  WA  Anderson.  Center  for  Electronic  and 
Electro-optic  Materials,  Department  of  Electrical  and  Computer  En¬ 
gineering,  State  University  of  New  York  at  Buffalo,  Buffalo,  NY 
14260;  G.  Rajeswaran  and  L.R.  Zheng,  Corporate  Research 
Laboratory,  Eastman  Kodak  Company,  Rochester,  NY  14650;  M.W. 
Cole,  U.S.  Army  Electronics  Technology  and  Devices  Laboratory,  Fort 
Monmouth,  NJ  07703. 

Stable,  low  resistance  ohmic  contacts  to  p-type  GaAs  were  studied  for 
use  in  semiconductor  laser  applications.  Comparison  was  made  be¬ 
tween  Cr/Au,  Pd/ Au,  Au:Be  and  Pd/Au:Be  metallizations.  Regions  of 
p+  were  formed  in  N-type  GaAs  by  ion  implantation  of  Zn  followed 
by  rapid  anneal  at  900°C  for  5s  compared  to  a  spin-on  source  which 
was  rapid  diffused  at  9S0°C  for  6s.  Surface  doping  of  2x10  -2x10" 
/cm3  junction  depths  of  0.2 -0.4  were  determined  by  SIMS, 

groove  and  stain,  and  electrochemical  profile.  Metallizations  were  ac¬ 
complished  by  thermal  evaporation  with  a  base  pressure  of  Z4xl0 
Torr.  Sintering  of  the  metallizations  was  done  by  furnace  or  RTA  at 
350°C  This  sintering  temperature  was  selected  after  RBS  studies 
predicted  an  absence  of  significant  interdiffusion.  Pd/Au:Be  gave  the 
best  result  of  1  (OVcnr  based  upon  transmission  line,  cross-bridge  Kel¬ 
vin  and  van  der  Pauw  studies.  A  layer  of  BeO  was  revealed  on  the  sur¬ 
face  of  AmBe  contacts  by  Auger  studies.  Cross-section  TEM  studies 
on  Pd/Au:Be  revealed  a  uniform  layer  of  alloyed  Ga-As-Au  with  an 
absence  of  spiking.  Pd/Au  and  Au:Be  metallizations  were  inferior  to 
the  Pd/AmBe  due  to  spiking  and  other  imperfections.  Stability  is  re¬ 
lated  to  interdiffusion  and  alloying  phenomena. 

G9.18 

VOID  FORMATION,  ELECTRICAL  ACTIVATION  AND 
LAYER  INTERMIXING  IN  Si-IMPLANTED 
GaAs/AlGaAs  SUPERLATTICES.  S.-Tong  Lee.  Samuel 
Chen,  Kei-Yu  Ko,  Mary  L.  Ott,  G.  Braunstein,  Corporate 
Research  Laboratories,  Eastman  Kodak  Company, 
Rochester,  NY  14650,  and  T.  Y.  Tan,  Department  of 
Mechanical  Engineering  and  Materials  Sciences,  Duke 
University,  Durham,  NC  27706  and  Microelectronics 
Center  of  North  Carolina,  Research  Triangle  Park,  NC 
27709 

We  have  found  small,  near-spherical  voids  in  the 
near-surface  region  of  ion-implanted  and  annealed 
GaAs/AlGaAs  superlattices  and  GaAs.  Voids  were 
generally  observed  in  annealed  samples  implanted 
with  220  keV  Si  to  a  dose  £3x  1 0  *  ^/cm^.  We  have 
suggested  that,  because  of  its  internal  surfaces,  the 
voids  can  act  as  sinks  for  vacancies,  trap  impurities 
and  suppress  dopant  activation.  C-V  profiling  results 
showed  that  electrical  activation  of  Si  implants  by 
thermal  annealing  was  severely  suppressed  in  the 
near-surface  region  of  superlattices  where  voids  and 
mixing  inhibition  were  found.  The  reduction  in 
carrier  concentration,  attributable  to  the  presence  of 
voids,  is  used  to  explain  the  anomalous  phenomenon 
of  the  inhibition  of  enhanced  layer  intermixing  in 
the  near-surface  region  of  superlattices. 


G9.19 

Reduction  of  DX  center  concentration  in  Sn  -  doped  AJGaAs  grown 
by  LPE  and  its  meaning.  In  Duk  Hwang,  and  Sin  Chong  Park, 
Basic  Research  Department,  ETRI,  P.O.Box  8,  Daedog  Danji,  Dajeon, 
Chungnam,  Korea 


DX  centers  in  Sn-doped  Al^Ga.jAs  grown  on  the  GaAs  substrates  of 
different  orientations  are  studied  for  the  first  time  by  Capacitance- 
Voltage  method  and  Deep  Level  Transient  Spectroscopy.  In  AlGaAs: 
Sn  grown  on  (100)  substrates,  two  types  of  traps,  trap  A  and  trap 
B,  are  observed  to  have  strong  dependence  on  A1  mole  fraction  x. 
The  concentration  of  trap  B  showing  its  DLTS  peak  at  —  160K  is 
much  higher  than  that  of  trap  A  for  x  >  0.3. 


Unexpectedly,  the  concentration  of  both  trap  A  and  trap  B  in  the 
(111)  Ga  and  (111)  As  face  samples  with  x  >  0.3  are  observed  to 
be  one  order  of  magnitude  lower  than  those  in  the  (100)  face  samples 
with  the  same  A1  composition,  even  though  the  DLTS  activation 
energies  of  three  groups  of  samples  are  observed  to  be  the  same. 


Believing  this  result  is  caused  by  the  difference  in  the  atomic 
arrangement  around  a  Sn  atom,  a  new  model  for  the  DX  center  is 
proposed.  In  this  model,  a  Sn  atom  acts  as  a  DX  center  when  the 
second  nearest  neighbor  A1  and  Ga  atoms  have  an  anisotropic  ordering. 

G9.20 

HOT-CARRIER  EFFECTS  ON  OPTICAL  PROPERTIES  OF 
GaAs/AUGai-xAs  QUANTUM  WELLS.  W.M.  Chen.  B.  Monemar,  P.O. 
Holtz,  Department  of  Physics  and  Measurement  Technology,  LinkOping 
University,  S-581  83  Linkdping,  SWEDEN;  and  M.  Sundaratn,  J.L.  Merz 
and  A.C.  Gossard,  Department  of  Electrical  and  Computer  Engineering, 
University  of  California,  Santa  Barbara,  California  93106,  USA. 

In  this  paper  we  report  a  study  of  hot-electron  effects  on  optical  properties 
of  GaAs/AlxGat.xAs  quantum  wells,  by  photoluminescence  (PL)  in 
presence  of  an  external  magnetic  field  and  a  microwave  (MW)  field.  Both 
single  quantum  wells  (SQWs)  and  multiple  quantum  wells  (MQWs), 
grown  by  molecular  beam  epitaxy  (MBE)  with  modulated  doping,  were 
studied  in  this  work.  A  profound  enhancement  of  the  free  exciton  (FE) 
emission  from  both  SQWs  and  MQWs  is  observed  with  MW  irradiation. 
This  is  attributed  to  effects  of  hot-electrons,  which  are  cyclotron  resonance 
accelerated  in  the  MW  electric  field,  as  evident  from  the  characteristic 
dependence  on  a  static  magnetic  field.  The  mechanism  responsible  for  the 
giant  enhancement  in  PL  emission  intensity  of  the  QWs  in  the  presence  of 
hot-carriers  is  studied  in  detail,  and  is  discussed  in  terms  of  the  following 
two  main  contributions.  First  of  ail,  impact  ionization  of  excitons  (FE:s  or 
excitons  bound  at  shallow  impurities  (BE:s))  and/or  of  shallow  impurities 
in  the  AIxGai.xAs  energy  barriers  is  readily  realizable  with  the 
experimental  conditions,  as  can  be  directly  seen  by  a  strong  quenching  of 
luminescence  from  the  barrier.  This  process  blocks,  at  least  partly,  the 
shunt  pass  of  the  photoexcited  free  carriers  in  the  barrier  so  that  they  are 
mainly  accommodated  in  the  GaAs  energy  well.  Secondly,  an  increase  of 
free  electron  temperature  T*  in  the  barriers  may  result  in  an  increase  in  the 
diffusion  into  the  well,  and  consequently  enhances  the  number  of  the 
excitons  in  the  well.  The  direct  role  of  the  external  perturbations  (magnetic 
field  and  MW)  on  the  exciton  formation  and  recombination  in  the  well  (via 
modifying  the  electronic  energy  and  wavefunction  of  the  excitons)  is  also 
studied,  via  resonant  optical  excitation  of  the  excitons. 
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G9.23 


THE  NATURE  OF  NATIVE  DEFECTS  IN  LEC  GROWN 
SEMI-INSULATING  GaAs  BY  THERMALLY  STIMULATED 
CURRENT  SPECTROSCOPY.  Zhaoaiana  Fang.  Lei  Sheri,  T.E. 
Schlesinger  and  A.G.  Milnes,  Department  of  Electrical 
and  Computer  Engineering,  Carnegie  Mellon  University, 
Pittsburgh,  PA  15213. 

In-doped  semi-insulating  GaAs  has  a  low  dislocation 
density  but  this  does  not  necessarily  correlate  with  a 
low  trap  density.  This  has  been  studied  by  thermally 
stimulated  current  spectroscopy  (TSC)  with  intrinsic 
(1 .96  eV)  and  extrinsic  (1.15  eV)  light  for  both  In  doped 
and  undoped  LEC  materials  grown  under  various 
non-stoichiometric  conditions.  Significant  differences 
are  seen  in  the  bulk  trap  spectra  associated  with 
Ga-rich  and  As-rich  material  and  with  isoelectronic  In 
doping.  Proximity  wafer-  annealing  at  950°  C  has  been 
shown  to  improve  minority  carrier  lifetime  in  n-type 
GaAs  and  we  show  that  in  semi-insulating  GaAs  this 
causes  changes  in  trap  structure.  From  such  thermal 
studies  and  the  effects  of  non-stoichiometric  growth, 
the  probable  nature  of  the  traps  commonly  seen  is 
inferred.  Traps  T2  (0.49eV),  T3  (0.33-0.44eV),  T5 
(0.26eV),  and  T6  (0.21  eV)  are  tentatively  identified  as 
As++,  a  VAs-related  complex,  Vq3  and  GaAj 
respectively. 


IMPROVED  HOLE  DIFFUSION  LENGTHS  IN  BULK  n-TYPE  GaAs 
FOR  HIGH  EFFICIENCY  SOLAR  CELLS.  D.  Wong  TP 
Schlesinger,  and  A.G.  Milnes,  Carnegie  Mellon  University, 
Pittsburgh,  PA  15213. 


We  report  on  a  simple  method  of  wafer  annealing  which 
is  effective  in  raising  minority  carrier  diffusion  lengths 
in  n-type  bulk  GaAs  to  above  the  value  necessary  for 
efficient  solar  cell  performance.  This  treatment  also 
decreases  the  concentration  of  many  deep  level  defects 
observed  by  deep  level  transient  spectroscopy  in  bulk 
GaAs  (both  electron  and  hole  traps)  and  may  prove  useful 
in  preprocessing  of  GaAs  for  applications  other  than 
photovoltaics.  Wafers  of  n-type  LEC  and  HB  GaAs  were 

eiven  proximity  anneals  in  sealed  quartz  ampules  at 
50°C  for  periods  of  1  to  64  hours.  16  hour  anneals  were 
found  to  be  optimum  at  this  temperature  and  brought 
about  an  increase  in  hole  diffusion  lengths  of  up  to  a 
factor  of  3  from  starting  values  of  L0  of  between  0.6  pm 
and  1.1  pm  to  as  high  as  3.0  pm  as  determined  by 
electron  beam  induced  current  measurements.  Both  Te 
and  Si  doped  specimens  annealed  under  identical 
conditions  were  found  to  show  this  improvement  even  for 
wafers  obtained  from  boules  which  had  been  given  an 
ingot  anneal  by  the  manufacturer.  A  minority  carrier 
trap  which  we  have  labeled  HCX  (Ey+0.29  eV)  appears  to 
be  the  lifetime-limiting  defect  in  this  material.  We  have 
also  measured  the  photoresponse  of  improved  material 
using  an  electrochemical  (transparent)  diode  and  with 
p  +  n  diffused  junction  solar  cells.  A  significant 
improvement  in  the  photoresponse,  especially  for  the 
long  wavelength  portion  of  the  spectrum  has  been 
observed. 
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PRESSURE  EPFECTS  OH  DEEP  LEVELS  IN  SEMICONDUCTORS 
Ken-ichi  TAKARA3E  and  Shigeru  MINOMURA,  Dapartaant 
of  Physics,  Okayam  University  of  Science,  Okayama 
700;Masahiko  Kusaka,  Okayama  University,  Okayama 
700 , ; Xoichiro  MATSUDA,  Horiba  Ltd.,  Kyoto  601 

Pressure  has  been  a  powerful  tool  better  to 
understand  semiconducting  properties.  We  here 
report  that  the  pressure  effect  on  the  deep  D 
center  found  in  In-doped  ZnSe,  and  the  DX  center 
in  AlxGa1 _xAs : Si . 

I sotheraal  pressure  derivative  of  amission  rates 
The  carrier  concentrations  of  epitaxial  layers  of 
ZnSe  grown  on  (001)GaA3  substrates  by  low-pressure 
vapor-phase  epitaxy  were  systematically  controlled 
from  10*  to  IQ18  ci"^  tuning  the  In  cell 
temperatures.  Upon  the  incorporation  of  In,  the 
deep  electron  trap( E**0 . 7eV ) ,  D  center,  is 
induced.  It  was  found  that  the  loading  of 
pressures  up  to  1.5GP&  decrease  the  emission  rate 
from  10-'  to  10°sec-'  by  a  factor  of  10"-'.  The 
observed  large  reduction  of  amission  rate  upon 
pressures  is  interpreted  as  indicating  that  the 
emission  of  electron  from  the  D  center  accompanies 
with  the  large  change  in  activation  volume.  By 
general  thermodynamical  relations,  the  activation 
volume  is  evaluated  to  IbA-',  and  equivalent  to  the 
change  of  8X  in  the  bond-length  of  ZnSe. 
Multiplicity  of  DX  center  of  Si-doped  AlxGa1  xAs 
The  recent  DLTS  studies  show  two  clossly=apr£vd  DX 
centers  in  Si-doped  AlxGa^_xAa.  It  was  previously 
found  that  the  pressure  induce  the  metastable  DX 
canter  in  Sl-doped  GaAs,  however  the  multiplicity 
of  metastable  DX  center  is  not  resolved.  We  will 
present  the  experimental  results  on  the 
multiplicity  using  the  isothermal  transient 
capacitance  spectroscopy  under  pressure. 


THE  STUDY  OF  CONTAMINATION  OF  CAS20N ,  30RON,  AND  OXYGEN  IN 
LEC-GAAS.  Yoshiko  I  ton.  The  Institute  or  Physical  and 
Chemical  Kesearc.o,  Waxo,  Saitama,  Yosnmori  Xadota, 
Sumitomo  Metal  Mining  Co.,  Ltd.,  Kunitomi,  Hokkaido, 
Hiroto  Fukushima,  Japan  Analysis  Canter,  Sanno,  Chiba,  and 
Mikio  Takai,  Osaka  University,  Toyonaka  Osaka. 

It  is  important  to  control  and  suppress  residual 
impurities  such  as  carbon,  boron  and  oxygen  in  a  LEC-GaAs 
crystal.  To  date,  however,  the  contamination  be.navior  of 
such  impurities  has  not  been  clarified,  since  direct 
measurements  of  sucn  impurities  were  noc  possible.  In  this 
study,  the  concentrations  of  carbon,  boron  and  oxygen  in 
samples  pulled  by  Che  various  experimental  conditions  were 
measured  by  a  newly  developed  CPAAIcharged  particle 
activation  analysis!  method.  The  reactions  used  were 
T2C(d,n)  13N,  nit3(d,xn 1 1 1 C  and  °0(JHe,  ?),aF  for  caroon 
boron,  and  oxygen,  respectively. 

Carbon  in  LEC  GaAs  was  found  to  be  introduced  as  CO  from 
the  ambient  atmospnere;  the  oxygen  concentration  in  the 
crystals  was  related  to  the  concentration  of  water  in  3-,Cj 
and  decreased  with  che  duration  of  melting.  "An 
equilibrium  distribution  coefficient  of  oxygen  in  GaAs 
crystals  at  solidification  ratio  of  0.5  was  found  by  our 
direct  measurements  to  be  0.08,  the  value  of  wni.cn  was 
smaller  by  a  factor  of  3.5  than  that  reportad  before. 


G9.25 

THE  ROLE  OF  CHARGED  POINT  DEFECTS  ON  THE 
DIFFUSION  BEHAVIOR  OF  SILICON  IN  GaAs.  Jeff  J. 
Murray.  David  A.  Stevenson,  Department  of  Materials  Science 
and  Engineering,  Stanford  University,  Stanford  CA  and  Michael 
D.  Deal.  Center  for  Integrated  Systems,  Stanford  University, 
Stanford.  CA. 

Since  s  in  is  a  commonly  used  dopant  in  the  fabrication  of 
GaAs  N  CET  and  JFET  devices,  its  diffusion  behavior  is  of 
great  te<_  nological  importance.  It  has  been  known  for  some 
time  that  the  diffusion  behavior  of  implanted  silicon  is  markedly 
different  from  that  observed  from  controlled  solid  source 
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experiments.  In  order  to  understand  this  difference  a  close  look 
at  the  defect  chemistry  of  the  GaAs  is  required. 

In  the  current  study  we  have  used  several  types  of  dopants  to 
modify  the  point  defect  chemistry  of  the  GaAs  prior  to 
implantation  and  subsequent  annealing.  We  have  noted  enhanced 
silicon  diffusion  for  different  n-type  GaAs  substrates  and  retarded 
silicon  diffusion  for  p-type  substrates. 

In  addition,  we  have  used  MOCVD  and  M8E  grown  structures 
with  stepped  silicon  doping  behavior.  These  structures  allow  us 
to  study  silicon  diffusion  behavior  in  well  controlled  silicon 
concentration  gradients  at  specific  silicon  doping  levels.  As  a 
result  we  can  predict  the  diffusivity  of  silicon  as  a  function  of 
background  doping  or  more  explicitly  as  a  function  of  the  Fermi 
level  position  in  the  crystal. 

G9.26 

MAGNETICALLY  STABILIZED  KYROPOULOS  GROWTH  OF 
InP.  .Steven  Bachowaki .  Brian  S.  Ahern.  Robert  M. 
Hilton,  Joseph  A.  Adams k t , Rome  Air  Development 
Center,  Hanscom  AFB  MA  01731 

A  new  crystal  growth  furnace  with  axial  magnetic 
fields  of  4.3  kGauss  has  been  applied  to  the 
growth  of  50  and  70mm  diameter  InP  crystals  by 
the  Liquid  Encapsulated  Kryopoulos  (MLEK) 
technique.  This  method  has  resulted  wafers  with 
low  and  uniform  dislocation  densities.  Results 
will  be  presented  showing  how  strong  axial 
fields  have  reduced  the  buoyancy  driven 
convection  and  how  the  dislocation  density  has 
been  reduced  as  a  result  of  the  the  lowering  of 
the  thermal  gradients  with  the  LEK  method  . 

G9.27 

TEMPERATURE  DEPENDENCE  OF  SCATTERED  LIGHT  INTENSITY  8Y 
PRECIPITATES  ALONG  DISLOCATIONS  IN  AN  In  DOPED  LEC  GaAs 
CRYSTAL.  Ka2ufuni  Sakai  and  Tosoya  Ogawa,  Department  of 
Physics.  Gakushuin  University,  Mej i ro,  Tokyo  171,  Japan 

IR  light  scattering  technique  was  used  and  developed  to 
observe  the  dislocations  as  well  as  micro-precipitates  such 
as  swirls  and  growth  striations  in  the  semiconductors.  Clear 
images  of  dislocations  inside  GaAs  crystals  by  the  technique 
are  going  to  use  detection  of  the  micro-defects.  However, 
the  scattering  mechanism  of  the  light  are  dependent  upon 
types  of  defects  and  frequency  of  incident  deams,  while  it 
sliould  include  many  informations  about  the  scatterers.  One 
of  the  models  was  proposed  by  Ogawa[l]  to  explain  the 
mechanism  of  the  light  scattering  process,  which  obeyd  the 
resonance  scattering  formula  related  between  the  scattered 
intensity  and  adsorption  coefficient  of  light  with  a 
function  of  temperature  of  the  specimen. 

In  this  paper  ,  intensity  scattered  from  the  precipitates 
along  dislocations  in  an  In-doped  LEC  GaAs  crystal  were 
precisely  measured  as  a  function  of  the  temprature  with 
three  different  frequencies  of  IR  lasers.  The  peaks  at  90, 

123  ,  210  ,  and  255K  for  1.32um  radiation  are  with  a 
similarity  obtained  by  other  two  laser  beams  operated  at 
1.15/im  and  1.06/im.  where  the  corresponding  peaks  slightly 
shift  to  low  temperature  side  .  The  resonance  frequency  and 
damping  coefficient  were  evaluated  by  using  the  resonance 
scattering  model,  since  they  show  the  abrupt  change  at  about 
150k.  These  temperature  dependence  can  he  numerically 
explained  by  Ogawa 's  model. 

I)  T.  Ogawa!  Jpn.  J.  Appl.  Phys..  25.  1986,  L9I6 
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X-ALPHA  CALCULATIONS  OF  Sn  DOPING  IN  GaAs.  D.M.  Union  and  M.  Wtl- 
ner ,  P  hysics  Department ,  Un  I versl  ty  of  Lowel  1 ,  Lowel  1 ,  MA. 

We  report  on  Multiple-Scattering  X-alpha  Self-Consistent-Field  calcu¬ 
lations  of  Sn  doping,  including  formation  energies,  in  1 7-  and  29-  atom 
cluster  models  of  GaAs,  both  as  a  substitutional  and  an  interstitial  defect. 
Results  for  lattice  substitution  share  many  qualitative  similarities  with 
those  reported  in  the  literature  for  other  substitutional  amphoteric  de¬ 
fects.  Comparisons  are  made  between  various  ways  of  simulating  the  em¬ 
bedding  of  the  clusters  in  bulk  G^s. 

G9.29 

BERYLLIUM  DOPING  IN  MBE  GROWN  GaAs  AND 
AIGaAs.  Joseph  Pellegrino,  NIST,  Gaithersburg,  Md.; 
James  Griffin  and  Micheal  Spencer,  Howard  Univ.  MSRCE, 
Washington  D.C. 

Beryllium  is  an  effective  p  dopant  in  GaAs  and  AIGaAs 
and  plays  an  important  role  in  the  device  characterizations 
of  hetero  bipolar  transitiors.  This  work  examines  the  room 
temperature  and  liquid  nitrogen  hole  mobility  for  two  se¬ 
ries  of  beryllium  doped  samples;  GaAs  and  AIGaAs.  Both 
series  were  grown  by  MBE  with  active  layer  thicknesses 
ranging  between  0.5  -  1.5  m/z.  Within  each  series  the  dop¬ 
ing  ranged  between  3.0xl015cm~3  to  levels  greater  than 
l.Ox  10I9cm~3.  Mobility  and  carrier  concentrations  were 
obtained  through  Hall  measurements  and  an  additional 
measure  of  the  concentration  profile  was  obtained  using 
polaron  measurements.  Ohmic  contacts  for  the  Hall  mea¬ 
surements  were  obtained  using  a  Zn-In  alloy.  The  mobility 
measurement  results  suggest  the  onset  of  carrier  compen¬ 
sation  and  possible  type  conversion  at  higher  doping  levels. 
One  possible  explanation  for  this  result  is  that  at  elevated 
doping  concentrations  some  beryllium  is  incorporated  as 
interstitial  donors  or  defect  complexes.  The  results  for 
both  the  GaAs  and  AIGaAs  series  will  be  presented  and 
discussed. 

G9.30 

ANOMALOUS  LUMINESCENCE  PROPERTIES  OF  GaAs  GROWN  BY 
MOLECULAR  BEAM  EPITAXY.  I.  Szafranek.  M.A.  Plano,  MJ.  McCollum, 

S.L.  Jackson.  K.Y.  Cheng  and  G.E.  Stillman.  Center  for  Compound  Semiconductor 
Microelectronics.  Materials  Research  Laboratory  and  Coordinated  Science  Laboratory. 
University  of  Illinois  at  Urbana  -  Champaign.  Urbana.  IL  61801. 

GaAs  layers  grown  by  MBE  possess  unique  photoluminescence  (PL)  features 
associated  with  unidentified  shallow  defects.  The  best  known  are  the  series  of  lines  in 
the  1.504-1.511  eV  range,  induced  by  defect-bound  excitons  (Ktlnzel-Ploog  peaks1) 
and  broad  bands  in  the  1.466-1.482  eV  region,  originating,  presumably,  in  related 
"defect-complexes'.2  Recently,  we  have  reported  that  the  'g'  peak  at  the  high  energy 
limit  of  the  KUnzel-Ploog  series  is  due  to  recombination  of  excitons  bound  to  the 
shallowest  known  acceptor-like  defect  in  GaAs.  labeled  'A'.3  The  activauon  energy 
of  ibis  defect  is  -24.8  meV,  about  1.7  meV  less  than  that  of  Ca«- 

Additional  low  temperature  PL  studies  have  revealed  that  incorporation  of  this  very 
common  center  results  in  dramatic  changes  in  the  optical  properties  of  p-type  MBE 
GaAs,  most  of  which  have  been  frequently  observed  in  the  past,  but  never  related  to 
the  presence  of  the  "A"  defect.  We  have  found  that  with  increasing  concentration  of 
the  " A '  defect  1)  the  relative  intensity  of  (he  free  exciton  band  goes  through  a 
maximum,  where  it  dominates  the  near  hand-edge  PL  spectrum,  and  its  lineshape 
transforms  into  a  single,  narrow  peak;  2)  a  new,  sharp  line  emerges  at  1.513s  eV; 

3)  neutral  and  ionized  donor-bound  exciton  transitions  dissapear  almost  completely, 
regardless  of  the  actual  donor  concentration  and  compensation  ratio,  determined 
independently  by  Hall-effect  measurements.  This  anomalous  behaviour  has  led  to 
many  reports,  concerning  characterization  of  MBE  GaAs  and  the  nature  of  free  exciton 
recombination,  which  in  view  of  our  results  were  based  on  misinterpretation  of  PL 
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data.  A  simple  model  will  be  proposed  to  explain  the  observed  quenching  of  the 
donor-related  exciton  transitions.  The  possibility  of  suppression  of  the  'A*  defect 
incorporation  by  appropriate  choice  of  growth  parameters  will  be  demonstrated. 

This  work  wax  supported  by  the  Joint  Services  Electronics  Program,  under  contract  N00015- 
84-C-0149,  the  Nauonsi  Science  Foundation,  under  granu  OMR  86-12860  and  COR  85- 
22666  and  by  ‘.DIO/1ST  contract  DAAL  03-87-K-0013. 

1.  H.  Kfinzcl  and  K.  Ptoog.  Appl.  Phys.  Lett.  37.  416  (1980). 

2.  P.  Booties  and  O.M.  Collins,  J.  Electron.  Mater.  11,  847  (1982). 

3.  1.  Szafranek.  M.A.  Plano.  M.J.  M'CoIlum.  S  L  Jackson.  K.Y.  Cheng  and  G.E.  Stillman, 
1989  Electron.  Meter.  Conf,  Boston,  MA  (to  be  published). 

G9.31 

P00LE-FRENKEL  EFFECT  ON  THE  DX  CENTERS  IN  III-V 
TERNARY  ALLOYS.  H  .  A 1 1 e la rrea ,  J. Bosch,  A. Perez, 

J . Sami  tier  and  J.R.Morante.  Departament  de  Flsica 
Aplicada  i  Electronica.  Universitat  de  Barcelona. 
Diagonal  645-647 .  Ba  rce  Iona  08028. SPAIN. 

By  means  of  the  isothermal  transients,  ITS,  and 
their  differences,  DITS,  the  electrical 
parameters  determination  associated  to  the  DX 
center  are  reviewed.  The  dependence  of  the  DX 
centers  thermal  emission  rates  on  the  electric 
field  is  reported  to  follow  a  Po  ole-F  re  nice  1  model 
applied  to  a  level  attached  to  L  minima.  The  time 
constant  distribution  originated  by  this  feature 
has  been  found  to  be  the  most  significative  in 
orden  to  explain  the  non-exponential  emission 
transient  and,  on  the  other  hand,  the  thermal 
activation  energy  shows  a  value  which  is  in 
agreement  with  the  Hall  data. 

Likewise,  the  thermal  cross  section  does  not 
show  dependence  on  the  temperature  in  the 
interval  measured,  while  the  thermal  activation 
of  the  capture  time  constant  is  determined  by  the 
free  carriers  activation  from  the  absolute 
minimum  up  to  L  minima.  These  two  aspects  fit  the 
capture  kinetic  whose  parameters  are  found  to 
indicate  rather  a  small  relaxation  unless  high 
energy  phonons  are  involved  in  the  multiphonon 
mechanism. 

Both  data,  emission  and  capture,  allow  to 
discuss  a  revision  of  the  previous  results 
deduced  from  the  DLTS  spectra  whose  behaviour  is 
explained  and,  at  the  same  time,  point  out  a  more 
simple  model  for  the  DX  centers  that  those 
suggested  assuming  broadening,  cross  section 
distribution  or  fine  structure. 

G9.32 

DEEP-LEVEL  DOMINATED  CURRENT- VOLTAGE  CHARACTERIS¬ 
TICS  OF  NOVEL  AND  IMPORTANT  SEMICONDUCTOR  HETEROS¬ 
TRUCTURES.  K  Das,  Department  of  Materials  Science  and  Engineer¬ 
ing,  North  Carolina  State  University,  Raleigh,  NC  27695-7907 

Various  novel  semiconductor  heterostructures  are  currently  being 
developed  for:  (1)  applications  in  extreme  radiation  environments,  (2) 
high  speed  applications,  (3)  optoelectronic  applications,  and  (4)  monol¬ 
ithic  integration  of  Si-based  electronics  with  GaAs-based  optoelectronics. 
With  silicon-on-insulator  and  GaAs-on-silicon-on-insulator  composite 
structures,  integration  of  radiation-hard,  latch-up-free,  submicron  CMOS 
technology  with  optoelectronic  devices  could  become  a  viable  technology. 
Silicon  substrates  with  buried  implanted  oxide  layers  and  silicon-on- 
sapphire  with  GaAs  heteroepitaxia!  films  are  potentially  important 
materials  systems  for  the  above  applications.  In  order  to  characterize 
these  materials  electrically,  a  study  of  current-voltage  characteristics  of 
metal-semiconductor  contacts  formed  on  these  various  semiconductor 
films  has  been  carried  out.  The  dominant  transport  mechanism  in  all 
these  films  appears  to  be  deep-level-dominaled,  space-charge-limited- 
current  conduction.  The  deep-level  parameters,  which  were  determined 
using  a  straight-forward  analysis,  appear  to  be  sensitive  to  the  type  of 
crystallographic  defects  initially  present  in  a  film  and  the  defects  intro¬ 
duced  or  removed  by  subsequent  annealing  and  processing.  In  some 
cases,  the  determined  discrete  levels  using  the  present  approach  are  in 
excellent  agreement  with  reported  DLTS  data.  In  particular,  the 
analysis  of  the  I-V  characteristics  obtained  from  heteroepitaxial  MBE 


GaAs  grown  on  commercially-available  silicon-on-sapphire  indicates  the 
pres  nee  of  one  discrete  deep-level  state  located  0.28eV  below  the  con- 
due. ion  band  edge,  which  is  within  O.OleV  of  the  El  center  unique  to 
MBE  GaAs-on-silicon.  Certain  types  of  crystallographic  defects  appear 
to  contribute  greatly  to  states  distributed  in  energy  within  the  band  gap 
These  electrically  active  defects  are  expected  to  influence  the  characteris¬ 
tics  of  devices  fabricated  in  the  these  novel  materials. 

G9.33 

MOBILITY-LIFETIME  PRODUCT  OF  PHOTOEXCITED  ELECTRONS  IN 
GaAs :  THE  ROLE  OF  FT.? .  Gaorge  C,  Valley*.  Hughes  Research 
Laboratories,  Kalibu,  CA  90265,  USA;  H.  J.  von  Bardeleben, 
Groupe  de  Physique  des  Solides  de  l'Ecole  Normale  Supe- 
rleure,  Centre  National  de  la  Recherche  Scientif tquea , 
Tour  23,  2  place  Jussieu,  75251  Paris  Cedex  05,  France. 

The  mobility  lifetime  products  for  photo-electrons  in 
semi-insulating  GaAs,  which  fit  successfully  the  results 
of  photo-refractive  studies  undertaken  in  the  presence  of 
large  AC  electric  fields  or  with  a  DC  electric  field  and 
moving  fringes  are  three  orders  of  magnitude  smaller  chan 
those  inferred  from  transport  measurements  or  from  the 
photoref ractive  effect  with  no  applied  electrical  field. 

Consideration  of  enhanced  recombination  via  EL2  effective- 
mass  states  linked  to  the  L-conduction  band  minimum  allows 
us  to  fit  the  dependence  of  photorefractive  beam  coupling 
gain  coefficient  on  grating  period  for  both  AC  fields  and 
moving  gratings.  This  cascade-capture  process,  which  is 
three  orders  of  magnitude  faster  than  recombination  by 
multiphonon  emission  from  the  T  band  to  EL2 ,  leads  to 
greatly  reduced  mobility-lifetime  products  for  field 
strengths  greater  than  1  kV/cm.  Our  results  establish  the 
dominant  influence  of  the  EL2  defect  properties  on  the 
recombination  process  of  photocarriers.  The  detailed 
understanding  of  defect  recombination  processes  is 
essential  for  modelling  and  optimizing  the  photorefractive 
effect  in  semi-insulating  GaAs . 

*  Visiting  Professor  at  the  L'niversite  Paris  XI,  Institut 
d'Optique  during  part  of  this  work. 
a  associe  a  l'Universite  Paris  VII. 

G9.34 

OPTICAL  CHARGE  TRANSFER  PROCESSES  IN  SEMI-INSULATING 
GaAs.  E.  Christofrel,  T.  Benchiguer,  A.  Goltzene  and  C.  Schwab. 
Groupe  "Recherches  Physiques  et  Materiaux",  C.R.N.,  L'niversite 
Louis  Pasteur,  23,  rue  du  Loess,  67037  Strasbourg  Cedex  France;  K. 
Chino  and  K.  Satoh,  Electronics  Materials  Laboratory,  Sumitomo 
Metal  Mining  Co..  Ltd.  1-6-1  Suehiro-cho,  Ohme-shi,  Tokyo  198, 
Japan ;  P.Bunod  and  E.  Molva,  Division  d’Electronique  de  Technologie 
et  d'lnstrumentation,  IRDI-CEA,  CENG,  38041  Grenoble  Cedex, 
France. 

The  optical  charge  transfer  processes  is  studied  by  means  of  the 
Electron  Paramagnetic  Resonance  (EPR)  technique  on  purposely 
prepared  samples  chiefly  containing  photoquenchable  grown- in  AsJ^ 
and  electron-induced  STl  paramagnetic  centers.  This  mechanism  is 
described  quantitatively  by  a  model  taking  into  account  the  well- 
known  similarity  between  the  optical  behaviors  of  the  mid-gap  donor 
EL2  and  the  photoquenchable  antisites.  It  leads  to  a  determination 
of  the  total  content  of  the  latter  independant  of  initial  paramagnetic 
fraction.  STl  becomes  paramagnetic  by  capture  of  a  hole,  thus  we 
infer  it  to  be  paramagnetic  in  its  neutral  acceptor  state,  STl°. 

This  approach  is  then  used  for  analysing  the  compensation  mechanism 
between  donor  and  acceptor  states  in  post-growth  annealed  materials. 
Under  illumination,  an  intricate  interplay  between  several  assumed 
intrinsic  defects  like  Asc».  STl,  SF,  FRl,  FR2  and  FR2'  and  extrinsic 
ones  like  Fe3'  is  revealed.  Here  the  peculiarities  of  the  model  appear 
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as  an  efficient  tool  for  separating  the  various  signals  and  for  identifying 
the  electrical  nature  of  the  corresponding  defects.  Balancing  released 
and  trapped  carriers  in  terms  of  defect  concentrations  may  further 
help  identification  of  spectra  of  insufficient  EPR  signature. 

G9.35 

COMPARATIVE  OPTICAL  STUDIES  OF  Cu.  Mn,  AND  C  IMPURITIES  IN 
BULK  LEC  GROWN  GAAS  BY  ELECTRON  BEAM  ELECTROREFLECTANCE 
(EBER)  AND  PHOTOLUMINESCENCE  (PL).  M.  H  Herman.  I.  D. 
Ward,  Charles  Evans  &  Associates,  Redwood  City,  CA;  and  P. 
J.  Pearah,  Spectrum  Technology,  Holliscon,  MA. 

We  have  used  both  300K  and  100K  Eleccron  Bean 
Eleccroreflectance  (EBER)  and  4K  photo lunineseence  (PL)  to 
measure  optical  transitions.  A  series  of  LEC  grown  GaAs 
were  scudied  which  have  been  contaminated  primarily  by  the 
individual  elements  Cu,  Mn,  and  C  at  levels  above  lO'vcm3. 
In  an  uncontaminated  control  sample,  we  find  evidence  for 
strong  excitonic  effects  in  the  EBER  lineshape,  even  at 
300K.  For  the  contaminated  samples,  we  find  evidence  for 
characteristic  optical  impurity  transitions  below  the  E0 
band  gap  of  the  GaAs  in  both  spectroscopies.  However,  in 
general  the  estimated  impurity  binding  energies  by  EBER 
are  not  equivalent  to  established  PL  or  DLTS  values. 

The  correlated  appearance  of  impurity  peaks  below  the 
split-off  E0+d0  band  may  allow  their  assignment  to  either 
donors  or  acceptors  in  modulated  reflectance  studies  [1], 
None  of  the  present  cases  showed  corresponding  transitions 
below  E0+A0,  suggesting  that  the  impurity  features  below  E0 
possibly  arise  from  acceptor  transitions.  Alternatively, 
the  reduction  of  light  penetration  into  the  GaAs  above  the 
E  band  gap,  reducing  the  sample  interaction  volume,  may 
also  explain  this  null  observation. 

[1]  M.  Cardona.  K.  L.  Shaklee  &  F.  H.  Poliak,  Phvs ,  Rev. 
154(3)  696,  1967. 

G9.36 

CORRELATION  OF  FREE  CARRIER  CONCENTRATION  MEASUREMENTS  IN 
GaAs  BY  NON -CONTACT  OPTICAL  ELECTRON  BEAM 
ELECTROREFLECTANCE  (EBER)  AND  PHOTOREFLECTANCE  (PR)  TO 
ELECTRICAL  HALL  EFFECT.  D.  K.  Gasklll.  N.  Bottka,  R.  S. 
Sillmon.  Naval  Research  Lab.  Washington.  DC;  M.  H.  Herman, 
I.  D.  Ward,  Charles  Evans  &  Associates,  Redwood  City,  CA; 
and  C.  L.  Reynolds.  AT&T  Bell  Laboratories,  Reading,  PA. 

We  have  used  the  non-contact  modulation  spectroscopies 
electron  beam  electroreflectance  (EBER)  and 
phocoreflectance  (PR)  to  measure  optical  transitions  at 
the  EQ  band  gap  in  a  series  of  N-type  Si-doped  GaAs.  The 
free  carrier  concentrations  within  these  samples  were 
measured  bv  Hall  effect  to  cover  a  range  between  1013cra'3 
and  2  x  10^’cm'3.  We  find  consistent  agreement  between  the 
electrical  Hall  measurements  and  Che  optical  estimates  of 
the  carrier  concentration  by  both  Independent  modulation 
spectroscopies . 

The  method  of  optical  carrier  concentration  measurement  is 
based  upon  the  field-dependent  Franz-Keldysh  oscillations 
which  exist  above  the  EQ  band  gap.  From  the  depletion 
region  model,  the  surface  eleccric  field  F  ,  arising  from 
the  difference  between  the  pinned  surface  fermi  level  and 
that  of  the  bulk,  decreases  linearly  from  the  surface. 
Using  the  heavy-hole  and  electron  reduced  mass,  Che 
eleccric  field  is  calculated  from  EBER  and  PR  spectra  by 
established  methods.  The  optically  estimated  electric 
field  is  found  to  lie  between  the  calculated  F  and  an 
estimated  mean  field  Ft//J,  We  present  an  empirical 
relationship  between  the  EBER,  PR  and  Hall  measurements, 
from  which  very  accurate  estimations  of  carrier 
concentration  can  be  made  optically. 


G9.37 

Ge  RELATED  DEEP  LEVEL  LUMINESCENCE  IN  InGaAs  LATTICE  MATCHED 
TO  InP.  S.S.  Chandvankar,  A.K.  Srivastava,  B.M.  Arora  and 
D.K.  Sharma,  Tata  Institute  of  Fundamental  Research,  Homi 
Bhabha  Road,  Bombay  400005,  India. 

There  is  considerable  interest  in  the  study  of  deep  levels 
in  III-V  compound  alloys.  We  have  studied  the  deep  level 
luminescence  associated  with  the  amphoteric  dopant  Ge  in 
InGaAs  grown  lattice  matched  to  InP. 

The  InGaAs  layers  are  grown  by  liquid  phase  epitaxy  on  InP 
substrates.  Ge  is  added  to  the  melt  prior  to  growth. 

InGaAs  layers  grown  with  different  amounts  of  Ge  are  studied 
by  Hall  measurement  and  photoluminescence.  Results  of  Hall 
measurements  show  that  Ge  doping  produces  net  p-type 
conduction.  The  samples  show  a  wide  range  of  carrier 
concentration  starting  with  n  “  8  x  I0^°  cm--*  for  the 
undoped  sample  to  p  ■  5  x  10^  cm-^  for  the  sample  with  the 
highest  Ge  doping.  The  layers  are,  however,  highly 
compensated. 

The  PL  measurements  are  made  at  10K.  The  Ge  doped  samples 
show  a  broad  deep  level  luminescence  band  covering  the 
energy  range  0.55  -  0.75  eV.  The  peak  of  luminescence 
shifts  to  lower  energy  with  Increasing  p-type  doping  due  to 
Ge.  The  PL  spectra  also  show  strong  dependence  on  the 
excitation  power.  The  peak  of  luminescence  shifts  to  higher 
energy  with  increasing  excitation  power.  The  spectra  show 
the  existence  of  several  deep  levels.  Preliminary  analysis 
of  the  data  resulted  in  the  luminescence  peaks  at  0.73, 

0.70,  2.68  and  0.66  eV.  We  think  that  Ge  doping  gives  rise 
to  complex  formation  which  depending  upon  the  atomic 
configuration  of  its  neighbours  creates  several  deep  levels. 
Similar  effects  have  been  seen  in  ZnSSe  mixed  crystals. 

G9.38 

CARBON  DOPING  IN  InGaAs  GROWN  BY  MBE. 

Hiroshi  Ito  and  Tadao  Ishibashi, 

NTT  LSI  Laboratories,  3-1  Morinosato  Wakaroiya, 

Atsugi-shi,  Kanagawa,  243-01  JAPAN 

Carbon  doping  in  In  Ga^  As  was  investigated  using 
solid  source  MBE  for  the  first  time.  A  graphite  filament 
was  used  as  a  carbon  source.  Indium  mole  fraction  x 
from  0  (GaAs)  to  1  (InAs)  were  tested.  Epi-layers 
were  grown  directly  on  serai-insulating  GaAs  substrates. 
Growth  temperature  was  varied  between  400°C  and  650°C 
depending  on  mole  fraction  x.  Resultant  Villi  ratio  was 
about  5.  Free  carrier  concentrations  and  mobilities  were 
measured  by  the  van  der  Pauw  method. 

18  -3 

Under  a  constant  doping  concentration  (6  x  10  cm  ), 
free  carrier  concentration  decreases  as  x  increases  from 
0  to  0.54.  In  this  region,  conduction  type  is  p.  Hole 
mobility  also  decreases  with  increasing  x.  When  x  is 
higher  than  0.68,  conduction  type  is  n.  Electron 
concentration  and  electron  mobility  increase  with 
increasing  x.  These  results  indicate  that  conduction 
type  inversion,  which  occurs  when  x  is  about  0.6,  is 
due  to  a  self-compensation.  Occupation  probability  of 
III  or  V  site  by  C  atoms  is  thought  to  change  gradually 
depending  on  the  binding  energy  difference  among 
C-Ga,  C-As  and  C-In. 

G9.39 

SURFACE  STRUCTURE  OF  SULFUR  COATED  GAAS.  Yoshihisa 
FUJI5AKI,  Shigeo  GOTO,  Central  Research  Lab., 
Hitachi  Ltd.,  Kokubunj i ,  Tokyo,  JAPAN 
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Recently,  sulfur  passivation  of  GaAs  crystal  has 
got  a  great  attention  since  it  improves  the 
quality  of  GaAs  surfaces.  It  is  thought  to  be 


attributed  to  the  termination  of  dangling  bonds  of 
the  surface  atoms  by  sulfur.  However,  the  detailed 
surface  structure  has  not  been  clarified  enough. 
Actually,  two  models  have  been  proposed  on  the 
termination  of  free  bonds.  In  this  study,  the 
surface  structure  of  sulfur  coated  Ga As  was 
investigated  using  photo  luminescence* PL ) ,  X-ray 
photoelectron  spectroscopy ( XPS ) ,  and  RHEED.  The 
specimen  used  were  (100),  (111)A,  and  ( 1 11  ) B  Ga As 
wafers.  The  sulfur  passivation  was  performed  in 
(NH4)Sx  at  SCfC  for  10  minutes.  The  enhancement  of 
PL  intensity  was  remarkable  for  the  sulfur 
treated  (111  ) A  wafer,  but  it's  not  so  obvious  for 
( 1 1 1 ) B  wafers.  Due  to  RHEED  observation,  the 
sulfur  treated  (  1  1  1  )  A  surface  has  1x1  non - 
reconstructed  structure,  whose  clean  surface  is 
2x2.  This  non-reconstructed  structure  implies  the 
termination  of  Ga  dangling  bonds  on  the  A 
surfaces,  which  decreases  the  surface  state 
density  of  a  crystal  and  enhances  the  PL 
intensity.  To  the  contrary,  both  patterns 
corresponding  to  sulfur  treated  and  untreated 
( 1 1 1 ) B  surfaces  were  halo.  This  is  due  to  the 
thick  oxide  upon  the  (111)B  surface. 

In  the  XPS  study,  the  smaller  amount  of  sulfide 
and  oxide  were  found  on  the  sulfur  treated  ( 1 1 1 ) A 
surface  compared  with  those  on  the  sulfur  treated 
( 1 1 1 ) B ,  which  coincides  with  the  RHEED  data. 

G9.40 

ELECTRICAL  AND  PHOTOLUMINESCENCE  PROPERTIES  OF  Mg*  and  C*  IMPLANTED 
ACCEPTORS  IN  InP.  A.C.  Bzvc.  A.  Yamada.  A.  Shimizu.  H.  Shibau.  H.  Tanoue.  K.M. 
Mayer,  H.  Sugiyama,  K.  Kamijoh.  T.  Oda,  0.  Arriga  and  Y.  Makili.  Electrotechnical 
Laboratory.  1-1-4  Uraezono.  Tiukuba-shi.  Ibaraki-ken.  305  Japan. 


Ion- implantation  is  carried  out  in  nominally  undoped  bulk  InP  substrates  with 
single  energy  of  100  keV  for  Mg'  whereas  flat  profile  C'  implantation  is  obtained 
using  several  energies  up  to  400  keV.  The  net  carrier  concentration  profile  at 
300K  is  measured  by  C-V  method.  The  photoluminescence  (PL)  is  collected  from 
the  etched  area  where  the  carrier  concentration  is  comparable  to  that  of  the 
unimplanted  wafer  (4.9xI0'5  cm '^)  The  ground  and  excited  states  binding 
energies  of  Mg  and  C  acceptors  are  accurately  determined  by  low-temperature 
selective  excitation  of  PL  using  an  Ar'  pumped  dye  laser.  In  addition,  a  sharp 
emission  line  peaking  at  I  396*  eV  is  found  to  be  dominant  in  the  annealed 
samples.  Its  energy  position  and  spectral  shape  (with  a  low  energy  shoulder)  are 
similar  to  those  of  isoelectronic  Bi  bound  exciton  line  well  characterized  in 
intentionally  Bi-doped  InP  Its  intensity  is  found  to  decrease  with  increasing  C* 
dose  from  3-9x  I01 1  cm‘3  to  5-9x  1 0 1 3  Cm'3  confirming  that  C  is  not  involved. 
This  emission  band  is  not  detected  in  the  unannealed  virgin  wafer.  Finally,  its 
detection  in  annealed  and  unimplanted  bulk  InP  clearly  indicates  an  annealing 
induced-activation  process  of  displaced  BI  impurity  off  to  regular  substitutional 
site  These  results  strengthen  the  key  role  of  optical  spectroscopy,  particularly 
resonant  excitation  of  PL  as  a  characterization  method  of  such  neutral  point 
defects  which  are  not  detectable  through  electrical  measurements. 

G9.41 

QUALITATIVE  PHYSICS  OF  DEEP  LEVELS  IN  HETEROSTRUCTURES* 
Harold  P.  Hjalnarson,  I.  J.  Fritz,  J.  F.  Klem,  and  T.  M. 
Brennan,  Sandla  National  Laboratories,  Albuquerque,  NM 
87185. 

The  qualitative  physics  of  deep  levels  in  heterostructures 
will  be  described.  Using  e  tight-binding  method,  energies 
for  both  deep  and  resonant  levels  have  been  calculated  for 
substitutional  Impurities  In  CaAs/AlAs  superlattices. 
Generalizing  these  results,  it  is  found  that  an  Impurity  In 


a  semiconductor  layer  has  nearly  the  same  average  binding 
energy  as  it  would  in  the  bulk  semiconductor  equivalent  of 
that  layer.  Also,  an  impurity  forms  a  resonance  state 
attached  to  each  quantum  well  subband.  Quantum  size 
effaces  displace  the  actual  bandedges  from  their 
corresponding  virtual  bandedges  and  thus  can  convert  a 
resonance  level  into  a  deep  level.  Furthermore,  binding 
energies  have  oscillatory  deviations  from  the  average 
binding  energy  described  above.  These  deviations  can  be 
correlated  with  the  nodal  positions  of  the  quantum  well 
states,  and  thus  the  binding  energy  of  a  deep  level  depends 
on  the  position  of  the  impurity  within  the  quantum  well. 

Interface  roughness  can  act  as  a  deep  level  by  binding  or 
localizing  an  electronic  state.  The  effect  of  interface 
roughness  on  low  field  mobility,  high  field  drift  velocity, 
and  photoluminescence  of  quantum  wells  will  be  analyzed. 

In  particular,  the  role  of  interface  roughness  in 
controlling  the  saturated  drift  velocity  of  light  holes  in 
InGaAs/GaAs  quantum  wells  will  be  described. 

♦Supported  by  US  DOE  under  Contract  DE- AC-04* 76DP00789 . 
G9.42 

Ge  TRANSPORT  AND  EPITAXY  IN  THE  AM0R?H0US-Ge/Pd,Si/ { 111 ]  Si 
SYSTEM  0.2. Hong.  J.G.2hu  and  J.V. Mayer,  Department  of 
HaterialS  Selene*  and  Engineering,  Cornell  University, 
Ithaca,  New  York  14823 

Solid  phase  epitaxy  (SPE)  of  Ge-Sl  alloy  on  till]  Si 
substrates  was  achieved  in  the  amorphous-Ge/Pd,Sl/[lll]  Si 
system.  Channeled  Rutherford  backseat tering  spectrometry 
and  high  resolution  cross  section  transmission  electron 
microscopy  were  used  to  Investigate  the  reaction  process. 
The  SPE  started  with  the  nitration  of  Ge  atons  Into  the 
epitaxial  Pd.Si  layer  at  600  °C.  Than  single  crystalline 
Ce  islinds  wire  formed  on  the  Si  substrate.  Finally  the  Ge 
Island*. coalesced  to  fora  a  uniform  epitaxial  Ga.nSi.. 
layer  in  the  [Ul|  Si  substrate.  In  the  meantime?  tnl 
PdjSi  exchanged  positions  with  the  Ge  layer,  leading  to  a 
final  configuration  of  Pd,Sl/epi-Ge70$l,0/[in]  si.  The 
minimum  yield  of  the  apltaxlll  layer  vis  0752 ,  measured  In 
the  presence  of  the  top  polycrystalline  Pd^Sl. 

G9.43  ABSTRACT  NOT  AVAILABLE 

G9.44 

NON-UNEAR  DIFFUSION  IN  HgCdTe/CdTe  MULTILAYERS.  Y. 
JCm,  A.  Ourmazd,  R-D.  Feldman,  and  J-A.  Rentschler,  AT&T  Bell 
Labi,  Holm  del,  NJ  07733. 

We  apply  the  combination  of  chemical  lattice  imaging  and  vector 
pattern  recognition  to  the  HgCdTe/CdTe  system,  to  detennine  as  a 
function  of  annealing  temperature,  the  composition  of  individual 
atomic  planes  across  each  interface  of  a  multi-quantum  well  stack. 
The  resultant  composition  profiles,  which  directly  reveal  the  chemical 
change  across  each  interface  at  near-atomic  resolution  and  sensitivity, 
are  analysed  in  terms  of  linear  and  non-linear  diffusion  theory,  to 
deduce  the  interdiffusion  coefficient  and  its  activation  energy. 

Our  results  show  interdiffusion  to  be  a  sensitive  function  of  the 
interface  depth  beneath  the  surface.  Analysis  in  terms  of  linear 
diffusion  theory  yields  a  depth-dependent  activation  energy.  This 
depth  dependence  implies  a  dramatic  change  of  up  to  l(rx  in  the 
stability  of  a  quantum  well  as  its  depth  beneath  the  surface  is  varied. 

A  rigorous  analysis  in  terms  of  non-lineai  diffusion  theory  yields 
depth -independent  enthalpies  and  entropies  for  diffusion,  and  a  depth- 
dependent  pre- exponential  tactor.  This  indicates  the  depth- 
dependence  of  the  interdiffusion  to  arise  from  an  inhomogeneous, 
depth-dependent  distribution  of  the  point  defects  involved  in  the 
diffusion  process.  With  certain  assumptions,  our  results  essentially 
allow  the  investigation  of  the  native  defect  concentration  atomic  plane 
by  atomic  plane.  Such  unique  measui'emeuL  puividc  a  valuable  link 
with  theory,  and  are  vital  for  a  detailed  understanding  of  diffusion  at 
the  atomic  level. 
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G9.45 

CHARACTERIZATION  OF  RAMAN  SCATTERING  SPECTRA  IN 
AlGaP  TERNARY  ALLOYS.  Devki  N.  Talwar.  T.  D.  Fang, 
Department  of  Physics,  Indiana  University  of 
Pennsylvania,  Indiana  PA;  and  M.  Vandevyver,  CEA-  CEN 
de  Saclay,  B.P.  #  2,  91191,  France. 

Recently,  remarkable  success  has  been  achieved  in  the 
growth  processes  of  ternary  alloys  and  good  quality  of 
AlGaP  samples  are  prepared  by  the  organometallic  vapor 
phase  epitaxy  (OMVPE)  technique.  The  knowledge  of 
their  basic  physical  properties  (viz.,  lattice  dynamics,  band 
structure,  elastic  stiffness  constants  etc.,)  is,  however,  still 
meager.  Although,  inelastic  neutron  scattering  data  of 
phonon  dispersions  do  not  exist  for  Al-pnictides  some 
information  for  their  optical  phonon  mode  behavior  has, 
however,  been  obtained  through  infrared  (1R)  and  Raman 
scattering  (RS)  methods.  The  knowledege  of  impurity 
induced  first-order  Raman  scattering  (IFOR)  in  the  low 
frequency  region  is  not  known  at  this  time  but  is  very 
much  needed  for  material  characterization  of  device 
structures. 

Based  on  the  Green's  function  formalism,  a  theory  of  IFOR 
in  mixed  crystals  is  developed  and  applied  to  AlxGa^.xP. 
The  required  host  lattice  Greens  functions  are  obtained  in 
terms  of  a  realistic  lattice  dynamical  model  and  the  self 
energy  functions,  needed  in  the  explicit  expressions  for 
the  scattering  intensities  in  each  Raman  active 
representations  are  evaluated  to  first  order  in  x.  The 
calculated  results  in  the  low  composition  region  x  are 
compared  and  discussed  with  the  existing  Raman  data. 

G9.46 

ELECTRONIC  STRUCTURE  OF  Li-IMPURITIES  IN  ZnSe. 
Tamio  Qguchi  and  Taizo  Sasaki,  National  Research  Institute  for 
Metals,  Tokyo  153;  and  Hiroshi  Katayama-Yoshida,  Department  of 
Physics,  Tohoku  University,  Sendai  980,  Japan. 

Properties  of  lithium  impurity  in  zinc  selenide  is  recognized  as  a 
crucial  problem  in  fabricating  a  p-type  material  for  the  blue  color 
light-emitting-diode.  Only  little  is  known  on  the  electronic  structure 
and  the  stability  of  the  lithium  impurity  in  ZnSe. 

Electronic  structure  of  lithium  impurities  in  ZnSe  has  been  studied 
by  using  the  density-functional  molecular-dynamics  method 
proposed  by  Car  and  Parrinello,  with  a  supercell  model  and  a  norm- 
conserving  pseudopotential  method. 

Total  energies  and  electronic  properties  are  calculated  for 
substitutional  and  interstitial  impurity  configurations  as  well  as  for 
vacancy  systems,  by  taking  lattice  relaxation  into  account.  The 
stable  site  and  the  migration  path  for  a  lithium  atom  are  discussed  in 
detail.  Analysis  on  the  numerical  convergency  and  the  validity  of 
the  model  employed  is  also  presented. 

G9.47 

THE  DEEP  0. 1 1  eV  MANGANESE  ACCEPTOR  LEVEL  IN  GaAs.  M. 
Kleverman,  Lund  University,  Lund,  Sweden  and  E.  Janz^n.  M. 
Linnarsson,  B.  Monemar,  Linkbping  University,  Linkdping,  Sweden. 

We  have  used  FTTR  absorption  and  FTTR  photoconductivity  together  with 
photoluminescence  to  investigate  GaAs  doped  with  manganese.  In 
absorption  we  find  four  distinct  peaks  just  below  the  ionization  limit.  We 
interpret  the  peaks  as  due  transitions  from  the  ground  state  to  the  excited 
effective  mass  like  2Pj/2  g)  ,2Pj/j(r 7)  and  3P5/2(T g)  states  of 

the  substitutional  MnGa  acceptor.  By  adding  the  effective  mass  value  of 
the  2Pj/2(I~ g)  state  to  the  energy  position  of  the  corresponding  absorption 


peak  we  arrive  at  a  ground  state  binding  energy  of  1 12.4  meV. 

At  the  energy  distance  of  an  LO-phonon  from  the  excited  states  we  find 
their  Fano  replicas.  In  photoconductivity  even  higher  order  replicas  are 
visible.  In  absorption  the  replica  of  the  2P3/2  state  is  weak  and  can  only  be 
seen  as  a  small  dip  whereas  the  replicas  of  the  other  excited  states  are  quite 
strong.  In  the  photoconductivity  measurements  the  replica  of  the  2P3/2 
transition  is  the  strongest.  Besides  the  LO-phonon  replicas  of  the  excited 
state  transitions  another  set  of  replicas  is  visible  in  the  photoconductivity 
measurements.  Since  the  distance  between  the  two  sets  is  3  meV  it  might 
be  TO-phonon  replicas.At  lower  energies  there  are  structures  we 
tentatively  ascribe  to  Fano  replicas  of  the  2S3/2  state.  The  binding  energy 
of  the  2S3/2  state  would  then  be  25.2  meV,  which  is  considerably  deeper 
than  the  effective  mass  value  of  7.7  meV. 

The  oscillating  photoconductivity  above  the  ionization  limit  is  rather  weak. 
The  period  is  36.3  meV,  which  is  close  to  the  energy  of  the  LO-phonon. 
The  extrapolated  limit  is  110.2  meV,  which  is  2.2  meV  below  the 
ionization  limit 

The  results  of  uniaxial  stress  and  Zeeman  measurements  of  the  absorption 
lines  allow  us  to  present  a  detailed  description  of  the  electronic  structure  of 
the  Mnca  acceptor  in  GaAs. 

G9.48 

IDENTIFICATION  OF  SURFACE-RELATED  ELECTRON  TRAPS 
IN  UNDOPED  GAAS  BY  DEEP  LEVEL  TRANSIENT  SPECTROS¬ 
COPY.  K.C.Shin  and  I. S. Park,  Goldstar  Cable 
Research  Laboratory,  Anyang,  Kyungki,  Korea 


Electron  traps  present  in  the  melt-grown,  undoped 
n-type  GaAs  have  been  studied  by  deep  level  tran¬ 
sient  spectroscopy IDLTS ) .  Of  these  electron  traps 
with  energies  ranging  from  0.14  to  0.81  eV  from 
the  conduction  band,  some  are  believed  to  be 
related  to  the  surface  damage. 


To  see  clearly  which  electron  traps  are  related  tc 
surface  damage, we  prepared  grain  boundary  Schottky 
barrier  sample  in  the  measurement  of  DLTS ,  thereby 
removing  the  possible  effects  of  surface  damage 
which  can  be  introduced  in  the  formation  of 
Schottky  barrier  of  ordinary  sample  with  Au 
contact.  The  DLTS  signal  measured  with  increasing 
depletion  depth  of  grain  boundary  Schottky  barrier 
sample  was  compared  to  that  of  ordinary  Au  contact 
Schottky  barrier  sample  and  surface  damage  related 
electron  traps  were  distinguished  from  bulk  related 
ones . 

G9.49 

PHOTOLUMINESCENCE  STUDIES  OF  IMPURITIES  AND 
DEFECTS  IN  MERCURIC  IODIDE.  X.J.  Bao.  T.E.  Schlesinger, 
Carnegie  Mellon  University,  Pittsburgh  PA  15213,  R.B. 
James,  Sandia  National  Laboratories,  Livermore  CA 
94551,  A.Y.  Cheng  C.  Ortale,  EG&G  Energy  Measurements, 
Goleta  CA  93116. 

Mercuric  Iodide  (Hgl2)  has  gained  increasing  attention 
because  of  its  use  as  a  material  for  the  fabrication  of 
room  temperature  X-ray  and  gamma  ray  detectors.  The 
fabrication  of  high  quality  detectors  is  often  limited, 
however,  not  only  by  intrinsic  defects  in  the  material  but 
also  by  defects  introduced  during  processing.  We  report 
on  the  observation  of  several  new  fines  in  the 
near-band-edge  low  temperature  photoluminescence 
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spectrum  of  mercuric  iodide.  Further  we  have  studied 
the  effects  of  vacuum  exposure,  bulk  heating,  and 
chemical  etching  on  the  PL  spectrum  of  this  material. 
We  find  that  the  near  surface  region  has  a  different 
defect  structure  than  the  bulk  which  we  attribute  to 
iodine  deficiency.  Bulk  heating  for  times  ranging  from 
10  minutes  to  several  hours  modifies  the  defect 
structure  while  vacuum  exposure  does  not,  tshough  the 
latter  does  cause  material  loss  from  the  surface  of  a 
sample.  The  effects  of  metal  contact  on  mercuric  iodide 
have  also  been  studied.  Metals  investigated  include  Pd, 
Cu,  Sn,  In,  and  Al.  All  these  metals  cause  reproducible 
characteristic  changes  in  the  luminescence  spectrum  or 
introduce  new  emission  bands  into  the  spectrum.  These 
changes  may  be  due  to  the  introduction  of  the  metal  by 
diffusion  into  the  mercuric  iodide,  reaction  between  the 
mercuric  iodide  and  the  metal,  or  possibly  strain  at  the 
metal  semiconductor  interface.  These  studies  provide 
guidance  in  choosing  contact  material  and  proper 
processing  conditions  for  the  fabrication  of  high  quality 
nuclear  detectors. 

G9.50 

TRANSIENT  CURRENT  AND  TRANSIENT  CAPACITANCE 
MEASUREMENTS  OE  DEFECTS  IN  AIGaAs  MODFETS .  R. 
Maqno  and  R.  Shelby,  Naval  Research  Laboratory, 
Washington,  DC,  20375. 

The  defects  present  in  AIGaAs  MODFET  devices 
subjected  to  accelerated  lifetime  tests  have 
been  studied  by  transient  current  and  when  pos¬ 
sible  by  transient  capacitance  techniques.  By 
measuring  transient  source-drain  currents  fol¬ 
lowing  the  application  of  a  voltage  pulse  to  the 
gate,  it  is  possible  to  perform  a  Deep  Level 
Transient  Spectroscopy  (DLTS)  experiment  on  MOD¬ 
FET  devices  which  are  too  small  for  the  conven¬ 
tional  capacitance  DLTS.  As  a  first  step,  un¬ 
stressed  control  devices  large  enough  for  both 
DLTS  methods  were  examined  in  order  to  under¬ 
stand  the  similarities  and  differences  between 
the  two  techniques.  Both  the  capacitance  and 
current  spectra  contain  the  AIGaAs  DX  defect. 

By  comparison,  the  current  DLTS  spectra  for 
stressed  devices  contain  the  DX  defect  and  an 
additional  feature  which  is  not  found  in  the 
capacitance  DLTS  experiments.  This  additional 
feature  is  anomalous  in  that  the  transient  has  a 
sign  which  is  opposite  to  that  expected  for  a 
majority  carrier  trap.  An  analysis  of  the 
properties  of  the  new  defect  suggest  that  it  is 
located  in  the  channel  between  the  gate  and  ei¬ 
ther  the  source  or  the  drain. 

G9,51 

ELECTRON I C  AMD  OPTICAL  PROPERTIES  Off  DEEP  DONORS 
IN  HYDROGENATED  Al.GeixAo  DOPED  WITH  SILICON:  H. 
Mostofaoui,  R.L egros,  iLX&OYalliw:.,  LPSB,  CNR8, 

1  place  A.Briaud,  9218b  Meudon  Codex,  FRANCK; mid 
C.W.Tu.K.K.Xopf .ATT  Boll  Laboratories,  Murray 
Hill,  Row  Jersey,  07974,  DBA. 

Cl  doped  Al*Gat-*A«  epilayore  (x=0,37)  havo  been 
oxponed  to  a  R.F. hydrogen  plasma.  It  is  known 
that  such  a  treatment  generates  a  neutralisa¬ 
tion  of  the  D-X  contort  by  the  in-diffused  hydro¬ 
gen  atoms  11,2].  In  this  work,  we  report  the 
electronlo  and  optical  proportion  of  the  domi¬ 
nant  deep  donors  remaining  after  hydrogenation. 

The  binding  ettorgy  of  those  donors  is  similar  to 
that  of  the  D-X  oontera  measured  on  a  reference 
sample.  Howover,  the  photoconductivity,  at  a  gi¬ 
ven  temperature,  is  much  lens  persistent  in  the 
hydrogenated  sample:  the  electron  recapture  ti¬ 
me  is  4  to  &  orders  of  magnitude  lower  in  tho  hy¬ 
drogenated  sample  if  compared  to  the  reference 


sample.  This  means  that  the  barrior  hoight  for 
electron  capture  by  the  deep  donors  is  lower  com¬ 
pared  to  that  of  tho  D-X  centers.  Moreover,  the 
photon  energy  dependence  of  the  deep  donor  opti¬ 
cal  ionization  crosn-sootion  in  ehiftod  by  O.ZeV 
towards  higher  with  respect  to  the  D-X  center 
crosB-seotion  variation.  Thus, the  physical  pro¬ 
perties  of  the  doep  donors  remaining  after  hydro- 
gonation  are  different  from  that  of  the  D-X  oon- 
tere.  Modifications  of  the  D-X  oontor  proper¬ 
ties  brought  by  hydrogen  atoms  located  in  tho  vi¬ 
cinity  might  be  at  the  origin  of  thono  effects. 

[1]  J.C.Nablty  et  al.:A.P.L.,  &0.  921  (1987) 

[2]  R.Mostefaoui  et  al.:  J.A.P.,  64,  207  (1988) 

G9.52 

LUMINESCENCE  DUE  TO  Mn  DOPPED  CaP.  Teresa  Monteiro; 
and  Estela  Pereira.  Departamento  de  Ffslca,  Universfdade  de 
Avelro,  3800  Aveiro,  Portugal. 

Manganese  usually  gives  rise  to  strong  emission  bands  in  the 
near  infrared  in  most  host  crystals.  In  the  111— V  materials 
manganese  Is  known  to  originate  a  deep  centre  due  to  Mn+*  only 
In  GaP.  The  only  study  on  this  emission  is  due  to  A.T.  Vink  and 
G.G.P.  van  Gorkom  (J.  Luminescence,  £,  399  (1972)),  In  spite 
of  the  Interest  that  a  detailed  study  of  the  band  may  provide 
to  a  better  understanding  of  the  location  and  nature  of  levels 
found  in  Mn  dopped  GaP. 

In  this  work  we  present  a  detailed  study  of  the  characteristics 
of  the  Mn*2  luminescence  band  in  samples  with  different 
concentrations  of  Mn  and  of  donnors.  The  temperature  dependence 
of  the  luminescence  band  and  Its  lifetime  is  discussed.  The 
mechanism  of  thermal  quenching  of  the  luminescence  Is  also 
discussed. 

In  an  attempt  to  correlate  the  luminescence  data  with  former 
EPR  results  the  magnetic  field  splitting  of  the  emission  lines 
of  Mn+*  and  the  ESR  signals  of  the  same  samples  in  the  dark 
and  upon  band  gap  excitation  is  discussed. 

G9.53 

ZEEMAN  STUDY  OF  THE  1.040  eV  PHOTOLUMINESCENCE 
BAND  IN  CU  DOPED  SILICON.  K.G.  McGuigan,  M.O.  Henry, 
School  of  Physical  Sciences,  National  Institute  for  Higher 
Education,  Collins  Avenue,  Dublin  9,  Ireland;  M.H.  NaiarA. 
Departamento  de  Fisica,  Universidade  de  Aveiro,  3800  Aveiro, 
Portugal:  and  E.C.  Llghtowlers,  Department  of  Physics,  King's 
College,  Strand,  London,  WC2R  2LS,  England. 

The  major  features  In  the  photoluminescence  spectrum  of  silicon 
doped  with  copper  are  the  1.014  eV  and  the  .943  eV  bends.  The 
former  Is  though  to  occur  at  copper  pairs.  The  second  is  the 
dominant  feature  in  lightly  doped  samples.  A  third  band  with 
sharp  transitions  at  1.040  and  1.034  eV  Is  also  seen  In  copper 
doped  samples  that  have  been  heated  at  1000  C  for  very  short 
times  (one  minute)  or  annealed  for  10  minutes  at  700  C. 

We  report  on  the  temperature  dependence  of  this  luminescence 
band  and  on  the  effects  of  an  applied  magnetic  field. 

The  two  transitions  at  1.040  and  1.034  eV  are  found  to  occur 
from  two  excited  states  Into  a  common  ground  state  and  the 
observed  thermal  activation  energy  agree  reasonably  well  with 
the  measured  spectroscopic  separation. 

Zeeman  measurements  are  reported  on  the  1.040  and  1.034  eV 
lines  showing  that  the  lower  energy  fine  involves  a  spin  triplet 
excited  state  and  the  higher  energy  line  a  spin  singlet  excited 
state. 
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G10.1 

ATOMIC  DIFFUSION  AND  DEFECT  REACTIONS  IN 
SILICON  Sokrates  T.  Pantelides,  IBM  Research  Division,  Thomas 
J.  Watson  Research  Center,  P.  O.  Bon  218,  Yorktown  Heights,  NY 
10598 

In  recent  years,  it  has  been  possible  to  carry  out  first-principles 
calculations  of  many  key  properties  that  relate  to  defect  reactions 
and  atomic  diffusion,  e.g.  self-diffusion  and  the  diffusion  of  various 
impurities  (dopants,  hydrogen,  fluorine,  oxygen,  chalcogens,  transi¬ 
tion  metals).  A  number  of  long-standing  controversies  have  been 
resolved,  several  puzzles  have  been  elucidated  and  a  number  of 
predictions  have  been  made.  Representative  results  will  be  de¬ 
scribed  to  convey  a  sense  of  the  state  of  the  art.  Current  directions 
and  new  results  will  also  be  discussed. 

Acknowledgement:  This  work  was  supported  in  part  by  the  Office 
of  Naval  Research  under  contract  No.  N00014-84-C-0396.  It  is  a 
pleasure  to  acknowledge  the  following  collaborators  in  various  as¬ 
pects  of  this  work:  Y.  Bar-Yam,  .1.  Bernholc,  P.  Bloechl,  R.  Car,  P. 

J.  H.  Denteneer,  J.  D.  Joannopoulos,  P.  J.  Kelly,  F.  R.  McFeely, 
M.  Needels,  C.  S.  Nichols.  A.  Oshiyama.  and  C.  G.  Van  de  Walle. 

G10.2 

PRESSURE  AND  STRAIN  EFFECTS  ON  DIFFUSION.  A. 
Antonelli  and  J.  Bernholc,  NC  State  University,  Raleigh,  NC 
27695-8202. 

When  pressure  is  applied  to  a  crystal,  the  formation  enthalpy 
of  a  vacancy  increases  by  the  term  pVat,  where  V„t  is  the 
atomic  volume,  because  the  formation  of  a  vacancy  results  in  a 
transfer  of  an  atom  to  the  surface.  Similarly,  the  formation  en¬ 
thalpy  of  an  interstitial  decreases  by  pV„t,  while  this  term  is 
absent  in  the  activation  enthalpy  for  the  concerted  exchange. 
Our  first-principles  calculations  for  Si  show  that  the  pVat  dom¬ 
inates  the  pressure  induced  changes,  i.e.  the  activation  energy 
for  self-diffusion  increases  for  the  vacancy  mechanism,  de¬ 
creases  for  the  interstitial  mechanism  and  remains  approxi¬ 
mately  constant  for  the  concerted  exchange.  Since  the  pressure 
dependence  of  each  mechanism  is  different,  the  present  re¬ 
sults  suggest  that  a  set  of  experiments  carried  out  at  different 
pressures  can  unravel  their  relative  contributions  to  self-diffu¬ 
sion.  In  addition,  we  find  that  the  pressure  derivative  of  the 
formation  energy  of  the  vacancy  is  negative,  implying  an  in¬ 
wards  relaxation  of  the  nearest  neighbors  of  the  vacancy. 

Pseudomorphic  growth  on  non-Si  substrates  often  results  in 
substantial  changes  in  the  lattice  constants  parallel  and 
perpendicular  to  the  substrate  and  induces  largo  non-hydro- 
static  strains.  We  have  carried  out  calculations  for  Si  strained 
to  correspond  to  growth  on  a  GexSii_x  substrate  and  find  that 
the  formation  energy  of  the  interstitial  goes  substantially  down 
when  the  mole-fraction  of  Ge  is  increased,  while  the  formation 
energy  of  the  vacancy  remains  approximately  constant.  In 
general,  the  results  predict  a  sizable  enhancement  in  the  self- 
diffusion  coefficient  for  Si  grown  pseudomorphically  on  any 
substrate  with  larger  lattice  spacing  in  the  growth  plane. 

G10.3 

LOW-TEMPERATURE  DIFFUSION  OF  DOPANTS  IN  SILICON 
P.  Eahsy  and  M.  Wittmer,  IBM  T.  J.  Watson  Research  Center, 
Yorktown  Heights,  N.Y.  10598. 

It  has  been  recently  reported  that  diffusion  of  substitutional  dopant 
atoms  in  silicon  occurs  during  the  formation  of  transition-metal 
silicides  at  temperatures  below  300°  C.  Though  it  has  been  postulated 


that  the  mechanism  for  the  low-temperature  diffusion  is  related  to 
defect-enhanced  diffusion,  evidence  for  this  mechanism  is  still  lacking. 
We  have  created  buried  marker  layers  by  molecular  beam  epitaxy  to 
test  the  postulated  model.  The  silicon  samples  contain  a  delta-shaped 
distribution  of  dopant  atoms  that  is  used  to  probe  the  diffusion  en¬ 
hancement.  Our  results  show  that  the  enhancement  is  unquestionably 
due  to  point  defects  generated  by  the  silicide  formation.  We  observed 
the  effect  for  different  dopant  atoms  and  found  an  asymmetrical 
broadening  of  the  diffusion  profile,  where  diffusion  is  mainly  directed 
towards  the  surface.  This  is  the  first  experimental  evidence  for  a  ’wind 
effect’  which  has  been  discussed  theoretically  in  the  literature.  We 
present  the  results  of  simulating  the  asymmetrical  broadening  by  solv¬ 
ing  continuity  equations  for  the  diffusion  of  point  defects  and  dopant 
atoms  including  their  strong  coupling. 

G10.4 

DETERMINATION  OF  THE  FRACTIONAL  INTERSTI¬ 
TIAL  CY  COMPONENT  OF  DIFFUSION  FOR  ARSENIC 

M. Heinrich-  M.Budil,  H.W.Potzl,  TU-Wien,  Guflhausstrasse  27-29, 
A-1040  Wien,  Austria 

In  analyzing  the  experiments  of  Fahey  et  al.(  1 985 ) 1  it  is  shown,  that 
the  discrepancies  in  determination  of  the  fractional  interstitialcy 
component  of  diffusion  of  arsenic  arise  due  to  the  assumption 
<£p  =  <C^>  in  the  equation  =  (1  -  f + 

ff‘  >  made  by  the  authors  to  analyze  their  experiments.  This 

assumption  has  been  made  in  almost  all  previous  works  analyzing 
diffusion  under  nonequilibrium  conditions.  In  simulating  the  ex¬ 
perimental  data  by  means  of  the  pair  diffusion  model  of  Budil  et 
al.(1989)2,  which  accounts  for  the  concentration  of  the  dopants,  the 
pointdefects  and  the  dopant-defect  pairs  we  find  the  abovementioned 
assumption  not  justified.  A  consistent  treatment  shows  that  the  su¬ 
persaturation  of  dopant-pointdefect  pairs  during  nonequilibrium  con¬ 
ditions  and  the  supersaturation  of  pointdefects  do  not  show  the  same 
behavior,  as  the  number  of  dopant  atoms  is  limited  and  therefore  sets 
a  natural  limit  for  the  dopant-pointdefect  pair  supersaturation.  A 
unique  value  for  is  presented  which  makes  it  possible  to  explain 
the  diffusion  enhancement  under  surface  nitridation  as  well  as  surface 
oxynitridation  in  one  model. 

[IjP.Fahey,  G.Barbuscia,  M.Moslehi.  R.W. Dutton.  Appl.Phvs.Lett  4618).  IS  April 
1 985, p.784 

(2|M. Budil.  H.Potxl.  G.Stinxeder,  M.Grasserbaurr,  K.Goser.  Materials  isci-nce  Fo¬ 
rum  Vola  38 -41(  1989)pp. 719-724 

G10.5 

MEASUREMENTS  OF  ENHANCED  AND  RETARDED  DIF¬ 
FUSION  OF  BURIED  LAYERS  IN  SILICON  MEMBRANE 
STRUCTURES  DURING  OXIDATION.  Scott  T.  Dunham, 
Anuradha  M.  Agarwal  and  Nanseng  Jeng,  Electrical,  Computer  and 
Systems  Engineering  Department,  Boston  University,  Boston,  MA. 

Calculations  of  the  diffusion  coefficient  of  silicon  self  interstitials  vary 
over  several  orders  cf  magnitude  at  temperatures  of  interest  for  in¬ 
tegrated  circuit  fabrication.  Previously,  these  differences  have  been 
explained  by  invoking  a  bulk  trapping  phenomenon.  An  alternative 
explanation  is  suggested  by  the  observation  that  lower  values  of  in¬ 
terstitial  diffusivity  are  calculated  from  experiments  in  which  intersti¬ 
tial  concentration  is  monitored  near  non-oxidizing  SiOj  interfaces  and 
higher  values  are  calculated  when  monitored  in  the  bulk;  thereby  pos¬ 
sibly  indicating  that  the  interactions  of  interstitials  with  the  SiOj  film 
may  be  more  complicated  than  a  constant  interface  regrowth  velocity. 
In  this  work,  in  order  to  distinguish  between  bulk  and  interface  interac¬ 
tions,  we  measure  the  enhanced  and  retarded  diffusion,  respectively,  of 
phosphorus  and  antimony  buried  layers  while  interstitials  are  injected 
at  a  wafer  surface  via  thermal  oxidation.  The  starting  substrates  were 
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float-zone  silicon  and  Czochralski  silicon  with  or  without  pre-treatment 
to  precipitate  excess  oxygen.  The  samples  were  prepared  by  implan¬ 
tation  of  P  or  Sb  followed  by  the  growth  of  an  epitaxial  layer.  They 
were  then  etched  anisotropically  from  the  backside  to  yield  membrane 
structures.  Local  oxidation  is  performed  on  either  the  front  or  back 
side  of  each  wafer  and  buried  layer  diffusion  is  monitored,  yielding  in¬ 
formation  about  interstitial  diffusion  in  silicon  and  how  it  depends  on 
bulk  properties. 

GX0.6 

MIGRATIONS  OF  INTERSTITIAL  ATOMS  IN  SEMICONDUCTORS.  T.Wada, 
A.Takeda,  M.Ichimura,  Nagoya  Institute  of  Technology,  Showa, 
Nagoya,  466,  Japan;  and  M.Takeda,  Government  Industrial  Re¬ 
search  Institute,  Nagoya,  462,  Japan. 

Zn  and  Ge  atoms  were  introduced  into  the  unirradiated 
regions  of  GaAs  at  50  C  and  Si  wafers  at  140  C,  respectively 
by  using  the  electron-beam  doping  method.  The  surfaces  o f^ 
GaAs  substrates  (undoped  (100),  LEC)  with  an  area  of  13x20mm 
(t=  0.6mm)  and  Si  wafers  (area  17x30mm  ,  t-0.25mm)  were  cov¬ 

ered  partially  (like  - — »)  by  the  over  layers  of  Zn  sheet 
(5x5mm  ,  t*0.5mm)  and  Ge  wafer  (10x10mm  ,  t=0,5mm),  respec¬ 

tively.  The  only  surfaces  of  the  Zn  and  Ge  sheets  were  ir¬ 
radiated  locally  with  the  fluences  of  5x10  (in  water  bath) 
and  lxlCr’electrons/cnr  (in  vacuum)  at  7MeV,  respectively.  Even 
at  a  distance  ofvlOmm  from  the  irradiated  overlayers  in  the 
GaAs  and  Si  substrates,  Zn  and  Ge  atoms  respectively,  whose 
interstitials  may  migrate  the  unirradiated  regions,  were 
detected  by  SIMS  measurements.  On  the  other  hand,  the  sur¬ 
faces  of  only  GaAs  wafers(6xl2mnr  )  without  Zn  sheet  (array  I, 
ti=) ,  Zn(5x5mm  ,  t=0.5mm)/GaAs(13x20mnr  )  (array  II  ,ljs..„a) 
and  Zn(6x6mm,  t=0.5ram)/Zn/GaAs£6xl2mrti  )  (array  III, re — i) 
were  irradiated  partially  at  50  C  by  the  area  of  6x6imrr  for 
arrays  I  and  III,  and  5x5mnTfor  array  II,  respectively.  In 
the  case  of  arrays  I  and  II,  the  photoluminescence  (PL)  for 
the  GaAs  substrates  disappeared  in  every  region  at  77K  before 
annealing.  However,  it  should  be  emphasized  for  array  III 
that  PL  large  peaks  attributed  to  Ga  antisite  defects  (Ga.  ) 
at  I.445eV  were  observed  even  at  a  distance  of  n,5mm  from  tne 
irradiated  regions  before  annealing.  The  concentration  of  Ga^ 
created  by  ■  the  reaction  of  the  kick-out  mechanism  in 
array  III,  Zn  .ZZn  +Ga.,  is  much  higher  than  that  produced  in 
arrays  I  and  1II,  where  subscripts  of  i  and  s  mean  inter¬ 
stitial  and  substitutional  states.  Then,  Ga  diffuses  into 
the  unirradiated  regions  and  GaAs  defects  may  be  introduced 

bv  a  reaction,  Ga.ZGa,  +As.. 

l  As  i 

Gll.l 

MEASUREMENTS  OF  ENHANCED  OXYGEN  DIFFUSION  IN 
SILICON  DURING  THERMAL  DONOR  FORMATION:  NEW 
EVIDENCE  FOR  POSSIBLE  MECHANISMS.  A.R.  Brown, 

R.  Murray,  R.C.  Newman  and  J.H.  Tucker,  Interdisciplinary 
Research  Centre  Semiconductor  Materials,  Imperial  College, 

The  Blackett  Laboratory,  Prince  Consort  Road,  London,  SW7 
2BZ,  U.K. 

Recently  it  has  been  shown  that  heat  treatment  of  Czochralski 
silicon  in  a  hydrogen  plasma  enhances  the  rates  of  thermal 
donor  formation  and  the  loss  of  oxygen  from  solution  by  factors 
of  5,  30  and  300  at  450,  400  and  350°C  respectively.  The 
inference  is  that  TD-formation  is  controlled  dv  long  range 
diffusion  of  interstitial  oxygen  atoms,  since  ENDOR  studies 
show  oxygen  to  be  present  in  the  defects.  We  have,  therefore, 
re-appraised  and  extended  measurements  of  the  rate  of  loss  of 
oxygen  in  furnace  annealed  samples  at  low  temperatures  down 
to  315°C.  The  new  data  indicate  an  activation  energy  dose  to 
1.8eV,  the  value  found  for  TD-formation.  There  ts  also  an 
indication  that  a  previously  proposed  model  of  oxygen  dimer 
formation  is  incorrect. 

Antillary  experiments  involving  2MeV  electron  irradiation  and 
H  -  plasma  treatments  of  samples  provide  no  evidence  that  the 
enhanced  diffusion  results  from  the  presence  of  either  self 
interstitials  or  vacandes.  It  is  possible  that  hydrogen  impurities 
may  be  responsible  for  the  observed  effects,  although  it  is  not 


implied  that  hydrogen  is  a  constituent  of  TD-centres.  The 
enhancement  cannot  be  due  to  an  intrinsic  property  of  the 
oxygen  as  it  is  necessary  to  account  for  the  results  of  the 
relaxation  of  stress  -  induced  dichroism  which  show  normal 
diffusion  jump  rates  in  some  samples. 

Gll.2 

A  STEADY-STATE  MODEL  FOR  COUPLED  DEFECT-IMPURITY 
DIFFUSION  IN  SILICON.  F.  F.  Morehead  and  R.  F.  Lever, 

IBM  Ease  Fishkill  Facility,  Hopewell  Junction,  NY. 

We  extend  and  generalize  our  earlier  model  which  was 
proposed  to  explain  tails  in  Che  diffusion  profiles  of 
high  concentration  boron  and  phosphorus  in  silicon. 

Our  quasi-steady-state  approach  is  generalized  to 
include  both  vacancies  (V)  and  self-interstitials  (I) 
at  equivalent  levels.  I-V  recombination  is  regarded  as 
near  local  equilibrium,  occurring  through  reactions  of 
the  defects  with  defect-impurity  pairs.  This  approach 
leads  directly  to  important  details  such  as  the  well- 
known  plateau,  kink  and  tail  in  high  concentration 
phosphorus  diffusions  in  silicon  and  to  the  less  well 
recognized  tails  in  boron  as  well,  with  no  additional 
ad  hoc  assumptions.  Our  extended  model,  in  its 
simplest  form,allows  a  more  complete  and  less 
restrictive  treatment  than  the  usual  combination  of 
"kick-out"  and  Frank-Turnbull  models  of  gold  ln- 
diffusion  in  silicon.  An  important  advantage  is  the 
direct  Inclusion  of  these  defect-impurity  interactions 
and  the  resulting  gradients  in  the  defect  concentrations, 
which  gradients  are  ignored  even  in  the  latest  versions 
of  popular  process  simulation  programs,  such  as  SUPREM 
IV.  Our  model  provides  insights  that  are  unique  to 
this  approach  and  yields  details  of  the  diffusion 
process  which  would  be  otherwise  accessible  only  to  a 
full-blown  model  tracking  all  of  the  diffusing  species, 
defects  and  defect-impurity  pairs.  Such  a  model  would 
consume  about  a  million  times  more  computer  processing 
time  than  our  more  transparent  steady-state  approach. 

Gil. 3 

HIGH  AND  LOW  TEMPERATURE  MEASUREMENTS  OF  THE 
CHROMIUM  DIFFUSIVITY  IN  SILICON.  J.  Zhu,  P,  Bar  to 
Laboratoire  de  Physique  de  la  Matiire,  Bat.  502,  Instimt  National  des 
Sciences  Appliquees  de  Lyon,  20  Avenue  Albert  Einstein,  F69621 
Villeurbanne  Cedex,  France. 

The  diffusivity  of  most  of  the  3d  metals  in  Silicon  have  been  already 
assessed  in  the  high  temperature  range  with  however  a  very  poor 
accuracy,  making  the  extrapolation  toward  low  temperature  hazardous. 
Moreover,  low  temperature  measurements  achieved  only  in  the  case  of 
Fe,  disagreed  by  several  order  of  magnitude  with  the  diffusivity  law 
derived  from  the  fit  of  high  temperature  data. 

In  this  work,  the  diffusivity  of  Chromium  in  Silicon  has  been  studied  in 
the  20- 1050  °C  range.  Chromium  films  were  sputtered  onto  one  face  of 
Boron-doped  Silicon  samples  which  were  subsequently  annealed  and 
quenched  in  a  Rapid  Thermal  Processor.  The  diffusion  coefficients 
between  850  and  1050  8C  were  obtained  by  erfc  fitting  of  the 
Chromium- Boron  pair  profiles,  measured  by  means  of  Deep  Level 
Transient  Spectroscopy  a  few  days  after  diffusion.  Low  temperature 
diffusivities  were  derived  from  the  rate  constant  of  the  diffusion-limited 
Chromium-Boron  pairing  reaction,  monitored  by  Deep  Level  Transient 
Spectroscopy  in  Chron aum-contaminated  specimens  at  fixed  temperatures 
of  the  20-100  °C  interval. 

Wheras  our  high  temperature  diffusivity  values  were  in  close  agreement 
with  the  early  determinations  of  Bendik  and  WUrker,  we  measured  low 
temperature  diffusivities  at  least  one  order  of  magnitude  higher  than  those 
extrapolated  from  the  high  temperature  diffusivity  law.  Due  to  a  more 
expanded  1/T  interval  in  the  low  temperature  range,  the  Arrhenius  fit  of 
the  data  points  from  20  to  1050  °C  is  likely  to  be  more  reliable  than  the 
previous  high  temperature  determinations.  Thus,  our  results  suggest  that 
the  energy  barrier  for  the  jump  of  Chromium  atoms  between  two  adjacent 
interstitial  sites  should  be  rather  0.85  eV  than  1.0  eV  so  far  assumed. 
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611.4 

THE  FORMATION  OF  SILICON-RICH  SILICIDES.  Maria  Ronay, 
IBM  T.J.  Watson  Research  Center,  Yorktown  Heights,  NY. 

While  it  is  known  that  the  formation  of  transition-metal  (TM)  disilicides 
between  silicon  single  crystals  and  thin  polycrystallinc  TM  overlayers 
takes  place  by  silicon  diffusion  at  a  temperature  as  low  as  450°C  for 
CrSi2,  and  as  high  as  750  "C  for  HfSij,  such  formation  temperatures  are 
hard  to  reconcile  with  the  large  activation  energy  for  silicon  self- 
diffusion  (4.1  to  5.1  eV).  I  find  that  the  formation  temperature  of 
disilicides  correlates  with  the  size  of  the  TM  atom,  suggesting  that  TM 
diffusion  may  be  the  rate  limiting  step.  Transition  metals  diffuse 
interstitially  in  silicon  with  an  activation  energy  as  low  as  0.43  eV  for  the 
small  copper  ion  and  as  high  as  1.5  eV  for  the  large  titanium  atom. 

In  order  to  investigate  this  suggestion  we  choose  rhenium  as  an  example 
for  a  relatively  slow  diffusing  TM.  We  studied  the  formation  of  RcSij 
alone,  and  we  studied  it  by  adding  fast-diffusing  copper  to  the  system. 
Using  thin  film  layered  structures,  inert  gas  annealing  and  Auger 
electron  spectroscopy  combined  with  sputter  profiling  and  x-ray  analy¬ 
sis,  we  found  that  for  Re-Si  diffusion  couples  the  formation  temperature 
of  ReSij  is  900°C,  the  highest  reported  for  a  disilicide.  In  the  case  of 
Cu-Re-Si  or  Re-Cu-Si  diffusion  'couples'  the  formation  temperature  of 
ReSij  is  reduced  to  400- 500° C.  While  in  both  cases  ReSij  forms  by 
silicon  diffusion,  in  the  presence  of  copper  this  is  preceded  by  copper 
diffusing  into  silicon.  Structural  relations  indicate  that  the  formation  of 
CujSi  precipitate  injects  silicon  self-interstitials  into  the  silicon  lattice,  a 
fast  diffusing  species,  which  then  forms  the  ReSij  at  much  lower  tem¬ 
perature  than  without  copper.  Theoretical  results  of.loannopoulos  el 
at.,  Pantelides  et  at.  and  Baraff  el  at.  predict  very  low  harriers  to  the 
migration  of  silicon  self-interstitials.  The  results  reported  here  suggest 
that  the  diffusion  ofTM  atoms  (ions)  into  silicon  precedes  and  promotr* 
the  diffusion  of  silicon  into  the  TM  films  by  forming  silicon  interstitials 
or  by  otherwise  weakening  the  silicon  bonds. 

Gil. 5 

PRECIPITATION  OF  COPPER  AND  COBALT  AT  GRAIN 
BOUNDARIES  IN  SILICON.  U.  Jendrich,  HJ.  Mailer.  Department  of 
Materials  Science  and  Engineering,  Case  Western  Reserve  University, 
Cleveland,  OH  44106;  and  T.  Tfitken,  IV.  Physics  Institute,  University  of 
Gdttingen,  3400  GOttingen,  FRG. 

Many  of  the  electronic  properties  of  polycrystalline  semiconductors  are 
related  to  grain  boundary  phenomena.  Recent  experimental  results  indicate 
that  segregating  shallow  and  deep  level  impurities  like  phosphorous  or 
transition  metal  impurities  are  more  important  far  their  electrical  properties 
than  has  been  previously  assumed,  however,  little  is  known  about  the 
segregation  behavior  of  many  of  these  impurities.  This  study  will  present 
experimental  results  on  the  interaction  of  copper  and  cobalt  with  grain 
boundaries  in  silicon. 

Czochralski  grown  bicrystals  containing  a  single  coincidence  grain 
boundary  and  large  grained  polycrystalline  silicon  were  used  for  the 
gettering  experiments.  The  metals  were  diffused  in  the  crystal  from  a 
surface  source  at  temperatures  between  850°  and  1050°  C  until  a 
homogeneous  distribution  of  the  impurities  in  the  bulk  was  achieved.  In  the 
case  of  cobalt  a  radioactive  isotope  57Co  was  used  and  the  distribution  of 
the  element  in  the  bulk  analysed  by  a  tracer  technique  combined  with 
MSssbauer  spectroscopy,  which  allowed  a  quantitative  analysis  even  at  very 
low  impurity  levels.  Depending  on  the  temperature  and  cooling  rate  the 
metallic  impurities  accumulate  inhomogeneously  at  the  grain  boundary 
forming  metal  silicide  precipitates.  TEM  investigations  were  carried  out  to 
analyse  the  distribution,  morphology,  size  and  the  crystallographic  structure 
of  the  precipitates. 

The  results  show  that  structural  features  in  the  grain  boundary  like 
dislocations  and  steps  facilitate  the  nucleation  and  lead  to  the 
inhomogeneous  distribution,  and  that  the  gettering  depends  strongly  on  the 
thermal  history  of  the  specimens. The  results  obtained  so  far  are  discussed 
from  the  perspective  of  the  electrical  transport  properties  of  grain 
boundaries. 


G11.6 

Annealing  of  ion  implanted  tin  in  silicon:  A  RBS/ 
channeling,  Mossbauer  spectroscopy  and  TEM 
investigation  of  solubility  and  residual  defects. 

P.  Kringhaj,  A.  Nylandated  Larsen,  and  J.  W.  Petersen,  Institute  of  Physics, 
University  of  Aarhus,  DK-8000  Aarhus  C,  Denmark 

This  work  reports  results  from  an  investigation  over  a  wide  concentration 
range  of  the  Si-Sn  system  produced  by  ion  implantation  of  Sn  into  <100> 
silicon. 

A  homogeneous  profile  to  a  depth  of  2000  A  of  n9Sn  was  obtaaed  by  a  triple 
implantation  techniques.  Samples  with  concentrations  in  the  range 
3.0T0,oem-3  to  1 .7- 1031  cm-3  were  RTA  or  furnace  annealed.  The  samples 
were  investigated  with  the  following  technique:  RBS/channeling,  Mossbauer 
spectroscopy  and  TEM. 

By  following  the  formation  and  subsequent  dissolution  of  Sn  precipitates  as 
a  function  of  annealing  time  and  temperature,  the  solubility  of  Sn  in  Si  was 
determined  in  the  temperature  range  1000  to  1200*C. 

For  temperatures  at  or  above  1000'C  and  for  Sn  concentrations  below 
6T0Joem->  perfect  regrowth  of  the  implanted  layer  and  removal  of  residual 
defects  was  achieved  for  annealing  times  larger  than  ~10s.  This  leads  us  to 
propose  Sn  as  an  ideal  preamophisation  candidate. 

G11.7 

EXTREME  SUPERSATURATION  OF  OXYGEN  IN  LOW- 
TEMPERATURE  EPITAXIAL  SILICON  AND  SILICON- 
GERMANIUM  ALLOYS  -  P-V.  Schwartz.  J.C.  Sturm,  P.M.  Garone, 
Dept,  of  Electrical  Engineering,  Princeton  University,  Princeton, 
N.J.  08544;  and  S.A.  Schwarz,  Bellcore,  Red  Bank,  N.J.  07701 

The  solid  solubility  of  oxygen  in  silicon  has  a  well  accepted 
maximum  of  approximately  2  x  1018cm~3.  Using  a  combination  of 
rapid  thermal  processing  and  chemical  vapor  deposition  known  as 
Limited  Reaction  Processing,  we  have  grown  epitaxial  silicon  and 
silicon-germanium  strained  layer  alloys  with  oxygen  concentrations 
up  to  1021cm-3  (over  \%  of  the  atomic  composition).  The  concen¬ 
trations  were  measured  by  SIMS  calibrated  against  implant  stan¬ 
dards. 

Although  the  exact  nature  of  the  oxygen  is  not  known,  it  is 
thought  that  the  oxygen  does  not  exist  in  precipitate  form,  even 
though  conventional  theories  would  predict  a  large  number  of  pre¬ 
cipitates  given  the  extreme  supersaturation  and  thermal  history  of 
the  samples.  No  precipitates  have  yet  been  seen  by  TEM.  IR 
transmission  shows  a  large  peak  shifted  from  that  of  normal  inter¬ 
stitial  oxygen  in  silicon,  and  suggests  that  hydrogen  may  be  playing 
an  important  role.  This  is  consistent  with  the  fact  that  the  source 
of  the  oxygen  is  thought  to  be  water  vapor  adsorbed  on  the  quartz 
walls  of  the  growth  chamber. 

Despite  these  large  oxygen  concentrations,  layers  may  be  grown 
without  stacking  faults  or  dislocations.  Electron  channeling  pat¬ 
terns  are  indistinguishable  from  those  of  bulk  wafers.  Further,  high 
quality  electrical  devices  such  as  heterojunction  bipolar  transistors 
have  been  made  in  these  films.  This  work  has  been  supported  by 
ONR  and  NSF. 

G12.1 

DIFFUSION  IN  INHOMOGENEOUS  SYSTEMS,  STUDIED  AT 
NEAR-ATOMIC  RESOLUTION.  A.  Ountvcd ,  J.  Cunningham,  Y. 
Kim,  and  M.  Bode,  AT&T  Bell  Labi,  Holmdei,  NJ  07733. 

Modem  materials  and  devices  are  highly  inhomogeneous  systems.  It  is 
thus  necessary  to  investigate  diffusion  at  extremely  high  spatial 
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resolution,  and  hence  sensitivity.  We  have  developed  a  technique 
based  on  chemical  lattice  imaging,  that  can  quantitatively  measure 
diffusiviu'es  as  small  as  10'2°cm2/s>  sampling  regions  ~10‘19cm3  in 
volume.  This  method  essentially  maps  the  composition  of  materials 
with  atomic  sensitivity,  and  reveals  the  atomistic  details  of  the 
division  process. 

The  application  of  our  approach  to  intermixing  in  the  GaAs/AJGaAs 
and  the  HgCdTe/CdTe  systems  shows  the  interdiffusion  coefficient  to 
be  a  sensitive  function  of  the  interface  distance  horn  the  surface. 
Similarly,  we  are  able  to  observe  the  kinetic  intermixing  induced  in 
multilayered  systems,  when  a  single  energetic  ion  enters  each  2000  A2 
of  the  interface.  Finally,  we  can  Image  (-doped  layers  in  GaAs, 
directly  determining  their  width,  the  in-plane  distribution  of  the 
dopants,  and  their  outdiffusion  during  different  growth  procedures,  or 
subsequent  anneals. 

In  this  paper  we  describe  how  such  measurements  can  shed  light  on 
the  details  of  diffusion  and  intermixing  in  semiconductor  multilayers, 
systems  that  are  highly  inhomogeneous  and  far  from  equilibrium. 

G12.2 

GROWTH  OF  GaAs  ON  Ge  SUBSTRATES  BY  ATOMIC  LAYER 
EPITAXY*.  J-  Ramdani.  B.T.  McDermott,  N.  El-Masry  and 

S. M.  Bedair,  Electrical  and  Computer  Engineering  Department,  N.C. 
State  University,  Raleigh,  North  Carolina 

The  GaAs/Ge  system  suffers  from  problems  such  as  epilayer  crystal¬ 
line  quality  and  interdiffusion  of  Ge,  Ga  and  As.  Atomic  Layer  Epi¬ 
taxy  (ALE)  can  offer  improved  GaAs/Ge  interfaces  because  of  its  two 
dimensional  growth  nature  and  its  ability  for  low  temperature  depo¬ 
sition. 

GaAs  was  grown  on  Ge  at  300°C  and  400°C  using  TEG  and  TMG 
respectively.  This  low  deposition  temperature  has  resulted  in  the 
near  elimination  of  the  outdiffusion  of  Ge  into  the  GaAs  epilayers. 
SIMs  data  indicated  a  drop  in  the  Ge  concentration  by  five  orders  of 
magnitude  in  the  GaAs  film  over  a  thickness  of  150  A  away  from  the 
Ge  interface.  This  represents  a  substantial  improvement  over  other 
GaAs  films  grown  by  ALE  at  450°C  or  by  MOCVD  at  550°C.  TEM 
data  also  showed  that  ALE-grown  GaAs/Ge  interfaces  are  almost 
free  from  stacking  faults  and  antiphase  domains.  The  I-V  charac¬ 
teristics  of  GaAs/Ge  junctions  were  thyristor-like,  diffused  or  abrupt 
junctions,  depending  on  the  ALE  growth  temperatures. 

We  will  report  on  the  use  of  the  ALE  self-limiting  adsorption  process 
of  TMG  to  control  the  indiffusion  of  Ga  into  an  n-type  Ge  substrate 
at  the  monolayer  levels.  This  was  followed  by  low  temperature  ALE 
growth  of  GaAs  which  resulted  in  an  improved  nn+  GaAs-p+n  Ge 
heteToj  unction. 

•Supported  by  ONR/SDIO  Contract  N00014-88-K-0527 
G12.3 

EXTREMELY  RAPID  SN  DIFFUSION  IN  GAAS  AND  (AL.GA)AS 

T. F. Kuech,  M.Goorsky,  F.Cardone,  G.Scilla,  and 
R.Potemski,  IBM  T.J. Watson  Research  Center,  P.O.Box 
218,  Yorktown  Heights,  NY,  10598. 


Tin  is  a  n-type  dopant  in  GaAs  and  (Al.Ga)As.  It  has 
been  recently  studied  in  the  growth  of  (Al.Ga)As  in 
conjunction  with  its  characteristics  as  a  DX  center. 
We  have  studied  the  diffusion  of  Sn  in  both  GaAs  and 
(Al,Ga)As  grown  by  metal-organic  vapor  epitaxy  (M0VPE). 
Unlike  other  group  IV  dopants  in  GaAs,  Sn  is  an  ex¬ 
tremely  fast  diffuser  at  both  low  temperatures  and  low 
Sn  concentrations.  It  diffuses  much  more  rapidly  than 
Zn  or  Mg  in  similar  structures  under  like  annealing 


conditions.  We  have  measured  the  diffusion  of  Sn  in 
both  GaAs  and  (Al.Ga)As  as  a  function  of  alloy  compo¬ 
sition,  annealing  temperature,  and  Sn  concentration. 
This  matrix  of  samples  and  annealing  conditions  allows 
for  the  study  of  influence  of  the  bandgap  on  the  dif¬ 
fusion  characteristics.  The  Sn  diffusion  coefficient 
is  found  to  be  highly  concentration  dependent  as  well 
as  dependent  on  the  alloy  composition.  The  Sn  diffusion 
coefficient  in  (Al,Ga)As  is  also  sensitive  to  the 
electrical  characteristics  (i.e.  Fermi  level)  of  the 
matrix  into  which  it  is  diffusing.  A  higher  diffusion 
coefficient  was  found  for  diffusion  into  n-type 
AV.GaosAs  than  nominally  undoped  or  p-type  material. 
Both  the  modeling  of  the  diffusion  profiles  and  a  dis¬ 
cussion  of  the  results  in  terms  of  the  current  models 
of  fast  diffusion  in  GaAs  will  be  given. 

G12.4 

DIFFUSION  OF  ION  IMPLANTED  MAGNESIUM  AND 
BERYLLIUM  IN  GALLIUM  ARSENIDE.  Hevward  G  Robinson 
Michael  D.  Deal,  and  David  A.  Stevenson,  Stanford  University, 
Stanford  CA. 

Magnesium  and  beryllium  are  finding  increasing  use  as  p-type 
dopants  in  gallium  arsenide.  The  annealing  behavior  of  samples 
implanted  with  these  dopants  has  been  studied  extensively  by 
several  researchers  but  the  basic  mechanisms  governing  their 
redistribution  have  not  been  fully  understood.  In  this  paper  we 
report  on  some  recent  progress  in  this  area. 

Magnesium  implants  show  three  diffusion  regions:  1 )  rapid  uphill 
diffusion  in  the  peak  of  the  implant;  2)  rapid  concentration- 
independent  diffusion  in  the  tail;  and  3)  slow  concentration- 
dependent  diffusion  in  between.  Beryllium,  in  contrast,  shows 
only  concentration  dependent  diffusion.  Uphill  diffusion  can  be 
induced  in  beryllium  implants  by  co-implanting  with  a  heavier 
element  such  as  argon.  Paradoxically,  this  retards  the 
concentration  dependent  diffusion.  This  behavior  can  be 
explained  with  the  Substitutional-Interstitial-Diffusion  (SID) 
mechanism  and  an  understanding  of  the  defect  chemistry  after 
implantation.  In  the  region  of  uphill  diffusion,  the  dopants  are 
seen  to  getter  tram  areas  ot  excess  interstitials  to  areas  of  excess 
vacancies.  A  critical  concentration  of  damage  is  required  to 
initiate  uphill  diffusion  which  explains  why  it  is  observed  in 
magnesium  implants  and  only  in  beryllium  implants  when  argon 
is  co-implanted.  The  implant  damage  reduces  the  concentration 
dependent  diffusion  by  shifting  dopant  atoms  from  interstitial  to 
substitutional  sites. 

G12.5 

DEFECT  FORMATION  DURING  Zn  DIFFUSION  INTO  GaAs. 

M  ■  Luvsbera .  W.  JSger,  K.  Urban,  Institut  fur 
Festkbrperf orschung ,  KFA  Julich;  M.  Perret,  N. 
Stolwijk,  and  H.  Mehrer,  Institut  fur  Metallfor- 
schung,  Universitat  Munster,  F.R.  Germany. 

The  microstructural  evolution  during  Zn  diffusion 
into  semi-insulating  GaAs  single  crystals  at 
1170  K  was  characterized  for  various  diffusion 
times  t<1740  min  by  analytical  electron 
microscopy.  The  results  were  compared  with  Zn 
concentration  profiles  obtained  by  spreading 
resistance  measurements  (SRM)  on  the  same 
samples . 

Crystal  lattice  defects  were  observed  only  in  the 
depth  region  between  the  surface  and  the  diffu¬ 
sion  front  which  could  be  Identified  unambiguous¬ 
ly  by  SRM.  The  diffusion  front  was  found  to  be 
characterized  by  the  presence  of  prismatic  inter¬ 
stitial-type  dislocation  loops  and  of  cavities 
partly  filled  with  Ga.  Behind  the  diffusion  front 
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a  dislocation  network  was  observed.  The  disloca¬ 
tions  were  decorated  and  surrounded  by  Ga- 
enriched  precipitates .  Closer  to  the  surface  the 
dislocation  density  decreased  and  facetted  voids 
and  vacancy-type  dislocation  loops  were  observed. 
Just  below  the  surface  SRM  yielded  a  Zn 
concentration  plateau  and  electron  microscopy 
showed  a  high  density  of  Zn-rich  precipitates . 

A  model  is  presented  which  accounts  for  these 
observations.  It  is  based  on  fast  interstitial  Zn 
diffusion  and  the  kick-out  mechanism  for 
interstitial-substitutional  exchange.  A  possible 
contribution  of  the  Frank-Turnbull  mechanism  well 
behind  the  diffusion  front  is  discussed. 

G12.6 

Room  •  Temperature  Diffusion  of  Mn  in  CdTe  and 
the  Formation  of  Cd-j^MnjjTe.  A.  Wall,  A.  Raisanen, 
G.  Haugstad,  and  A.  Franciosi.  Department  of  Chemical 
Engineering  and  Materials  Science,  University  of 
Minnesota,  Minneapolis,  MN  55455. 

Deposition  of  Mn  at  room  temperature  onto  atomically 
clean  CdTe  (110)  surfaces  yields  atomic  interdiffusion 
for  metal  coverages  e  s  3  A  with  Mn  atoms  occupying 
cation  sites  within  the  surface  and  near-surface  layers 
of  the  semiconductor,  and  the  displaced  Cd  atoms 
migrating  away  from  the  surface.  Synchrotron  radiation 
photoemission  studies  of  the  surface  region  as  a 
function  of  the  photoelectron  escape  depth,  and  parallel 
studies  of  bulk  ternary  alloys  cleaved  in-situ,  indicate 
room-temperature  diffusion  lengths  for  Mn  larger  than 
18  A.  and  the  formation  of  relatively  homogeneous 
ternary  semimagnetic  semiconductor  surface  alloys 
throughout  the  0  <  x  <  0.95  composition  range.  The 
highest  Mn  concentration  observed  far  exceed  those 
obtainable  with  bulk  crystal  growth  methods, 
indicating  that  the  surface  free  energy  plays  an 
important  role  in  determining  the  stability  of  the 
ternary  surface  layer.  The  resulting  simplified 
atomic-layer-epitaxy  method  holds  promise  for  the 
synthesis  of  a  wide  variety  of  semimagnetic 
semiconductor  superlattices. 


InAsSb,  and  GaAsf  will  be  described.  Surprisingly,  no  strong  correlation 
between  atomic  size  difference  and  the  degree  of  ordering  has  been 
observed.  Another  unexpected  observation  is  that  the  preferred  ordered 
structure  for  the  ternaries  Gain?,  InPSb,  InAsSb,  and  GaAsP  involves 
ordering  along  the  { 1 1 1 }  directions.  Both  first  principles  total  energy  and 
simple  strain  energy  calculations  indicate  that  such  ordered  structures  are 
only  slightly  more  stable  than  the  disordered  solid  solution.  Other  ordered 
structures,  including  Ll0,  where  ordering  occurs  along  the  ( 100)  directions, 
are  considerably  more  stable.  Both  phenomena  must  be  explained  in  terms  of 
the  surface  kinetic  processes  occurring  during  epitaxial  growth.  Such  an 
explanation  IS  supported  by  the  Unyui  uuitc  of  kinetic  parameters  suoh  sc 
growth  rate,  temperature,  and  substrate  orientation  in  determining  both  the 
degree  of  order  and  die  specific  ordered  structures  observed. 

G13.2 

COMPARISON  OF  ORDERED  AND  MODULATED  STRUCTURES  IN 
InGaP  ALLOY  SEMICONDUCTORS  GROWN  BY  MOCVD, 
CHLORIDE-VPE  AND  LPE  METHODS.  0.  Ueda.  M. 
Hoshino,  M.  Takechi,  and  M.  Ozeki,  Fujitsu 
Laboratories  Ltd.,  10-1  Morinosato -Wakaraiya , 
Atsugi  243-01 ,  Japan;  and  T.  Kato  and  T. 
Matsumoto,  Yamanashi  University,  4-3-11  Takeda, 
Kofu  400,  Japan. 

Ordered  and  modulated  structures  in  InGaP  alloy 
semiconductors  grown  on  (001)GaAs  substrates  by 
metalorganic  chemical  vapor  deposi tion ( MOCVD) , 
chloride-vapor  phase  epitaxy(VPE)  and  liquid  phase 
epitaxy(LPE)  have  been  systematically  studied  by 
transmission  electron  dif fraction! TED)  and  high 
resolution  transmission  electron  microscopy. 

In  MOCVD-InGaP  c r y s t a  1 s ( T  = 6 3 0°C ) ,  strong 
ordering(CuPt-type)  has  been  observed,  which  is 
associated  with  an  abnormality  in  the 
photoluminescencet PL)  peak  energy  as  previously 
reported.  For  Chloride-VPE-InGaP  crystals,  CuPt- 
type  ordered  structures  have  also  been  observed. 
However,  the  degree  of  ordering  is  weaker  in  the 
latter  case  and  crystals  grown  at  576-740°C 
exhibit  normal  PL  peak  energies.  On  the  other 
hand,  in  LPE-InGaP  crystals,  no  superstructure 
spots  are  found  in  the  (110)  TED  patterns,  and  the 
crystals  exhibit  normal  PL  peak  energies. 
Modulated  structures  do  not  depend  on  the  growth 
method  since  they  are  observed  in  all  crystals. 
From  these  results,  one  can  conclude  that  the 
ordered  structures  are  not  generated  under  thermal 
equilibrium  conditions  but  rather  by  the  diffusion 
and  reconstruction  of  deposited  atoms  on  the 
growth  surface. 

G13.3 


G13.1 

ORDERING  IN  M/V  ALLOYS.  G.B.  Sringfellow,  College  of 
Engineering,  University  of  Utah,  Salt  Lake  City,  Utah  84112 

Simple  calculations  using  the  delta-lattice-parameter  (DLP)  model 
indicate  that  the  enthalpy  of  mixing  is  Invariably  larger  than  or  equal  to  zero 
for  IU/V  alloys,  and  increases  with  increasing  difference  in  lattice  constant 
for  the  constituent  binary  compounds.  In  terms  of  the  regular  solution  model 
this  suggests  the  occurrence  or  miscibility  gaps.  Solid  phase  immiscibility 
has  indeed  been  observed  in  a  number  of  systems.  Nevertheless,  such  alloys 
can  be  grown  by  OMVPE,  including  the  highly  metasuble  alloys  GaFSb  and 
InPSb.  Initially  surprising  was  the  occurrence  of  ordered  structures  in  these 
same  alloys.  The  tegular  solution  model  apparently  specifically  excludes 
immiscibility  and  ordering  in  the  same  system.  However,  when  the  positive 
enthalpy  of  mixing  is  due  to  strain  energy  effects,  as  in  TTT/V  alloys,  Hume* 
Roihery  recognized  very  early  that  such  phenomena  should  be  anticipated. 
This  was  later  confirmed  by  detailed  first  principles  calculations.  In  fact,  the 
tendency  for  ordering  is  anticipated  to  Increase  u  die  difference  in  tetrahedral 
radii  of  the  elements  sharing  a  common  sublattice  increases.  Thus,  it  is 
somewhat  surprising  that  ordering  was  first  observed  in  the  AlGaAs  system 
where  A1  and  Ga  have  nearly  equal  sizes.  Ordered  structures  have  now  been 
observed  in  several  IU/V  alloy  systems  including  the  ternary  systems 
GaAsSb  and  Gain?  and  the  quaternaries  GalnAsP,  GalnAsSb,  and 
AlCalnP.  In  this  paper,  otdering  in  other  alloy  systems  such  as  InPSb, 


ATOMIC  ORDERING  AND  ALLOY  CLUSTERING  IN  MBE -GROWN 
InASySbj^.y  EPILAYERS.  T.  Y.Seona.  A.  G.  Norman, 
G.R. Booker,  Dept,  of  Metallurgy  and  Science  of 
Materials,  University  of  Oxford,  U.K.;  R.Droopad, 
R.L. Williams,  S.D. Parker,  P.D.Wang  and  R.A.Strad- 
ling.  Dept,  of  Physics,  Imperial  College  of 
Science,  Technology  and  Medicine,  University  of 
London,  U.K. 


We  report  the  first  observation  by  transmission 
electron  diffraction  (TED)  of  CuPt-type  atomic 
ordering  in  MBE-grown  InASySb1_y  epitaxial 
layers.  The  layers  corresponded  to3  the  compo¬ 
sition  range  y  -  0.2  to  0.8.  TED  patterns 
obtained  from  all  the  epitaxial  layers  contained 
strong  1/2(111)  superstructure  spots.  This  is 
consistent  with  ordering  on  (111)  planes  of  the 
group  V  sublattice  with  alternating  As-rich  and 
Sb-rich  (111)  planes.  Ordering  occurred  on  only 
two  of  the  four  possible  (111)  planes.  The 
intensity  of  the  superstructure  spots  exhibited  a 
maximum  for  y  ■  0.5.  This  could  be  due  to  an 
increase  in  either  the  volume  fraction  of  the 
ordered  phase  or  the  degree  of  ordering.  A  fine 
scale  (*15nm)  strain  contrast  was  observed  by 
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transmission  electron  microscopy  in  all  the 
epitaxial  layers.  This  contrast  is  attributed  to 
alloy  clustering  possibly  occurring  as  a  result 
of  spinodal  decomposition.  The  77K  carrier 
mobility  decreased  smoothly  from  5xl04  cm2 Vs-1 
for  x  -  0,  to  lxlO3  cm2Vs-1  for  x  -  0.5,  and  then 
increased  to  5xl04  cm2Vs-1  for  x  »  1.  Mechanisms 
for  the  coexistence  of  the  atomic  ordering  and 
alloy  clustering  in  the  epitaxial  layers,  and 
also  possible  correlations  between  the  structural 
and  electrical  properties,  are  discussed. 

G14.1 

LIGHT-  AND  HEAVY-HOLE  BOUND  EXCITON  TRANSITIONS  AND  FREE  TO 
BOUND  TRANSITIONS  IN  Ga  Al^As/GaAs  QUANTUM  HELLS.  Donald 
C.  Reynolds,  Wright  Research  and  Development  Center, 
Electronic  Technology  Laboratory,  Wright-Pacterson  AFB  OH, 
and  Krlshan  K.  Bajaj,  Arizona  State  University,  Tempe  AZ. 

Excitons  bound  Co  neutral  donors  In  Al^Ga^  ^As/GaAs  quantum 
wells  were  observed  by  high  resolution  resonant  excitation 
phocolumlnescence ,  and  temperature  dependent  photolumines¬ 
cence  measurements.  Changes  In  Che  binding  energy  of 
excitous  are  observed  when  the  donors  are  located  In  Che 
center  of  the  well,  at  Che  edge  of  Che  well,  or  in  the 
center  of  the  barrier.  The  variations  in  these  binding 
energies  are  reported  as  a  function  of  well  size  from 
75-350A.  The  binding  energies  Increased  as  the  well  size 
was  reduced  to  about  100A,  wlch  further  reductions  in  well 
size  they  decreased. 

Light-hole  free  excltons  bound  to  neucral  donors  were 
observed  in  A1  Ga  As/GaAs  quantum  wells.  The  transitions 
were  observed,  using  selective  excitation  phocolumlnescence 
spectroscopy,  in  the  energy  region  between  the  light-hole 
and  heavy-hole  free  exciton  transitions  where  no  other 
intrinsic  transitions  exist.  The  neucral  donor-bound 
heavy-hole  free-exclton  transitions  were  also  observed  when 
the  light-hole  bound  excition  transitions  were  observed. 
Quantum  well  structures  which  showed  no  evidence  of  a 
heavy-hole  douor  bound  exciton  also  showed  no  evidence  of  a 
light-hole  donor  bound  exciton. 

Free  to  bound  transitions,  free  hole  to  bounn  electron, 
have  also  been  observed  in  the  Al^Ga^^  As/GaAs  quantum 
well6.  The  diamagnetic  shite  of  these  transitions  was  used 
to  identify  them  from  excitonic  transitions. 

G14.2 

DECAY  MEASUREMENTS  ON  FREE  AND  BOUND  EXCITON 
RECOMBINATION  IN  DOPED  GaAs/AlGaAs  QUANTUM  WELLS. 

P. Bergman.  P.O.Holtz,  B.Monemar.  Dept,  of  Physics  and 
Measurement  Technology,  Linkaping  University,  S-58183  Linkaping, 
SWEDEN;  M.Sundaram,  J.L.Merz  and  A.C.Gossard.  Dept,  of 
Electrical  and  Computer  Engineering,  University  of  California  at  Santa 
Barbara,  Santa  Barbara,  CA  93106,  USA. 

We  have  studied  the  decay  kinetics  of  the  free  exciton  (FE)  and  the 
acceptor  bound  exciton  (BE)  in  a  GaAs/Alo.3Gao.7As  quantum  well 
(QW).  The  QW:s  were  grown  by  molecular  beam  epitaxy  (MBE)  in  a 
Varian  Gen  II  system  and  doped  in  the  central  20%  of  the  QW  with  a 
Be-concentration  of  10  *7  cm"3.  The  measurements  were  performed  on 
different  samples  with  a  QW  width  ranging  from  50  A  up  to  150  A. 

At  low  temperatures  the  decay  time  of  the  BE  was  found  to  be  in  the 
range  of  350-550  ps  with  a  weak  tendency  of  increased  decay  time  with 
an  increased  QW  width.  The  FE  decay  at  low  temperatures  is  close  to 
our  measuring  resolution  (250  ps).  At  higher  temperatures  the  FE  decay 
increases  due  to  the  change  in  the  energy  distribution  of  the  FE:s.  Our 
measurements  show  that  the  measured  decay  rime  of  the  BE  also 
increases  correspondingly,  and  at  temperatures  above  20  K  the  decay 
time  of  the  BE  and  the  FE  ire  identical  in  all  samples. 

The  temperature  dependence  of  the  decay  rimes  is  explained  by  a  model 
assuming  thermaiization  between  the  FE  and  the  BE.  This  results  in  a 
thermal  equilibrium  between  these  states  at  elevated  temperatures, 


which  in  tum  gives  rise  to  the  similar  decay  time  observed.  CW 
photoluminescence  measurement  comparing  the  relative  intensity  of  the 
FE  and  BE  recombination  at  different  temperatures  support  the 
suggested  model. 

G14.3 

EFFECTS  OF  CONFINEMENT  ON  THE  OPTICAL  PROPERTIES  OF 
A  SHALLOW  ACCEPTOR  AND  ITS  BOUND  EXCITON  IN 
GaAs/AlGaAs  QUANTUM  WELLS.  P.O.  Holt7»).b).  M.  Sundaramb>, 
J.L.  Merzb),  and  A.C.  Gossardb).  a)  Department  of  Physics  and 
Measurement  Technology,  Linkaping  University,  S-58183  Linkaping, 
Sweden,  b)  Department  of  Electrical  and  Computer  Engineering  and 
Materials  Department,  University  of  California,  Santa  Barbara,  CA  93106 

The  binding  energy  of  an  impurity  confined  in  a  quantum  well  (QW)  is 
strongly  dependent  on  the  thickness  of  the  QW.  The  effect  of  the 
confinement  on  the  impurity  binding  energy  has  been  calculated  in  several 
theoretical  papers,  but  these  predictions  have  been  experimentally  verified 
only  in  a  few  cases,  mainly  for  donors. 

We  report  in  this  study  the  observation  of  transitions  from  the  ground 
state  to  excited  states  of  the  Be-acceptor  confined  in  narrow  GaAs/AlGaAs 
QWs  via  two  independent  spectroscopic  techniques:  Two  hole  transitions 
(THTs)  of  the  acceptor  bound  exciton  (BE)  measured  by  selective 
photoluminescence  and  resonant  Raman  scattering  (RRS)  observed  at 
dye-laser  excitation  resonant  with  or  close  to  the  BE.  The  same  transitions 
are  observed  at  almost  identical  transition  energies  with  these  two 
techniques.  The  effect  of  confinement  on  the  acceptor  transitions  has  been 
investigated  by  varying  the  thickness  of  the  QWs  in  the  range  50  -  138  A 
for  samples  doped  in  the  central  20%  of  the  QWs.  The  provided 
experimental  results  are  also  compared  with  the  theoretical  predictions. 

The  dependence  of  the  binding  energy  of  the  exciton  bound  to  the 
investigated  Be-acceptor  on  the  transition  energies  as  determined  from  the 
above  described  THT  and  RRS  measurements  has  also  been  investigated. 
An  almost  linear  relationship  between  these  quantities  was  derived,  which 
implies  that  a  correspondence  to  Haynes'  rule  in  bulk  material  could  be 
applied  also  to  these  QW  systems,  but  in  this  case  for  the  same  acceptor  at 
different  binding  energies  due  to  the  effect  of  confinement. 

G14.4 

OPTICAL  SPECTROSCOPY  OF  2D  ELECTRONS 
CONFINED  AT  A  GaAs/AlGaAs  HETEROINTERFACE  IN  A 
TRANSVERSE  ELECTRIC  FIELD.  O.X.Zhao*).  P.Bergman*). 
B.Monemar*),  P.-O.Holtza>*>),  C.  Hallin*),  M.Sundaram**)  J.L.Merz*5) 
and  A.C.Gossard*5).  *)Dept.  of  Physics  and  Measurement  Technology, 
Linkdping  University, S-581  83  Linkdping, SWEDEN.  **)Dept.  of 
Electrical  and  Computer  Engineering.Umversity  of  California,  Santa 
Barbara,  California  93106,  USA. 

Radiative  recombination  and  decay  time  measurements  of  the  two 
dimensional  electron  gas  in  a  GaAs-AlGaAs  heterojunction  (the  so  called 
H-band)  has  been  studied  under  transverse  electric  field  perturbation  in 
specially  optimized  structures  prepared  by  molecular  beam  epitaxy.  The 
heterointerface  was  created  between  50  nm  undoped  GaAs  and  8  nm  of 
undoped  Alo.35Gao.65As  followed  by  70  nm  Si-doped  Alo.35Gao.65As. 
Both  positive  and  negative  gate  voltages  have  been  applied  to  the  GaAs- 
AlGaAs  interface,  and  shifts  of  the  H-band  energy  position  depending  on 
the  gate  voltage  are  induced  by  the  corresponding  changes  in  the  hetero- 
intenace  2D  potential.  For  different  gate  voltages  the  excitation  power 
dependence  of  the  H-band  energy  position  is  quite  similar,  since  only  the 
lowest  2D  subbana  is  occupied  in  these  samples.  It  is  demonstrated  that  a 
transverse  electric  field  allows  a  simple  way  to  modify  the  2D 
heterointerface  potential,  so  that  detailed  spectroscopy  can  be  done  on  the 
recombination  of  carriers  localised  in  such  a  potential.  Another  interesting 
pheonomenon  is  that  the  gate  voltage  can  increase  the  luminescence  of  the 
active  50nm-GaAs  layer.  This  indicates  that  the  electric  field  makes  the 
"3D"  recombination  more  dominant  by  changing  the  potendal.  To  obtain 
information  about  the  dynamical  behaviour  of  the  interface  recombination 
we  have  performed  both  timeresolved  spectral  measurements  and  time 
decay  measurements  with  and  without  an  applied  electric  field.  The  decay 
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lime  has  been  measured  at  different  energy  positions  in  the  broad  H-band 
luminescence,  and  is  found  to  have  a  non-exponential  decay  with  values  of 
decay  time  varying  from  a  few  ns  at  high  energies,  to  hundreds  of  ns  in  the 
lower  energy  region. 

G14.S 

DEFECT  INDUCED  LUMINESCENCE  FROM  MBE  PREPARED 
Si/Si,_,Ge,  SUPERLATTICES.*  G.A.  Northrop.  S.S.  Iyer,  and  D.J. 
Wolford,  IBM  Thomas  J.  Watson  Research  Center,  Yorktown 
Heights,  NY  10598. 

We  report  the  first  definitive  observation  of  photoluminescence  (10 
K)  from  Si/SiGe  superlattice  heterostructures.  Samples  consisting  of 
thin  alternating  layers  of  Si/Si,„Ge,„  were  prepared  by  molecular 
beam  epitaxy  on  (001)  Si.  Radiation  damage,  in  the  form  of  implan¬ 
tation  with  JxIO'Vcm2  Siv,  at  50  keV,  followed  by  annealing  at 
200*C,  was  used  to  produce  centers  responsible  for  the  sharp  I,  and 
G  excitonic  lines,  often  observed  in  similarly  damaged  silicon. 
Superlattices  with  periods  as  short  as  200  A  exhibit  significant  recom¬ 
bination  at  both  centers.  We  find  the  G-line  is  not  measurably  shifted 
or  spectrally  broadened,  thus  suggesting  that  such  recombination  may 
be  localized  to  the  unstrained,  pure  silicon  layers.  In  contrast,  the 
shallower  I ,  center  displays  two  components  —  a  sharp  line  similar  to 
that  of  G,  centered  on  a  broadened,  but  distinct,  luminescence  back¬ 
ground.  This  we  interpret  as  recombination  at  centers  localized  to 
both  the  silicon  and  the  alloy  layers,  respectively,  thus  proving  deep- 
level  recombination  occurs  from  within  the  heterostructures.  Use  of 
these  defects  as  potential  probes  of  very  narrow-period  and  symmet¬ 
rically  strained  superlattices  will  be  discussed,  as  will  possibility  of 
quantum-size  effects  in  these  structures. 

•Supported  in  part  by  the  U.S.  Office  of  Naval  Research  under  con¬ 
tract  N00014-85-C-0868. 

G14.6 

SHALLOW-DEEP  TRANSITIONS  AND  DEEP  LEVELS  IN 
SUPERLATTICES.  John  D.  Dow.  S.  Y.  Ran,  J.  Shan,  R.-D. 
Hong,  D.  A.  Drabold,  0.  F.  Sankay,  M.-H.  Taai,  S.  Klemrn, 
and  P.  A.  Faddara,  U.  of  Nocra  Dana*,  Nocre  Dane,  IN. 

Subs Cl cue tonal  Impurities  In  semiconductors  thac  are  s- 
and  p-bondad  generally  produce  four  deep  levels  wlch 
energies  In  Che  viclnlcy  of  Che  fundamental  band  gap  (one 
s - 1 Ike  and  three  p-llke).  If  none  of  these  levels  lies 
within  the  gap  and  the  Impurity  comes  from  a  different 
Column  of  Che  Periodic  Table  from  the* atom  It  replaces, 
then  Che  Impurity  Is  termed  a  'shallow  Impurity' ; 
otherwise  It  Is  a  'deep  trap'  or  an  'Isoelectronlc 
center*.  Artificially  layered  materials  such  as 
superlattlces  offer  an  opportunity  to  change  the 
character  of  an  Impurity  from  'shallow*  to  'deep'  by 
driving  one  of  Its  deep  levels  from  within  the  host  bands 
into  the  gap.  This  can  be  done  by  engineering  the 
thicknesses  of  the  artificial  layers.  The  superlattlce 
band  edges  are  relatively  more  sensitive  to  the  layer 
thicknesses  chan  the  energies  of  the  deep  levels, 
allowing  one  to  move  a  band  edge  through  a  deep  level, 
changing  the  character  of  the  Impurity.  For  example,  SI 
on  a  Ga  site  In  a  GaAs  quantum  well  of  a  GaAs/A/As 
superlattlce  will  have  Its  s-llke  deep  level  above  Che 
conduction  band  edge  of  the  superlattlce  for  thick 
quantum  wells,  but  In  the  superlattlce 's  band  gap  for 
thin  wells,  being  'shallow*  in  the  former  case  but  'deep" 

In  the  latter.  This  Impurity  makes  the  quantum  well  n- 
type  for  thick  wells  but  semi -Insulating  for  thin  ones. 
(Similar  behavior,  as  a  function  of  alloy  composition.  Is 
observed  for  SI  In  AixGaj_xAs  alloys  and  N  In  CaAs^_xPx.) 

We  speculate  chat  similar  shallow-deep  transitions  can  be 
employed  to  circumvent  the  resistance  of  some  II -VI 
semiconductors  to  p-Cype  doping  and  co  explain  the  low 
doping  efficiency  of  amorphous  SI. 


G15.1 

THE  DX  CENTER:  EVIDENCE  FOR  CHARGE  CAPTURE  VIA 
AN  EXCITED  INTERMEDIATE  STATE.  Thomas  N.  Theis  and 
Patricia  M.  Mooney,  IBM  Research,  T.J.  Watson  Research  Center, 
P.O.  Box  218,  Yorktown  Heights,  NY. 

We  review  diverse  experimental  observations  which  suggest  that 
charge  capture  to  the  deep  donor  level  (DX  center)  in  GaAs  and 
AI,Ga,_,As  occurs  via  an  intermediate  excited  state.  The  observations 
include:  I.  The  alloy  and  pressure  dependence  of  the  activation  ener¬ 
gies  for  capture  and  emission.  2.  The  non-exponential  broadening  of 
the  capture  transients,  corresponding  to  an  exponential  dependence  of 
the  capture  rate  on  the  quasi- Fermi  level.  3.  The  electric  field  and 
lattice  temperature  dependence  of  the  hot  electron  capture  rates.  All 
of  these  observations  support  the  large  lattice  relaxation  picture,  but 
multiphonon  capture  must  occur  from  an  excited  state  which  lies  well 
above  the  lowest  conduction  band  edge,  and  which  approximately 
tracks  the  DX  level. 

What  suppresses  multiphonon  capture  from  the  T  valley?  Many  au¬ 
thors  have  suggested  that  capture  occurs  via  conduction  states  of  the 
higher  lying  L-valley,  but  recent  experiments  indicate  DX  involves  no 
unusual  weighting  of  L-like  basis  states.  A  natural  mechanism  for 
suppressing  such  transitions  is  that  capture  to  DX  involves  more  than 
one  electron.  Simultaneous  capture  of  two  electrons  from  the  T  valley 
is  improbable,  and  the  dominant  capture  process  involves  occupation 
of  a  localized  resonant  state,  which  can  relax  to  the  DX  state  upon 
capture  of  a  second  electron.  Such  a  picture  is  completely  consistent 
with  a  "negative  U'  model  for  the  DX  center,  as  proposed  by  Chadi 
and  Chang.  Furthermore,  the  inferred  configuration  coordinate  dia¬ 
gram  is  precisely  analogous  to  that  calculated  for  the  arsenic  antisite 
hv  Dabrowski  and  Schefflcr.  This  supports  the  idea  that  the  neutral 
arsenic  antisite  (El. 2)  and  negatively  charged  substitutional  donor 
(DX)  are  similar  defects. 

G1S.2 

EFFECT  OF  LOCAL  ATOMIC  CONFIGURATION  ON  DX 
ENERGY  LEVEL.  T.  Baba  and  M.  Miiuta,  NEC  Cor¬ 
poration,  Tsukuba,  Japan:  and  T.  Fujisawa,  J. 
Yoshiao  and  H.  Kukimoto,  Tokyo  Institute  of 
Technology.  Yokohama.  Japan. 

In  this  paper  we  have  successfully  determined 
energy  levels  of  Si-DX  centers  with  specific  lo¬ 
cal  environments,  specifically  the  Si-DX  center 
surrounded  only  by  the  Ga  2nd  nearest 
ne i ghbor s ( nn )  is  located  295meV  above  the  T  con¬ 
duction  band  edge  of  GaAs.  The  energy  level 
moves  downward  when  coordinated  by  an  A[  and  Ga 
m i xed- env i r onmen t  by  as  much  as  120meV.  We  will 
further  report  similar  experiments  for  the  case 
of  a  Te  donor  and  will  compare  this  with  Si-  The 
main  concern  of  this  paper  is  the  different  be¬ 
haviors  of  the  two  donors  due  to  the  different 
substitutional  sites  between  Si  (group  H  site) 
and  Te  ( group  V  site). 

Using  a  sample  consisting  of  a  monolayer  of  AlAs 
and  14  monolayers  of  GaAs  with  Si  or  Te  as  a 
dopant,  DLTS  measurements  were  conducted  under 
various  hydrostatic  pressuros.  The  energy  level 
for  the  Te-DX  center  surrounded  only  by  Ga  was 
found  to  be  higher  than  the  energy  of  the  Si-DX 
center  in  GaAs.  Downward  movement  of  the  Te-DX 
center  when  associated  with  Al  as  the  1st  no  was 
also  observed.  On  the  other  hand,  different  from 
the  Si-DX  center,  a  very  large  shift  of  the  ac¬ 
tivation  energy  for  electron  emission  with  pres¬ 
sure  was  found  for  the  Te-DX  center  surrounded 
by  the  mixed-environment.  This  will  be  discussed 
in  relation  to  the  lattice  relaxation  of  the 
relevant  DX  centers. 
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G15.3 

ELECTRIC  FIELD  ENHANCEMENT  OF  THE  EMISSION  RATE  OF  DX 
CENTERS.  Miaoun  Zazoui,  Song  L.  Feng,  Jacques  C.  Bourgoin 
and  Hans  J.  von  Bardalaban,  Croupe  de  Physique  des  Solides 
de  I'EcoIe  Normale  Superleure,  Centre  National  de  la 
Recherche  Scientif iquea.  Tour  23,  2  place  Jussieu,  75251 
Paris  Cedex  05,  France. 


We  have  investigated  the  electric  field  enhancement  of  the 
electron  emission  rate  of  DX  centers  in  MBE  and  LPE  Si  and 
Te  doped  CaAlAs  layers  for  different  alloy  compositions. 

In  Te  doped  layers,  in  a  specific  alloy  composition  range, 
this  enhancement  is  found  to  obey  to  the  Poole  Frenkel 
effects.  The  reason  this  effect  is  operative  for  special 
alloy  compositions  and  natures  of  the  impurity  will  be 
explained.  The  consequences  of  the  fact  that  DX  center 
emission  is  sensitive  to  the  Poole  Frenkel  effect  will  be 
developed.  It  will  be  deduced  that  the  DX  center  can  only 
be  a  single  donor  state,  as  is  the  shallow  effective-mass 
state  associated  with  the  lowest  conduction  band.  It  will 
therefore  be  concluded  that  the  DX  level  is  the  effective- 
mass  state  associated  with  the  L  band  which  is  deepened  by 
Intervalley  mixing. 

a  associe  a  l'Universite  Paris  VII. 

G15.4 

OPTICALLY  DETECTED  MAGNETIC  RESONANCE  OF  GROUP  IV  AND  GROUP 
VI  DONORS  IN  Al.Gai-sAs /GaA8  (X20.35)  HETEROSTRUCTURES. 

E.  GLASER.  T.A.  Kennedy,  and  B.  Molnar,  Naval  Research 
Laboratory,  Washington,  D.C.,  20375-5000. 

The  influence  of  different  chemical  species  on  the  nature  of 
shallow  donor  states  in  Al_Gai..«As/GaA3  heterostructures  has 
been  investigated  by  optically  detected  magnetic  resonance 
(0DMR).  0DMR  experiments  were  performed  on  as-grown  and 
implanted  Si-  and  S-doped  epitaxial  layers  (1-5  pm)  of  AlAs 
and  Al»Gai-_As  (xiO.35)  grown  on  (001)  GaAs  substrates.  The 
results  are  compared  with  the  predicted  behavior  of  shallow 
donor  states  associated  with  group  IV  and  group  VI 
impurities  in  III-V  semiconductors. 

Angular  rotation  studies  of  the  Si  donor  ODMR  reveal  the 
heteroepitaxial  strain  of  the  Al*Gav-«As/GaAs  structures  and 
demonstrate  explicitly  the  X-minimum  symmetry  of  the 
shallow  donor  state.1  This  donor  can  be  described  by  an 
indepenedent  valley  model  for  X20.75  since  the  valley-orbit 
interaction  is  negligible. 

The  donor  g-value  anisotropy  is  much  reduced  for  the  S-doped 
samples  as  compared  to  the  Si-doped  samples  with  similar 
aluminum  mole  fraction.  For  example,  Ag”°-°0a  the 
magnetic  field  is  rotated  from  [110]  to  [001]  for 
ALo.«Ga<i.,.As:S  as  compared  topg-0.019  for  Alo . «Ga0 . -As  : Si  . 
In  addition,  the  linewidths  of  the  resonances  are 
significantly  larger  for  the  S-doped  samples.  These  data 
suggest  that  the  valley-orbit  splitting  of  the  ground 
singlet  ( Ai )  state  and  the  excited  doublet  (Ei)  state  for 
the  S  donor  in  Al»Gax-»As  is  10-15  meV,  similar  to  values 
reported  for  group  VI  donors  in  GaP. 

1.  E  Glaser  ez  al . .  Phys.  Rev.  8  (Aug.  15,  1989) 

The  work  was  supported  in  part  by  0NR 

G15.5 

OPTICAL  PROPERTIES  OF  EXTREMELY  HEAVILY  DOPED 
n-GaAs.  Huade  Yao*  and  Alvin  Compaan,  University  of 
Toledo,  Toledo,  OH. 

It  is  generally  accepted  that  the  DX  center  lies  -160  meV 
below  the  L-bana  edge  in  GaAs.  Therefore  carrier 
concentrations  of  n-GaAs  can  not  exceed  ~2X10l9/cm3 
provided  there  is  little  distortion  of  the  conduction  band  at 
high  dopant  densities.  However,  pulsed-laser  annealing  on 
ion-implanted  GaAs  can  produce  carrier  concentrations 
beyond  this  limit.  Recently,  we  obtained  extremely  heavily 


doped  n-GaAs  by  pulsed-dve-laser  annealing  (X=728  nm)  on 
Si-implanted  GaAs.  Electron  concentrations  exceed 
3XKr9/ cm3.  Raman  studies  indicate  that  the  highest 
frequency  of  the  Raman  plasmon  mode  (L+)  is  at  -1700  cm-', 
much  higher  than  any  previous  reports.  Our 
photoluminescence  (PL)  studies  show  that  in  very  heavily 
doped  n-GaAs,  the  electron-hole  recombination  is 
dominated  by  non-momentum-conservation  transitions. 
The  PL  spectra  indicate  a  bandgap  narrowing,  due  to  heavy 
n-type  doping,  which  is  approximately  proportional  to  the 
square  root  of  the  electron  concentration.  For  a  carrier 
concentration  of  3.2X1019/cm3,  the  bandgap  shrinkage  exceeds 
-180  meV.  The  PL  data  show  that  the  Fermi  level  exceeds  420 
meV  at  the  highest  carrier  concentration.  This  is  indirect 
evidence  of  a  conduction  band  "stretch''  between  the  I~  and  L- 
valley  of  GaAs.  If  the  F-band  edge  shifts  much  more  than  the 
L-band  edge  during  the  course  of  bandgap  narrowing,  the 
energy  difference  between  the  DX  center  and  T-band  edge 
increases  significantly.  Then  carrier  concentrations  exceeding 
~2X10,Vcm3  are  possible  without  the  Fermi  energy  exceeding 
the  DX  center  energy. 

*  Present  address:  Center  for  Microelectronic  and  Optical 
Materials  Research,  University  of  Nebraska,  Lincoln,  NE. 

G16 . 1 

THEORY  OF  EL2  AND  DX  CENTERS.  D.  J.  Chadi.  Xerox  Palo  Alto 
Research  Center,  Palo  Alto,  CA. 

The  doping  of  GaAs  with  Group  IV  or  VI  elements  generally 
leads  to  shallow  donor  levels  with  binding  energies  of  =7  meV. 
These  shallow  levels  are  associated  with  substitutional  site 
impurity  atoms.  A  very  interesting  shallow-deep  transition  is 
experimentally  observed  to  occur  at  pressures  exceeding  24 
kbars.  In  the  absence  of  pressure,  the  same  type  of  transition  is 
observed  to  occur  when  a  fraction  larger  than  22%  of  the  Ga 
atoms  are  replaced  by  Al,  i.e.,  the  donor  binding-energy 
increases  with  Al  concentration  reaching  a  peak  value  of  about 
160  meV.  The  microscopic  nature  of  atomic  distortions 
responsible  for  the  formation  of  these  deep  DX  centers  in  Si  and 
S  doped  GaAs  and  AlGaAs  alloys  were  examined  via  ab  initio 
self-consistent  total-energy  calculations.  Defect  formation  is 
found  to  be  accompanied  by  a  large  bond  rupturing  lattice 
distortion  involving  the  donor  and  one  of  its  nearest  neighbors. 
The  proposed  atomic  structure  for  DX  is  shown  to  provide  a 
satisfactory  explanation  for  nearly  all  of  its  experimentally 
observed  properties.  The  similarities  and  common  physical 
origins  of  DX  and  As-antisite  derived  EL2  defect  centers  are 
emphasized.  Our  most  recent  calculations  show  that  a  similar 
type  of  lattice  distortion  also  occurs  in  p-doped  ZnSe  where  it 
leads  to  acceptor  self-compensation. 

G16.2 

IS  DX ( Te !  CENTER  IN  AlxGai-xAs  A  NEGATIVE-U  DEFECT? 
L  flobaczewski.  J.  E.  Dmochowski,  P.  Kaczor.  J.  Urobel,  and 
J,  M-  Langer.  Institute  of  Physics.  Polish  Academy  of 
Sciences,  Warsaw,  POLAND. 

DX  centers  in  AlGaAs  attract  significant  attention  caused 
by  their  atypical  behavior  for  defect  states  as  well  as 
their  technological  Importance.  Among  many  open  problems 
concerning  their  nature  one  has  attracted  particular 
attention  recently.  It  Is  a  possibility  of  a  negative-U 
character  of  this  defect.  It  is  our  aim  to  provide  analysis 
of  several  experiments  aimed  to  resolve  this  puzzle  as  well 
as  to  discuss  implication  of  the  negative-U  for 
recombination  processes. 

Careful  analysis  of  the  Hall  concentration  (particularly 
lack  of  a  double  slope  in  the  high  temperature  region  for 
all  known  data  indicating  an  omnipresent  high  compensation 
being  quite  natural  for  a  negative-U  system)  gives  support 
to  this  model.  A  seemingly  indicative  mobility  changes  are 
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consistent  with  this  model  but  do  not  provide  a  clear  cut 
argument. 

Most  significant  piece  of  evidence  for  the  negatlve-U  is 
given  Dy  the  absence  of  the  Poole-Frenkel  effect  in  the 
ground  state  (localized)  of  DX  center  in  contrast  to  a 
standard  P-F  effect  occurring  at  the  metastable  hydrogenic 
X-like  D°  state. 

The  supposition  that  the  DX  center  in  the  ground  state 
binds  two  electrons  is  also  consistent  with  a  strong 
dependence  of  a  capture  rate  on  a  high  magnetic  field. 
There  is  also  quite  significant  evidence  that  a 
photoionization  of  DX  center  is  a  two-step  process  (with  an 
intermediate  state  being  a  neutral  D  state). 

GX6.3 

PHOTOIQNIZATION  AND  PHOTOCAPTORE  TESTS  OF  DX-CENTER 
MODELS.  Harold  P.  Hjalmarson,  S.  R.  Kurtz ,  and  T.  H. 
Srennan ,  Sandla  National  Laboratories ,  Albuquarqu# ,  Hew 
Mexico  87185. 

The  CX-eenter  phoeolonisaclon  cross • feet ion  has  a  large 
threshold  energy  (epproxiaately  1  eV)  which  is  aucb  larger 
than  its  thermal  binding  energy  (approximately  0.1  aV) , 

This  data  can  be  explained  by  a  large-lattice  relaxati  >a 
model  in  which  strong  coupling  to. the  lattice  drives  a 
resonance  atace  into  the  bandgap.  In  the  trapped 
blpolaron  nodal,  the  large  letclce  relaxation  occurs  only, 
if  a  aeoond  a  -icron  is  captured  by  the  neutral  DX- center T 

These  models  can  be  distinguished  by  detailed  measurements 
of  the  photoionizaclon  or  photocapacitance  cross-section. 

Vt  show  that  further  analysis  of  the  original  LLR  modal 
shows  chat  it  predicts  e  phenomenon  which  we  term 
photocapture.  In  this  phenomenon,  absorption  of  light 
induces  transitions  between  conduction  bandedge  atatea  and 
unrelaxed  DX- center  states  lying  within  the  conduction 
band.  The  net  result  in  the  ideal  model  is  that  absorption 
of  light  can  fill  the  DX- center .  The  modified 
phocoionizatlon  cross-section  for  the  LLR  modal  vlll  ba 
shown  to  disagree  with  photocapture  data.  Furthermore,  the 
photo ionization  cross-section  for  the  crapped  blpolaron 
modal  vlll  also  be  described;  It  disagrees  with 
phocoionizatlon  date. 

1.  D.  V.  Lang,  R.  A,  Logan,  K.  Jaros,  Phys.  Rev,  B  12, 

1015  (1979). 

2.  D.  J.  Chad!  and  X,  J.  Chang,  Fhys.  lev.  Lett,  £1,  173 
(1981) . 

*Thls  work  was  supported  by  the  II .  S .  Department  of  Energy 
under  contract  number  DE-AC-04-76DP00789. 

G16 . 1 

MOSSBAUER  STUDY  Oh  THE  DEFECT  STRUCTURES 
AROUND  Te  IMPLANTED  IN  AlxGa|.,As.  H.  Bemelmans  and  G. 
I.angouchc.  IKS,  University  of  Leuven,  Belgium;  G.  Borghs,  IMEC, 
Leuven,  Belgium. 

atoms  were  implanted  in  AUGa^As  (0  <  x  <  1 )  with  a  dose 
of  2  «  1013  atoms/cm3.  After  rapid  thermal  annealing  to  900’ C,  a 
variation  in  the  Mossbauer  spectra  as  a  function  of  x  is  observed. 
For  0.2  <  x  <  0.7,  a  component  with  a  large  electric  field  gradient  is 
dominant  in  the  spectra,  while  for  the  other  values  of  x  an  unsplit 
resonance  dominates.  The  same  component  with  the  large  electric 
Held  gradient  was  observed  before  (l|  in  the  Mossbauer  spectra  of 
Te-implanted  GaAs  for  concentrations  exceeding  1019  atoms/cm3. 

As  the  presence  of  this  component  is  correlated  with  the  presence  of 
the  DX-center,  the  hyperfine  interaction  parameters  of  the  observed 
Mossbauer  spectrum  component  will  be  discussed  with  respect  to 
some  of  the  existing  models  for  the  DX-center. 


I1!  G  Lari gutiche,  D  Schroyvn.  H  Bemelmans,  M.  Van  Rossum,  VV. 
Deraedt  and  M.  dc  Potter.  Mat.  Res  Soc.  Symp.  Proc.  104  (1988) 


G16.5 

THE  METASTABILITY  OF  THE  EL2  DEFECT  IN  GaAs  AND  3-5 
ALLOTS.  Hans  J.  von  Bardeleben  and  Jacques  C.  Bourgoin, 
Groups  de  Physique  des  Solides  de  l'Ecole  Normale  Supe- 
rieure,  Centre  National  de  la  Recherche  Scient if iquea, 
Tour  23,  2  place  Jussieu,  75251  Paris  Cedex  05,  France 

The  microscopic  structure  of  the  EL2  defect  and  its 
relation  to  the  metastability  has  turned  out  to  be  oaa  of 
the  key  problems  in  the  study  of  this  defect.  The  two 
currently  discussed  models,  the  isolated  arsenic  antisite 
Asga  and  the  pair  model  Asq3-As^,  predict  different 
metastable  configurations  :  the  gallium  vacancy-arsenic 
interstitial  pair  and  the  split  interstitial  As-^-Asi 
respectively . 

We  present  in  this  paper  an  analysis  of  the  alloy  and 
pressure  dependence  of  the  EL2  properties  in  the  stable 
and  metastable  configuration.  We  show  that  these  varia¬ 
tions,  which  have  not  been  included  in  the  previous 
modelling  of  EL2 ,  can  be  quantitatively  interpreted  if  the 
EL2  metastable  state  is  attributed  to  the  Alt  Is) 
effective-mass  state  associated  with  the  L  conduction  band 
minimum.  The  apparent  contradiction  on  the  point  symmetry 
of  EL2,  deduced  from  optical  absorption  and  ODENDOR 
measurements,  find  a  simple  explanation  within  this  model. 
The  origin  of  this  me  t  a  s  t  ab  i  1  i  t  v  implies  it  to  be  a 
property  concerning  not  only  the  double  donor  EL2  but  the 
much  wider  class  of  donor  defects  in  3-5  compounds. 

a  associe  a  l*Universite  Paris  VI f, 

G17.1 

PROGRESS  IN  UNDERSTANDING  THE  OPTICAL  PROPERTIES 
OF  EL2.  G.  A.  Baraff,  AT&T  Bell  Laboratories,  Murray  Hill,  N.J., 
07974 

Many  experimental  techniques  have  been  used  to  probe  EL2  in  an 
attempt  to  determine  its  exact  microscopic  identity,  the  exact 
position  of  nearby  atoms  for  both  its  normal  and  metastable 
configurations,  and  the  exact  mechanism  by  which  it  transforms 
between  the  two.  Pan  of  the  reason  for  our  difficulty  in  reaching 
full  understanding  of  this  defect  may  be  that  our  knowledge  of  basic 
defect  processes  has  been  built  on  experience  with  systems  for 
which  standard  simplifying  approximations  have  been  valid.  For 
that  reason,  we  may  have  been  unprepared  to  cope  with  a  defect  for 
which  these  simplificauons  do  not  work. 

In  this  talk,  we  shall  review  experimental  features  of  the  optical 
absorption  of  EL2  in  the  normal  state.  We  shall  exhibit  some  of  the 
seeming  internal  inconsistencies  that  appear  in  interpreting  them. 
We  shall  then  show  how  some  of  these  inconsistencies  trace  back  to 
the  breakdown  of  familiar  ideas  which  we  have  carried  over  from 
the  study  of  similar,  but  better  behaved,  systems.  Finally,  we  shall 
present  an  account  of  recent  progress  towards  refining  our 
understanding  of  the  EL2  optical  absorption  spectrum  and  its 
response  to  hydrostatic  and  uniaxial  stress. 

G17.2 

DIRECT  OPTICAL  DETERMINATION  OF  THE  CROSS- 
SECTION  FOR  LIGHT  INDUCED  METASTABLE  TRANSITION 
OF  THE  ELS  DEFECT.  W.  KuszKo,  M.  JezewsKi,  J.  M. 
BaranowsKi;  Institute  of  Experimental  Physics, 
Warsaw  University,  Warsaw,  Poland. 

The  characteristic  absorption  spectrum  of  the 
ELS  defect  in  GaAs  quenches  proportionally  when 
the  defect  undergoes  a  transition  to  a 
metastable  state  during  illumination  of  a 
crystal  at  low  temperature.  This  feature  was 
used  to  measure  a  spectral  dependence  of  an 
absolute  value  of  a  cross-section  o‘  for  the 
light  induced  metastable  transition.  The 
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spectrum  of  o*  exactly  renders  the  shape  of  the 
band  of  the  EL2  intracenter  absorption  with  Its 
fine  structure.  This  is  a  strong  evidence  that 
both  the  fine  structure  and  the  broad  band  of 
the  lntracenter  absorption  are  due  to  the  same 
transition  within  the  defect.  It  is  also  ruling 
out  the  possibility  that  the  excited  state  of 
this  transit: on  is  a  strongly  delocalized  level. 


meV  GPa_1  for  the  first  ionization  level.  We 
propose  that  it  indicates  that  the  strong  lattice 
coupling  of  EL2  occurs  in  the  neutral  charge  state. 

♦Supported  by  US  DOE 
contract  DE-AC03-76SF00098. 


It  is  concluded  that  the  EL2  defect  reaches  its 
metastable  configuration  relaxing  from  the 
excited  state  of  the  lntracenter  transition 
which  is  in  agreement  with  the  recent 
theoretical  results  by  Chadi  et  al.  and 
DabrowsKi  et  al.  A  comparison  of  the  value  of  o* 
with  the  value  of  the  cross-section  of  the 
lntracenter  absorption  shows  that  the 
effectiveness  of  this  channel  of  relaxation  is 
in  tie  order  of  a  few  percent. 

G17.3 

THE  DOUBLE  DONOR  ISSUE  OF  THE  EL2  DEFECT  IN 
GaAs.  M.  O.  Manasreh  and  Gail  J.  Brown.  Materials  Laboratory 
(WRDC/MLPO),  Wright  Research  and  Development  Center,  Wright- 
Patterson  Air  Force  Base,  Ohio  45433-6533. 

Photo-induced  changes  in  the  infrared  (IR)  absorption  spectrum  of  the 
EL2  defect  in  undoped  and  lightly  alloyed  unannealed  GaAs  materials 
grown  by  the  liquid-encapsulated  Czochralslti  technique  were  observed 
under  a  monochromatic  light  irradiation.  These  changes  were 
attnbuted  to  the  change  of  the  charge  states  of  EL2.  The  spectrum 
which  is  believed  to  be  due  to  the  charged  EL2  exhibits  a  complex 
structure  with  two  peaks  at  1.07  and  1.32  eV  and  a  shoulder  at 
0.94  eV.  The  EL2*  — *  EL2®  and  EL2*  — *  EL2°  were  obtained  by 
illuminating  the  sample  with  0.7  £  hv  £  0.95  eV  and  1.3  2  hv  £1.5 
eV,  respectively.  The  transformation  EL2*  <->  EL2°  can  be  achieved 
in  less  than  10  sec  and  can  be  repeatedly  switched  back  and  forth 
between  the  two  states.  Fourier-transform  photoconductivity 
(FTPC)  measurements  were  performed  on  a  large  number  of  samples 
both  semi-insulating  and  n-type.  Two  broad  peaks  were  observed  in 
the  FTPC  spectra  with  thresholds  at  -0.78  and  -0.95  eV.  The 
photoquenching  and  thermal  recovery  properties  of  these  two  peaks  are 
identical  to  those  of  EL2.  Both  IR  and  FTPC  results  suggest  strongly 
that  EL2  is  a  double  donor. 

G17.4 

ABSOLUTE  PRESSURE  DEPENDENCE  OF  THE  SECOND 
IONIZATION  LEVEL  OF  EL2  IN  GaAs.  D.E.  Bliss. 
W.  Walukiewicz,  D.D.  Nolte,  and  E.E.  Haller,  Depi.  of 
Materials  Science  and  Mineral  Engineering, 
University  of  California  at  Berkeley  and  the 
Center  for  Advanced  Materials,  LBL. 

We  report  the  results  of  DLTS  experiments  under 
uniaxial  stress  on  the  second  ionization  level  of 
EL2  in  p-type  GaAs.  We  measured  the  shift  in  the 
hole  emission  rate  as  a  function  of  stress  applied 
in  the  [100]  and  [110]  directions.  By  modeling  the 
valence  band  with  two  independently  displacing 
bands  and  appropriately  derived  thermal 
effective  masses,  we  obtain  a  small  bsolute 
hydrostatic  pressure  derivative  for  th .  defect, 
36+15  meV  GPa-1.  The  shear  contribution  is 
negligible.  This  result  is  very  different  from  the 
measured  absolute  pressure  derivative  of  90±  1  5 


G17 . 5 

THE  SYMMETRY  OF  THE  EL2  DEFECT  IN  GaAs.  P.Trautman 
and  J.M.BaranowsKi.  institute  of  Experimental 
Physics,  Warsaw  University,  Warszawa,  Polana 


Linear  aichroism  has  been  measured  in  the  Broad 
absorption  Band  of  the  EL2  defect  in  GaAs  under 
uniaxial  stress.  In  addition,  the  splittings  of 
the  EL2  zero-phonon  line  (ZPL)  at  8378cm"1  under 
uniaxial  stress  applied  along  [lOO},  [ill),  and 
[110]  directions  have  been  measured.  Splitting  of 
the  ZPL  under  [100)  stress  is  over  one  order  of 

magnitude  smaller  than  under  [111]  stress,  on  the 

other  hand,  the  linear  dienroism  in  the  broad 
absorption  band  is  roughly  equal  for  these  two 
directions  of  stress.  This  is  an  evidence  for  the 
quenching  of  the  coupling  to  tetragonal  strains 
due  to  interaction  with  trigonal  modes  of  tne 

lattice  (the  Ham  effect).  Therefore,  it  is 
established,  that  the  excited  T2  state  of  EL2 

is  an  localized  state  subject  to  dynamical 
Jahn-Tel'  coupling  to  trigonal  modes  of  the 
lattice.  i  he  possibility  that  the  excited  T2  state 
has  hydrogemc  nature  associated  with  the  L  minima 
is  ruled  out  by  the  present  results.  The  observed 
splittings  of  the  ZPL  together  with  polarization 
selection  rules  clearly  indicate  the  teranedral  Td 
symmetry  of  the  EL2  defect  ruling  out  any  otner 
point  group  in  particular  trigonal  C^v.  in  view  of 
the  presented  experimental  results,  tneir 
interpretation,  and  recent  theoretical 
mvei  tigations,  the  isolated  arsenic  antisite  As<ja 
most  successfully  accounts  for  the  properties  of 
the  neutral  charge  state  of  tne  EL2  defect. 


G18. 1 

AN  ANOMALOUS  VACANCY  DIFFUSION  IN  SILICON  DURING  THE 
ANTIMONY  DRIVE-IN  DIFFUSION:  W.  Wiiaranakula  and  J.H. 
Matlock,  Materials  Characterization  Laboratory,  SEH 
America,  Inc.,  4111  NE  112th  Ave. ,  Vancouver,  WA98662, 
USA. 

In  the  junction-isolated  bipolar  integrated  circuit 
device  fabrication,  a  low-resistivity  buried  layer  diffu¬ 
sion  is  the  first  processing  step  prior  to  epitaxial 
layer  growth.  In  the  region  underneath  the  antimony 
buried  layer,  enhanced  oxygen  thermal  donor  generation 
and  retardation  of  the  oxygen  precipitation  were  obser¬ 
ved.  The  effect  of  oxygen  outdif fusion  could  explain  one 
of  the  phenomena,  but  not  both  simutaneously,  because 
they  seemingly  contradict  to  each  other.  If  it  is 
assumed  that  the  electronic  defects  responsible  for  the 
donor  activity  are  related  to  silicon  interstitials,  an 
enhanced  thermal  donor  generation  could  occur  as  a 
result  of  vacancy  undersaturation.  This  assertion 
appears  to  be  the  most  plausible  one  because  it  is 
consistent  with  an  observed  retardation  of  the  oxygen 
precipitation. 

Fran  the  above  observations,  it  is  hypothesized  that  the 
depletion  of  intrinsic  vacancies  in  the  region  under¬ 
neath  the  buried  layer  occurs  during  an  antimony  drive- 
in  diffusion.  In  this  region,  the  diffusion  of  ionized 
vacancies  could  be  enhanced  by  the  build-in  electric 
field  originating  Jrom  the  antimony  buried  layer.  In  the 
buried  layer,  a  Sb  V*  complex  formation  is  also  hypothe- 
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sized.  Assuming  the  proposed  mechanism  is  to  prevail, 
the  intrinsic  vacancy  concentration  could  play  a  signi¬ 
ficant  role  in  the  generation  of  the  oxygen  thermal 
donors  in  silicon. 

G18.2 

A  COMPARISON  OF  THE  DIFFUSIVITY  OF  AS  AND  GE  IN 
SI  AT  HIGH  DONOR  CONCENTRATIONS.  K.  Kyllesbech 
Larsen,  P. Gaiduk,  and  A.Nylandsted  Larsen. 
Institute  of  Physics,  University  of  Aarhus, 
DK-8000  Aarhus  C,  Denmark 

The  aim  of  this  paper  is  to  compare  the  diffusiv- 
ity  of  As  and  Ge  in  Si  at  high  donor  concentra¬ 
tion:  -10  <  n/n,  <  -60,  where  n  and  n,  are  re¬ 
spectively  the  actual  and  intrinsic  carrier  con¬ 
centration  at  the  diffusion  temperature.  Such  a 
comparison  is  interesting  for  many  reasons,  suf¬ 
fice  it  to  mention  here  that  these  two  impurities 
have  almost  the  same  mass  and  tetrahedral  cova¬ 
lent  radius  (both  bigger  than  the  one  for  Si)  but 
that  Ge  is  electrically  neutral  as  a  substitu¬ 
tional  impurity  in  Si  whereas  As  is  positively 
charged,  hence  Coulomb-interaction  related  diffe¬ 
rences  in  the  dif fusivities  can  be,  in  principle, 
studied. 

We  have  previously  demonstrated  that  for  -20  < 

n/n.  £  -60  the  dif fusivities  of  Sn,  As,  and  Sb  in 
Si  at  1050  C  depend  on  (n/n, ),  where  S  is  sig¬ 
nificantly  higher  than  2,  the  value  which  should 
be  expected  for  diffusion  via  doubly  charged  ne¬ 
gative  vacancies.  In  the  present  paper  we  include 
data  for  Ge  and  will  perform  a  detailed  compari¬ 
son  between  the  measured  dif fusivities  of  Ge  and 
As  in  Si  as  well  as  a  comparison  with  theoretical 
estimates . 

G18.3 

ANOMALOUS  TRANSIENT  TAIL  DIFFUSION  OF  BORON  IN 
SILICON:  CONCENTRATION  DEPENDENCE  VERSUS  SPATIAL 
DEPENDENCE.  N-E.B.  Cowcrn.  Philips  CFT  Automation,  Eindhoven,  The 
Netherlands:  H.F.F.  Jos,  Philips  Components,  Nijmegen,  The  Netherlands;  and 
K.T.F.  Janssen,  Philips  Research  Laboratories,  Eindhoven,  The  Netherlands. 

Boron  transient  diffusion  exhibits  an  anomalous  ‘tail’  diffusion,  in  which  the 
low-concentration  part  of  the  B  profile  diffuses  much  faster  than  the  'peak’  re¬ 
gion.  Currently  available  models  of  this  effect  either  assume  that  it  arises  from 
inhomogeneity  in  the  silicon  crystal  due  to  damage  (l,2|,  or  that  it  is  due  to 
spatial  variation  in  B  substitutionality  after  ion  implantation  |3|. 

Recent  observations  suggest  that  at  damage  levels  below  the  amorphisation 
threshold,  the  response  of  B  doping  atoms  to  implantation  damage  depends 
mainly  on  the  B  concentration.  Specifically,  implantation  of  a  low  dose  of  Si 
ions  into  the  near-surf  .  region  of  a  substitutional  B  profile  appears  to  cause 
B  transient  diffusion  which  is  inversely  dependent  on  B  concentration  (<j.  This 
behavior  is  not  consistent  with  any  of  the  models  so  far  proposed  for  the  anoma¬ 
lous  B  peak-tail  diffusion  [  1-3| . 

To  clarify  this  issue  we  report  further,  more  critical  measurements  on  the  con¬ 
centration  dependence  of  anomalous  B  transient  diffusion,  using  a  range  of  shal¬ 
low  Si  implant  doses  into  deep  substitutional  B  profiles.  We  also  report  on  the 
evolution  of  the  electrical  activation  as  a  function  of  B  concentration  and  time, 
using  SIMS  and  spreading-  resistance  techniques.  We  discuss  the  physical  basis 
for  alternative  models  of  the  observed  behavior,  and  present  numerical  simula¬ 
tions  based  on  one  such  model. 

1  R  B  Fair,  J.J.  Wortman  and  J.  Liu,  J.  Electrochem.  Soc.  1H,  2387  (1984). 

2  A.E.  Michel,  Nucl.  Instrum.  Meth.  B37/38,  379  (1989). 

3  W.K.  Hofker,  H.W  Werner,  D.P.  6osthoek  and  H.A.M.  de  Grefte,  Appl. 
Phys  2,  285  (1973). 

4.  N.E.B.  Cowern,  H.F.F.  Jos  and  K.T.F.  Janssen,  Proc.  E-MRS  Meeting, 
Symposium  B,  Strasbourg,  May  30-June  2  1989. 


G18.4 

RAPID  THERMAL  PROCESS-INDUCED  DEFECTS  :  GETTERING 
OF  THE  INTERNAL  AND  EXTERNAL  CONTAMINANTS.  B. 
Hartiti,  W.  Eichhammer.  J.C.  Muller  and  P.  Siffert,  CRN  (  IN2P3) 
Laboratoire  PHASE  (UPR  n°  292  du  CNRS)  BP  20,  67037  Strasbourg 
Cedex,  France. 

In  recent  years,  rapid  thermal  processes  (RTP)  have  been  widely 
studied  with  the  aim  to  replace  conventional  thermal  processes.  As  RTP 
inherently  include  quenching  steps  at  the  end  of  the  thermal  cycle,  the 
determination  of  the  origin  of  RTP-related  defects  in  silicon  is  of  great 
importance  for  many  device  applications.  RTP-induced  defects  were  in 
general  analyzed  by  means  of  Deep  Level  Transient  Spectroscopy 
(DLTS)  in  the  near  surface  region.  A  number  of  energy  levels  were 
detected,  varying  from  one  author  to  the  other,  which  were  believed  to 
be  either  intrinsic  or  impurity-related  defects  without  excluding  a 
possible  contribution  of  surface  contaminants. 

Here,  we  will  demonstrate  that  the  RTP-induced  defects  are  related  to 
residual  impurities  present  in  the  as-grown  material,  and,  hence  are 
dependent  on  the  origin  of  the  silicon  wafer.  For  one  particular  material 
an  activation  of  a  specific  residual  metallic  impurity  was  observed  in  the 
temperature  range  800  -  1000°C.  A  complete  picture  of  what  is  occuring 
in  RTP  was  obtained  by  a  systematic  serial  sectioning  in  steps  of  about 
25p.m  over  the  whole  sample  thickness.  In  particular,  we  were  able  to 
separate  three  different  effects  :  the  activation  of  residual  bulk  defects, 
the  inhomogeneous  redistribution  of  these  defects  by  a  gettering  effect 
of  the  surface,  and  the  occurence  of  surface  contamination  during  the 
sample  preparation. 

The  annealing  of  the  activated  bulk  defects  as  well  as  the  possible 
passivation  of  these  defects  by  means  of  low-energy  hydrogen  ion 
implantation  are  discussed. 

G18.5 

OXYGEN  AND  IRON  REDISTRIBUTION  UPON  TERMAL 
TREATMENT  IN  IRON  IMPLANTED  SILICON.  B.  Pivac. 

A.  Borghesi',  L.  Dttolini",  M.  Geddo*,  A.  Piaggi'  and  A.  Stella', 
•Dipartimento  di  Fisica-Universita*  di  Pavia  Via  A.  Bassi  6,  I- 
27100  Pavia,  ITALY;  "Centro  di  Studio  per  la  Cristallografia 
Strutturale  del  C.  N.  R.,  1-27100  Pavia,  ITALY 

As  an  iron  is  a  fast  diffuser  in  silicon,  the  prevention  of  silicon 
contamination  with  iron  during  technological  processes  is  very  dif¬ 
ficult.  In  order  to  study  the  iron-oxygen  interaction  in  silicon,  dif¬ 
ferent  doses  of  100  keV  iron  ions  have  been  implanted  into  CZ  sil¬ 
icon  substrates,  and  subsequently  annealed.  The  redistribution  of 
iron  and  oxygen  upon  thermal  treatment  in  nitrogen  atmosphere 
was  monitored  with  SIMS  and  FTIR  measurements.  A  significant 
gettering  of  iron  as  well  as  of  oxygen  into  the  layer  close  to  the 
implanted  surface  has  been  found  only  for  doses  exceeding  the 
critical  fluences,  therefore  indicating  that  the  structural  disorder 
and  associated  lattice  strain  field  axe  the  main  driving  force  for 
gettering  mechanism.  It  has  been  found,  however,  that  for  doses 
above  the  critical  fluences  not  all  iron  ions  have  been  trapped  into 
the  damaged  region,  but  a  significant  part  of  them  have  diffused 
into  the  bulk  of  material,  unaffected  with  gettered  oxygen. 

G18.6 

ION  BEAM  ETCHING  OF  SILICON:  IMPLANTATION  AND  DIFFUSION  OF 

NOBLE  GAS  ATOMS,  AND  GETTERING  OF  COPPER 

William  D.  Sawyer  and  JBrg  Weber 

Max-Planck-Instltut  fur  Festkorperforschung 

Heisenbergstr.  1,  7000  Stuttgart  80,  Federal  Rep. of  Germany 

Using  photoluminescence  (PL) ,  Rutherford  backscattering 
(RBS)  and  transmission  electron  microscope  imaging  (TEM) , 
we  investigate  defects  which  are  introduced  Into  silicon  by 
ion  beam  etching.  The  RBS  results  show  that  during  the  ion 
beam  etch  a  highly  damaged  surface  layer  is  formed  which 
contains  a  large  concentration  of  Ar  atoms.  The  Ar  atoms 
then  diffuse  out  of  the  surface  and  into  Che  crystalline 
bulk  by  some  form  of  radiation  enhanced  diffusion. 

Annealing  of  the  etched  samples  at  350°C  results  in  the 
formation  of  noble  gas  defects  known  from  previous  PL 
studies  of  ion  implanted  silicon.  When  the  samples  are 
annealed  at  650°C  new  defects  are  formed.  Although  little  is 
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known  about  Che  structure  of  these  defects,  we  show  chac  Che 
new  Ar  defect  getters  a  small  copper  contamination  very 
effectively.  Further  annealing  of  the  Ar  etched  samples  at 
1050°C  causes  Che  formation  of  Ar  bubbles  with  an  average 
diameter  of  about  S  nm. 

G18.7 

BEHAVIOR  OF  POINT  DEFECTS  IN  FZ  AND  CZ  Si  CRYSTALS 
Takao  Abe  , 

Shin-Etsu  Handotai,  Annaka,  Gunma  379-01,  JAPAN. 

FZ  Si  crystals  containing  both  swirls  (A-defect)  and  D-defect. 
which  are  3  mm  thick  wafers  cut  vertically  to  the  growth 
direction,  are  annealed  in  wet  0»  and  N,  ambient,  and  then 
are  abserved  by  x  -  ray  topograph  following  Cu  decoration 
using  1  mm  thick  specimens  cut  parallel  to  the  growth 
direction.  A-defect  formation  is  enhanced  and  D-defect  region 
is  reduced  when  FZ  wafers  are  annealed  in  wet  0,  at  1000  C, 
whereas  shrunken  A-defect  and  enhanced  Ddefect  are  observed 
by  the  annealing  in  N,  at  1000C.  It  is  clearly  demonstrated 
from  the  above  results  that  A-defects  are  formed  by  excess 
Si  interstitials  and  D-defects  by  excess  vacancies. 

By  reheating  of  CZ  grown  crystal  ingots  in  the  same  grown- 
fumace,  the  ring-like  OSF  region  is  generated  with  steep 
thermal  gradient  in  the  growth  direction ,  whereas  the 
anomalously  oxygen  -  precipitated  (AOP)  region  is  produced 
with  the  rapid  cooling  from  near  melting  temperature  in 
the  same  manner  of  detatching  from  the  melt 

A-defect  formation  is  attributed  to  steep  thermal  gradient 
of  the  periphery  of  ingot,  whereas  D-defect  to  mild  thermal 
graJ'-nt  at  the  center  of  ingot.  It  is  concluded  that  A- 
defect  nd  ring  like  OSF  region  are  composed  of  excess  Si 
interstitiJs  and  D  defect  and  AOP  region  is  related  to 
excess  vacancies.  Only  an  essential  factor  for  point  defect 
formation  is  the  thermal  gradient  in  the  growing  crystals. 

G18.8 

AN  IMPROVED  MODEL  FOR  COMPUTER  SIMULA¬ 
TION  OF  OXYGEN  PRECIPITATION  PHENOMENA 
Af-fo/irffsa,  P.Pongrati,  H.W.Pbizl,  TU-Vienna,  Austria; 

E. Guerrero,  D. Huber,  Wacker  Chemitronic,  Burghausen,  FRG. 

Oxygen  Precipitation  is  of  considerable  importance  for  VLSI  pro¬ 
cessing  (”  Gettering”,  "Denuded  Zone  Formation").  A  model  which 
has  been  presented  at  the  EMRS  1989  in  Strasbourg  has  been  fur¬ 
ther  improved.  The  model  differs  from  most  of  the  other  precipi¬ 
tation  models  currently  used  in  literature,  since  it  describes  growth 
and  decay  of  an  ensemble  of  oxygen  precipitates  statistically  bv  a 
Fokker- Planck  equation.  The  coefficients  of  the  Fokker-Planck  equa¬ 
tion  contain  the  Gibbs  energies  of  precipitates,  which  are  modelled 
as  the  sum  of  volume-,  interfaciai-  and  stress  energy  terms.  Energy 
contributions  of  point  defects  are  also  considered.  Model  parame¬ 
ters  are  determined  from  single  step  annealing  experiments.  Then 
experimentally  observed  phenomena  in  multi  step  annealing  like  the 
"oxygen  precipitation  retardation/recovery  phenomenon"  [1J  and  the 
’nucleation  incubation  phenomenon”  [2]  are  studied.  Our  model  can 
quantitively  account  for  experimentally  determined  interstitial  oxy¬ 
gen  data  and  precipitate  densities.  Furthermore  a  selection  of  tl 
complete  numerical  analysis  of  experimental  data  (comprising  size 
distribution  of  precipitates,  precipitated  oxygen,  precipitate  densi¬ 
ties,  average  precipitate  radius  and  critical  precipitate  radius  all  as 
a  function  of  time)  will  be  given  and  discussed. 

[11  T.Y.Tan  and  C.Y.Kung,  J.Appl.Phys.,Vol.59  (1986)  pp.3974 
[21  N.Inoue  et  al.,  J.Cryst. Growth, Vol.84  (1987)  pp.2I 


G18.9 

FAILURE  OF  THE  "KICK-OUT  MODEL  FOR  THE  DIFFUSION  OF 
Au  INTO  SI  WHEN  TESTED  BY  MONTE  CARLO  SIMULATION. 

Uwe  Schmid*,  and  James  A.  Van  Vechten,  Oregon  State  University. 
Corvallis,  OR  97331  -3202,  U.S.A. 

We  have  developed  VTDSIM,  a  Monte  Carlo  simulation  program  for 
the  creation,  interaction,  migration  and  reaction  of  point  defects  in  Si 
and  GaAs  type  lattices.  This  ’C’-program  can  do  large  simulations  on 
PCs  at  almost  no  cost  by  running  continuously  in  the  background  with 
multitasking  software.  It  is  available  at  the  cost  of  the  media  to  anyone 
wishing  to  test  the  relationship  between  any  particular  complete  set  of 
atom  level  assumptions  and  their  microscopic  consequences. 

We  have  applied  VTDSIM  to  the  controversial  case  of  Au  diffusion  into 
Si  [1,2].  At  this  writing,  we  have  finished  the  formation  of  1.4  104  Au 
substitutionals  (Aus)  at  1368  K  in  a  sample  of  6.4  10s  sites  through  ap¬ 
prox.  810°  discrete  events  via  the  'Tack-out"  hypothesis  with  parameters 
as  suggested  by  U.  Gosele.  A  real  sample  would  have  melted  to  the  Au- 
Si  eutectic  before  this.  The  result  is  dramatically  at  odds  with  the 
properties  claimed  by  the  proponents  of  that  model  re:  1)  the  profile 
of  Au  interstitials,  which  decays  exponentially  and  never  becomes  flat; 
2)  the  variation  with  time  of  the  Au  concentration  in  the  center  of  the 
sample,  which  is  linear  at  all  times  and  never  becomes  Vt;  3)  the  effect 
of  Aus  on  the  outdiffusion  of  Si  interstitials,  which  is  only  quantitative 
and  not  qualitative;  4)  the  Au  profile  itself,  which  we  find  to  be  much 
more  exponential  and  less  U-shaped  than  claimed. 

Our  VTDSIM  simulation  of  the  "Frank-Turnbull"  model  [  1]  goes  much 
slower  and  showed  an  initial  behavior  which  was  at  odds  with  both  ex¬ 
periment  and  the  claims  of  its  proponents.  As  the  simulation  continues, 
it  is  showing  sign  of  turning  toward  experiment  and  claim.  In  contrast 
to  the  kick-out,  it  also  produces  a  U-profile  from  a  one-sided  diffusion. 

[1]  F  A  Huntley  and  A.  F.  W.  Willoughby.  J.  Electrochem.  Soc.  120,  414  (1973) 
[2i  A.Seeger,  Phys.  Stat.  Sol.  (a),  A  61,  521  (1980) 

*  Present  address:  Max-Planck-lnstitut  fur  Festkdrperiorschung,  Stuttgart.  F.R.G. 
GX8.10 

DIFFUSION  OF  POINT  DEFECTS  IN  A  STRESSED  SIMPLE 
CUBIC  LATTICE.  Dimitris  Maroudas  and  Robert  A.  Brown, 
Department  of  Chemical  Engineering,  Massachusetts  Institute  of 
Technology,  Cambridge,  MA  02139. 

Systematic  theoretical  and  computational  procedures  are  presented 
for  the  analysis  of  point  defect  diffusion  in  the  presence  of  an 
applied  potential  that  is  superimposed  onto  the  perfect  lattice 
potential.  The  procedure  Stans  with  the  formulation  of  a 
conservation  equation  for  the  number  density  of  point  defects.  The 
method  of  moments  is  used  to  derive  expressions  for  the  diffusivity 
tensor  D  as  a  function  of  equilibrium  ensemble  averages  of  the 
displacement  vector  of  the  defect.  The  components  of  D  are 
computed  by  a  dynamic  Monte  Carlo  simulation  with  the  proper 
introduction  of  the  time  variable. 

Results  are  demonstrated  for  a  simple  cubic  structure  characterized 
by  a  spatially  periodic  lattice  potential  in  the  absence  of 
imperfections.  For  a  constant  applied  potential  the  diffusivity  tensor 
is  isotropic.  For  a  linear  potential  it  is  anisotropic,  but  homogeneous 
and  the  sizes  of  its  components  relative  to  the  isotropic  value  vary 
significantly  depending  on  the  magnitude  and  the  direction  of  the 
potential  gradient.  Continuum  modelling,  jump  rate  theory  and  the 
solution  of  the  homogeneous  problem  are  combined  to  form  a 
constitutive  model  for  the  dependence  of  D  on  the  potential  gradient. 

This  model  can  be  used  for  the  solution  of  problems,  such  as  the 
diffusion  of  substitutional  impurities  in  semiconductor  crystals  and 
the  calculation  of  the  concentration  field  of  point  defects  in  the 
vicinity  of  dislocations. 
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G18.ll 

COMPUTER  CALCULATION  OF  DIFFUSIVITY,  EFFECTIVE 
ACTIVATION  ENERGY  AND  OF  ACTIVATION  ENERGY 
DIMINUTION  FROM  MEASURED  PROFILE  OF  IMPURITY 
DISTRIBUTIONS  IN  SILICON  .  D.K.An,  Microeletronics  Company 
P.O.Box.  21,  H— 1325  Budapest  Hungary 

The  exact  dopant  profile  carries  all  the  information  about  diffusion 
process,  but  in  order  to  get  that  information  it  is  nessesary  to  have  a 
consistent  model  to  analyzing  the  measured  profiles.  The  aim  of  this 
work  is  to  analyse  the  measured  profiles  of  impurities  in  the 
anomalous  diffusion  processes  on  computer.  The  work  starts  with  the 
discussion  about  Boltzmann— Mantano  method  for  the  anomalous 
diffusion  process  including  the  kink— tail  profile  case.  Using  this 
method  the  diffusivities  of  the  dopants  were  calculated, then  the 
effective  activation  energies  and  the  decrease  of  the  activation 
energies  of  three  dopants  (Boron  Phosphorus,  Arsenic)  have  been 
calculated  on  the  base  of  a  diffusion  model  given  by  the  author.  The 
prediffusion  factors  were  estimated  and  finally  expressions  for  the 
diffusivities  of  the  impurities  are  given.  Some  results  can  be  seen  on 
Fig.  1,2, 3, 4. 

G18.12 

DEFECTS  IN  DOPED  SILICON  EP I LAYERS  STUDIED 
WITH  VARIABLE-ENERGY  POSITRONS  AND  MeV  IONS. 

P.  J.  Simpson.  P.J.  Schultz,  R.  W.  Hunt  and 
I . V. Mitchel 1 .  University  of  Western  Ontario, 

T.  E.  Jackman  and  G.C.Aers,  National  Research 
Council  of  Canada. 


Properties  of  semiconductors  grown  by 
molecular  beam  epitaxy  (MBE)  are  strongly 
affected  by  defects,  and  few  non-destructive 
techniques  exist  to  study  these.  The 
relatively  new  variable-energy  positron  beam 
technique  provides  such  a  probe  of  near 
surface  defects  and  impurities,  even  at  low 
concentrations  (  »10  atomic  concentration). 
Rutherford  backseat  ter l ng  of  light  ions  and 
nuclear  reaction  analysis  provide 
complementary  information  regarding  the  depth 
profile  of  dopants  and  impurities. 

Silicon  epi layers  grown  by  MBE  at  the  National 
Research  Council  were  studied  at  UWO  using 
both  positron  annihilation  and  ion  beam 
techniques.  Measurements  were  made  following  a 
high  temperature  anneal  in  order  to  examine 
dopant  migration  and  defect  recovery. 

f  .13 

..NGLE  RESOLVED  XPS  ANALYSIS  OF  SURFACE  DEFECTS  IN  HIGH- 
DOSF.  Sb*  IMPLANTED  MONOCRYSTALLINE  SILICON.  S.N.  KUMAR, 
C.  CHAUSSEMY,  A.  LAUGIER,  Laboratoire  de  Physique  de  la  Ma- 
ciere,  CNRS  URA  358,  INSA  LYON,  69621  Villeurbanne  Cedex  ; 
M.  CHARBONNIER,  Deparcemenc  de  Chlmie  Appliquee  ec  Genie 
Chimique,  CNRS  URA  617,  B.  CANUT,  Deparcemenc  de  Physique 
des  Maceriaux,  Universice  Claude  Bernard  -  LYON  I,  69622 
Villeurbanne  Cedex,  France. 

Defeccs  in  shallow  surface  regions,  whose  depchs  are  compa¬ 
rable  Co  Che  mean  free  pach  of  phocoe lec Crons ,  can  be  pre¬ 
cisely  examined  by  angle-resolved  X-ray  phocoeleccron  spec 
croscopy  (ARXPS)  wherein,  by  sensing  Che  phocoe lec Crons  ac 


low  cake-off  angles,  Che  signal  arising  from  Che  deeper  la¬ 
yers  is  effeccively  quenched.  We  reporc  Che  ARXPS  analysis 
of  Che  implanCacion  induced  damage  resulcing  from  high-dose 
Sb  ion  implancs  in  (100)  p-Si.  Surface  regions  of  silicon 
implanced  wich  2  x  10u,  1 . 2  x  1 01  s  ,  5 . 4  x  I  0' 5  and  I  .  4  x  1  01  6 
Sb*/cnT  and  subsequencly  rapidly  annealed  ac  1100°C  for  10s 
were  scudied  by  analyzing  Che  Si  2p,  0  Is  and  Sb  3ds/2  pho¬ 
coeleccron  speccra  ac  various  Cake-off  angles.  In  parcicu- 
lar,  che  Si  2p  peaks  revealed  Cwo  lines  corresponding  Co  Che 
elemencal  and  oxidized  scares  in  all  Che  samples.  The  bind¬ 
ing  energy  shife  beeween  chese  Cwo  lines  was  A,  leV  less  for 
che  2  x  1014  Sb+/cm2  sample  Chan  for  ochers  and  Che  Si/SiOx 
racio  decreased  sysremacically  wich  increasing  ion  dose.  The 
0  concencracion  increased  by  nearly  one  order  of  magnicude 
beeween  che  !.2xl0ls  and  1.4  x  10  6  Sb*/cm2  implanced  sam¬ 
ples.  The  resulcs  of  RBS,  SIMS  and  ARXPS  are  incerpreced  in 
cerms  of  che  formacion  of  a  highly  disordered  surface  region 
for  doses  higher  Chan  a  cricical  value  of  a.  I01S  SbVcrrT  . 
These  daca  will  also  be  compared  wich  Che  eleccrical  charac- 
ceriscicsof  che  N*/P  diodes  and  MOSFET  scrucCures  construc¬ 
ted  on  che  accivaced  implanced  samples. 

G18.14 

MODIFIED  OPTICALLY  DETECTED  MAGNETIC 
RESONANCE  TECHNIQUE  FOR  STUDIES  OF  DEFECTS  IN 
Si  AND  GaAs.  W.M.  Chen  and  B.  Monemar,  Department  of 
Physics  and  Measurement  Technology,  Linkoping  University, 
S-581  83  Linkaping,  SWEDEN. 

Optically  detected  magnetic  resonance  (ODMR)  has  been 
proven  to  be  a  powerful  technique  for  studies  of  electronic 
structure  and  microscopic  identification  of  defects  in  many 
semiconductors.  Its  application  to  the  technologically 
important  materials  Si  and  GaAs  as  well  as  their  related 
heterostructures  has  been  very  limited  so  far,  however.  This 
is  mainly  because  the  ODMR  spectrum  is  commonly 
dominated  by  a  strong  background  signal,  which  obscures 
any  possible  detection  of  defect-related  ODMR  signals.  In  this 
paper  we  shall  discuss  the  physical  mechanisms  responsible 
for  the  background  signal,  based  on  hot-carrier  effects  in  a 
microwave  field.  A  modified  technique,  a  multiply  pulsed 
ODMR  system,  which  has  been  proven  to  be  very  successful  in 
overcoming  the  difficulties  of  ODMR  in  Si  and  GaAs,  has  been 
developed  in  this  work.  A  number  of  defects  in  these  mate¬ 
rials  have  been  discovered  and  investigated  by  this  new 
technique.  These  defects  could  not  be  studied  by  conventional 
ODMR  technique.  A  few  examples  of  such  studies  will  be 
demonstrated.  A  universal  application  of  this  technique  to 
other  high  dielectric  loss  materials  is  also  emphasized.  This 
work  therefore  provides  a  breakthrough  in  ODMR  studies  of 
defects  in  semiconductors. 

G18.15 

OPTICAL  PROPERTIES  OF  NOVEL  VI8RONIC  BANDS  IN 
ELECTRON-IRRADIATED  TIN  DOPED  SILICON.  J.  H  . 
Svensson.  B.  Monemar,  Department  of  Physics  and 
Measurement  Technology,  Linkdping  University,  S- 
581  83  Linkoping,  SWEDEN  and  B.G.  Svensson, 
Department  of  Solid  State  Electronics,  The  Royal 
Institute  of  Technology,  P.O.  Box  1298,  S-164  28 
Kista,  SWEDEN. 

New  vibronic  bands  have  been  investigated  in  2  MeV 
electron  irradiated  Czochralski  grown  silicon 
doped  with  tin.  Two  no-phonon  lines  are  observed 
at  341,6  meV  and  509,8  meV,  each  with  strong 
coupling  to  phonons.  At  low  temperatures  (T-6  K) 
the  phonon  s' ieband  spectrum  is  completely 
dominated  by  a  single  vibrational  mode  with  a 
quantum  energy  of  8.6  and  8.7  meV  for  the  two  no¬ 
phonon  lines  respectively.  Coupling  to  four  and 
six  phonon  quanta  are  observed  for  the  no-phonon 
lines.  At  higher  temperatures  coupling  to 
thermally  excited  single  vibrational  modes  in  the 
gound  state  is  observed  for  both  no-phonon  lines . 
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The  temperature  dependence  of  the  absorption  has 
been  studied  between  t  and  190  K.  The  intensity 
relation  between  the  two  absorption  structures  is 
also  found  to  be  dependent  on  the  optical 
excitation  of  the  sample.  When  the  sample  is 
cooled  in  darkness  the  no-phonon  peak  at  lowest 
energy  has  a  minimum  in  intensity.  After  optical 
excitation  the  intensity  increases  at  the  expense 
of  the  intensity  of  the  no-phonon  peak  at  higher 
energies .These  peaks  have  also  been  observed  in 
photo luminescence .  The  defect  causing  the 
transitions  is  suggested  to  be  a  complex  defect 
involving  tin  as,  at  least,  one  of  the 
constituents . 

G18.16 

A  NEW  METASTABLE  DEFECT  IN  SILICON,  AN  OPTICAL 
STUDY  AND  AN  INVESTIGATION  OF  THE  MECHANISM  CAUSING 
THE  CONFIGURATIONAL  CHANGE.  .T .  H.  Svensson  and  B. 
Monemar,  Department  of  Physics  and  Measurement 
Technology,  Linkoping  University,  S-5S1  83 
Linkoping,  SWEDEN. 

Recently  a  new  no-phonon  peak  was  discovered  in 
electron  irradiated  silicon  (1) .  Optical  studies  of 
this  peak  displayed  metastable  properties  of  the 
defect  causing  the  electronic  transition.  In  this 
work  we  present  detailed  information  about  the 
transition  and  the  processes  governing  the  observed 
change  of  the  configuration  of  the  defect  only 
observed  at  temperatures  below  70  K  and  during 
optical  above  band  gap  excitation.  Experimental 
results  explaining  the  change  in  configuration  as 
caused  by  free  excitonic  recombination  at  the 
defect  is  presented. 

A  detailed  temperature  dependence  of  the  no-phonon 
peak  and  the  absorption  structure  related  to  it 
from  4.2  to  70  K,  where  thermal  quenching  of  the 
structure  starts  to  occur,  is  also  presented. 
Experimental  results  from  uniaxial  stress  studies 
of  the  transition  from  the  metastable  state  will  be 
discussed. 

(1)  J.  H.  Svensson  and  B.  Monemar  (Accepted  Phys . 
Rev.  E,  Rapid  Communications) 

G18.17 

NOVEL  LUMINESCENCE  BAND  IN  SILICON  IMPLANTED  WITH  PHOSPHORUS 
AND  BORON.  A.K.  Srlvastava.  D-K.  Sharma  and  K.L.Narasimhan, 
Tata  Institute  of  Fundamental  Research,  Horai  Bhabha  Road, 
Bombay  400005,  D.  Sarkar  and  V.  Premchandran,  Indian  Tele¬ 
phone  Industries,  Doorvani  Nagar,  Bangalore  560016,  India. 

There  Is  considerable  interest  in  the  study  of  processing 
related  defects  in  silicon.  We  report  the  results  of  photo- 
luminescence  measurements  on  ion  implanted  silicon.  The 
samples  are  implanted  with  P  (energy  180  keV;  dose  10^5 
acoras/cm-*)  and  B  (energy  80  keV;  dose  1015  atoms/cm2)  and 
annealed  at  900’C  for  30  min.  followed  by  slow  cooling. 

Some  samples  implanted  with  only  P  or  B  were  also  studied. 

The  photoluminescence  measurements  were  made  at  10K  using 
He  Ne  la^er  as  the  excitation  source.  A  liq.  cooled  Ge 
detector  was  used  to  measure  the  signal. 

The  double  implanted  sample  shows  a  very  strong  luminescence 
line  at  1.017  eV  with  phonon  replicas  at  0.998,  0.978  and 
0.965  eV.  The  luminescence  intensity  of  the  no  phonon  (NP) 
1.017  eV  line  is  nearly  one  order  of  magnitude  larger  chan 
che  TO  phonon  line  in  the  unimplanced  sample.  The  tempera¬ 
ture  dependence  of  the  NP  line  shows  excitonic  behaviour. 

The  intensity  is  nearly  constant  up  to  a  temperature  of  25K 


and  then  falls  rapidly  with  an  activation  energy  of  56  raeV 
in  the  50-100K  range. 

The  samples  implanted  only  with  either  P  or  B  do  not  show 
the  novel  luminescence.  We  think  that  there  is  a  complex 
involving  both  che  P  and  B  which  is  giving  rise  to  the  new 
luminescence  band. 


G18.18 

UNIAXIAL  STRESS  AND  ZEEMAN  MEASUREMENTS  ON  THE 
0 . 943eV  LUMINESCENCE  BAND  IN  SILICON. M.C.  do  Carmo. 
Departments  de  Fislca,  Universidade  de  Aveiro,  3800 
Aveiro,  Portugal;  K.C.  McGuigan  and  M.O.  Henry, 

School  of  Physical  Sciences,  Dublin  City  University, 
Dublin  9,  Ireland;  G.  Davies  and  E.C.  Lightovlers, 
Department  of  Physics,  Kings  College,  Strand,  London 
WC2R  2LS,  UK. 

Copper  is  a  common  contaminant  in  silicon  crystals 
snd  several  copper -related  luminescence  bands  have 
been  reported  (1,21.  In  thie  paper  we  present  new 
date  on  the  943meV  band  which  dominates  the 
luminescence  of  samples  lightly  doped  with  copper 
and  rapidly  quenched  from  1100°C.  Uniaxial  stress 
measurements  on  two  of  the  zero-phonon  lines  in  the 
spectrum  show  that  the  luminescence  transitions 
occur  from  T  to  A  states  at  a  tetrahedral  centre. 
Zeeman  measurements  reveal  some  novel  features  which 
will  be  analysed  and  compared  with  corresponding 
data  for  other  transition  metal  related  luminescence 
bands.  The  physical  mechanisms  for  the  stability  of 
these  defects  in  silicon  will  be  Inferred. 

1.  J.  Weber.  H.  Bauch  and  R.  Sauer,  Phys. Rev.  B  25, 
7688  (1982) 

2.  K.G.  McGuigan,  M.O.  Henry,  E.C.  Lightowlers, 

A.G.  Steele  end  M.L.V.  Thevalt 

Solid  State  Comm.  M.  2  (1988) 
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STRAIN  INDUCED  INTRINSIC  QUANTUM  WELLS  AS  THE  ORIGIN  OF 
BROAD  BAND  PHOTOLUMINESCENCE  IN  SILICON  CONTAINING 
EXTENDED  DEFECTS.  Helve  Weman.  and  Bo  Monemar. 
Department  of  Physics  and  Measurement  Technology. 
iT„i„.rcirv  9-481  83  LinkOoing.  SWEDEN. 


In  this  work  we  present  a  new  recombination  mechanism  that 
can  occur  in  semiconductors  containing  extended  defects. 


The  model  is  based  on  experimental  data  both  from  hydrogen 
plasma  treated  silicon,  containing  extended  defects  like 
platelets  and  gas  bubbles,  and  from  oxygen  precipitated 
silicon.  The  photoluminescence  (PL)  spectra  of  these  samples 
contain  broad  bands,  typically  around  0.9  eV,  with  a  halfwidlh 
(FWHM)  of  as  much  as  100  meV. 

The  origin  of  these  broad  PL  bands  we  attribute  to  electron- 
hole  recombination  in  tl.e  heavily  damaged  region 
surrounding  the  extended  defects,  where  the  electrons  and 
holes  can  be  localized  in  strain  induced  potential  wells. 


The  experimental  data  from  the  plasma  treated  silicon  (1).  are 
supported  by  a  theoretical  calculation  based  on  the 
compressive  strain  induced  bending  of  the  conduction  and 
valence  bands  around  (111)  and  (100)  platelets,  resulting  in  a 
local  bandgap  reduction  of  as  much  as  0.3  eV.  The  model  is  also 
consistent  with  the  observed  temperature  and  excitation 
intensity  dependence  of  the  broad  PL  bands. 

This  recombination  mechanism  is  believed  to  occur  also  in 
other  semiconductors  since  it  is  not  related  to  the  electrical 
potentials  of  (he  defects,  but  is  of  an  "intrinsic  nature. 

11]  H.  Weman,  J.  L.  Lindstrdm,  and  G.  S.  Oehrlein.  Pr<*T(^'MRS 
1989  Spring  Meeting,  Symp.  B.  Strasbourg.  May/June  1989. 
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A  HVEM  STUDY  OF  THE  ELECTRON  IRRADIATED  DEFECTS  IN  NITRO¬ 
GEN  DOPED  FZ-Si.  Gao  Yuzun.  General  Research  Institute 
for  Non-Ferrous  Metals,  Beijing,  China;  and  T.Takeyaaa, 
HVEM  Lab,  Hokkaido  University,  Sapporo,  Japan. 

The  nitrogen  doped  FZ-Si  single  crystal  has  excellent 
strength  properties  against  thermo-mechanical  deformation 
(l).  Under  certain  conditions,  nitrogen  and  vacancies  in 
Si  can  form  deep  energy  level  defects  (2).  In  the  pre¬ 
sent  work,  a  high  voltage  transmission  electron  micro¬ 
scope  (JEM-1000)  has  been  used  to  investigate  the  elec¬ 
tron  irradiated  defects  in  p-type  FZ-Si  and  nitrogen 
doped  FZ-SI.  The  concentration  of  nitrogen  in  the  latter 
was  1  E-el 5  at./cm3.  The  specimens  were  irradiated  in  the 
condition  of  1000  kV  and  the  dose  of  0.1  dpa/min  in  HVEM. 

The  obtained  results  were  as  follows: 

1.  The  electron  irradiated  defects  were  bar-like  defects 
along  < 1 10 >  directions,  dislocation  loops  and  stacking 
faults  on  (113)  planes  in  the  two  kinds  of  Si. 

2.  When  the  irradiated  conditions  were  the  same,  the 
irradiated  defects  were  easier  to  be  produced  in  the  FZ- 
Si  than  in  nitrogen  doped  FZ-Si  in  the  temperature  range 
575-773  K. 

3.  The  migration  energy  of  vacancies  in  the  temperature 
range  573-773  K  was  0.34  and  0.58  eV  for  FZ-Si  and  nitro¬ 
gen  doped  FZ-Si  respectively.  It  seems  to  indicate  that 
there  was  some  interaction  between  vacancies  and  nitro¬ 
gen  atoms  in  the  nitrogen  doped  FZ-SI.  The  results  have 
clearly  proved  that  the  nitrogen  doped  FZ-Si  has  excel¬ 
lent  property  against  electron  irradiation. 

Reference 

(1)  K.Sumino,  et  al.,  J.Appl.Phys.  54(1985),  5016 

(2)  M.  Tajima,  et  ai.,  Jpn.  Appl.Phys.  20(1981),  L423 

G18.21 

IDENTIFICATION  OF  RADIATI0N-IMDUC3D  D2F3CTS  IN 
Si:Al.  Ya.I.LatUohko,  V.V. Petrov.  Lenin  Byelorus¬ 
sian  State  University,  llinsk,  220080,  USSR 

Radiation  defects  (RD)  in  Si:Al  have  been  studi¬ 
ed  by  means  of  IRA  and  PL  techniques.  It  is  found 
that  the  main  Al-containing  RD  in  electron  irra¬ 
diated  Si  is  an  interstitial  Al  atom  (Al^).  The 
Al^-Ali  pair  formation  takes  place  during  annea¬ 
ling  at  a  temperature  of  225  °C.  This  has  led  to 
the  shift  of  the  helium-like  IRA  spectrum  to  a 
higher  energy  region  and  to  the  disappearance  of 
FL  lines.  The  value  of  activation  energy  of  Al^- 
Alj  pair  formation  is  0.95  eV  which  corresponds 
to  the  migration  of  Al^  along  hexagonal  intersti¬ 
tials. 

Besides  this  RD  and  the  defect  with  energy  level 
Uv+0.21  eV  a  number  of  new  ones  with  the  IRA  li¬ 
nes  in  the  range  of  0. 1-1.0  eV  and  the  PL  lines 
in  the  range  of  0.5-1. 2  eV  was  observed  in  neu¬ 
tron-irradiated  Si.  Taking  into  account  the  an¬ 
nealing  data  and  the  results  obtained  from  pi- 
ezospectroscopic  studies  the  classification  of 
this  RD  has  been  established.  The  obtained  re¬ 
sults  confirmed  that  transitions  at  Ali  corres¬ 
pond  to  the  Td  symmetry  center.  Piezospectrosco- 
pic  investigations  of  neutron- irradiated  Si  have 
shown  that  uniaxial  stress  leads  to  the  removal 
of  both  electron  and  orientational  degeneration 
of  defect  energy  levels.  The  RD  under  study  are 
found  to  have  symmetry  of  at  least  four  types: 
tetrahedral;  monoclinic;  rhombic  1;  triclinic. 

The  values  of  piezospectroecopic  tensor  compo¬ 
nents  lie  in  the  interval  from  0.1  to  50  meV/GPa. 


G18.22 

DEFECT-FORMATION  DEPENDENCE  ON  GROUP  V-DOPANT 
ATOMS  IN  ELECTRON-IRRADIATED  SILICON.  0.0. 
Awadelkarlm.  A.  Henry,  B.  Monemar,  Department  of 
Physics  and  Measurements  Technology,  Linkaping 
University,  S-581  83  Linkaping,  SWEDEN  and  J.L. 
Lindstram,  Swedish  Defence  Research  Establishment, 
P.O.  Box  1165,  S-581  11  Linkdping,  SWEDEN. 

The  defect  states  introduced  in  P-,  AS-  and  SB- 
doped  silicon  upon  room-temperature  electron- 
irradiation  are  studied  by  deep-level  transient 
spectroscopy  (DLTS) .  Evidence  is  provided  for  in¬ 
volvement  of  the  P-atom  and  the  vacancy  in  the 
defect  complex  giving  rise  to  the  prominent 
electron  trap  commonly  observed  at  -Ec_0.4  eV  (Eq 
being  the  edge  of  the  conduction  band) .  It  could 
not  be  concluded,  however,  whether  the  complex 
comprises  only  a  phosphorus-vacancy  pair,  as  in 
the  E-centre.  This  electron  trap  together  with 
another  at  Ec~0.30  eV,  apparently  phosphorus 
related,  exhibit  configurationally  metastable  be¬ 
haviour.  The  configurational  metastability,  a 
phenomenon  observed  here  only  in  P-doped  material, 
is  argued  to  have  arisen  from  the  presence  of  a  P 
atom  in  the  defect  complexes.  Other  electron  traps 
observed  at  Ec-0.27  eV  and  Ec-0.34  eV  in  As-doped 
material  and  E<;-0.51  eV  in  Sb-doped  material  are 
discussed  in  terms  of  complexes  involving  As  or 
Sb.  Data  on  the  stability  of  the  observed  traps, 
their  carrier  capture  cross  sections,  production 
and  annealing  properties  are  presented. 

G18.23 

ELECTRONIC  STRUCTURE  OF  VACANCY-PHOSPHORUS  IMPURITY 
COMPLEXES  IN  SILICON.  Honqqi  Xu.  Department  o £ 
Theoretical  Physics,  University  o£  Lund,  Sweden;  and  U. 
Lindefelt,  ABB  Corporate  Research,  ViisterAs,  Sweden. 

The  vacancy-P  impurity  related  complex  in  silicon  has 
recently  been  investigated  experimentally. /I/  We  present 
a  systematic  theoretical  investigation  of  the  four 
vacancy-P  ,  n=l,  2,  3,  4,  complexes  in  silicon  using  a 

self-consistent  semi-empirical  tight-binding  method.  The 
calculations  are  based  on  Lanczos  algorithm  and  a 
continued-fraction  Green's  function  method,  which  is  very 
well  suited  for  studing  complex  defects. 

The  energy  levels  in  the  band  gap  for  the  five  cases 
vscancy  and  vacancy-Pn,  n*l,  2,  3,  4,  show  a  remar kale 
regularity.  For  n=l  (point-symmetry  group  C.^)  and  n=2 
(C 2 v )  an  e-  and  b^-  level,  respectively,  are  found  at 
practically  the  same  enegy  as  the  t.  vacancy  gap  level 
(T^ > .  Furthermore,  for  n*2,  3  (C  )  and  4  (T  )  we  find  a 
b  -,  e-  and  t  -  level,  respectively,  all  at  practically 
trie  same  position  just  above  the  top  of  the  valence  band. 

For  the  intermediate  cases  n*l,  2  and  3  there  is  also  an 
aJ  gap  level  with  increasing  energy. 

We  shed  light  on  this  regularity  by  related  it  to  the 
localization  of  the  wave  functions  on  the  Si  and  P  atoms 
surrounding  the  vacancy.  We  also  discuss  the  effect  of 
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G18 . 24 

A  SIMPLE  MODEL  FOR  DEFECT  STRUCTURES  IN  SILICON. 
Q  J  Ackland  and  V. Vitek,  Department  ol  Materials  Science  and 
Engineering,  University  of  Pennsylvania,  Philadelphia,  PA 

We  have  shown  that  the  results  of  theoretical,  ab  initio 
structural  stability  and  point  defect  calculations  can  easily  be 
reproduced  without  any  angular  dependent  terms,  using  a 
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simple,  parameterised  short-ranged,  pairwise  potential  in  which 
the  bonding  is  restricted  to  four  bonds.  These  two-body  terms 
have  a  clear  physical  interpretation  in  covalently  bonded 
materials  and  the  present  model  provides  an  extremely  clear 
picture  of  the  cohesion. 

The  model  predicts  reconstructions  of  the  (001 )  and  (111) 
surfaces  which  are  consistent  with  experimental  observation. 
Surprisingly,  the  model  (which  is  biased  towards  fourfold  co¬ 
ordination)  sometimes  prefers  reconstructions  to  threefold 
coordinated  surfaces  over  fourfold  coordination.  For  point 
defect  calculations  we  find  that  the  lowest  energy  structure  is 
often  of  rather  low  symmetry,  and  not  the  high  symmetry 
structures  which  are  usually  examined  based  on  intuition  from 
the  metallic  case.  We  also  show  that  small  clusters  tend  to  have 
a  close-packed  form  rather  than  being  akin  to  pieces  of  the 
diamond  structure. 

While  we  do  not  expect  quantitative  accuracy  for  formation 
energies,  the  reliability  of  the  model  in  predicting  ground  state 
structures,  combined  with  its  extreme  simplicity,  make  it  a 
valuable  guide  to  intuition  for  examining  possible  starting 
configurations  in  more  accurate  total  energy  calculations. 

G18.25 

NEW  DLTS  PEAKS  ASSOCIATED  WITH  NEW  DONORS  AND  ROD¬ 
LIKE  DEFECTS  IN  CZOCHRALSKI  SILICON. 

Yoichi  Kamiura.  Furaio  Hashimoto  and  Minoru  Yoneta, 
Faculty  of  Engineering,  Okayama  University, 
Okayama  700,  JAPAN. 

We  have  studied  the  effects  of  preannealing  at  temperatures 
450-520°C  on  the  new  donor  (ND)  formation  at  650°C  by  a 
combination  of  electrical  measurements,  deep-level  transient 
spectroscopy  (DLTS),  preferential  etching  and  transmission 
electron  microscopy  (TEM),  Prolonged  annealing  at  4S0°C 
produced  a  new  kind  of  thermal  donors  (NTDs)  with 
simultaneous  annihilation  of  so-called  thermal  donors  (TOs) 
that  have  extensively  been  studied  by  many  Investigators. 
TDs  and  NTDs  exhibited  qualitatively  the  same  kinetic 
behavior,  but  NTDs  had  smaller  generation  rates  and  higher 
thermal  stability.  In  such  long-preannealed  samples,  the 
ND  formation  was  greatly  enhanced,  and  two  new  DLTS  peaks 
arising  from  shallow  donor  levels  always  appeared  In  closely 
correlation  with  the  enhanced  NO  formation.  They  were 
also  correlated  with  the  formation  of  <110»  elongated  rod¬ 
like  defects  (RLDs)  and  associated  dislocation  dipoles,  both 
of  which  were  observed  by  TEH  and  also  were  revealed  as 
triangular  etch  pits  by  the  Wright  etching.  For  not 
preannealed  samples,  we  have  never  observed  such  OLTS 
peaks,  RLDs  and  etch  pits  even  after  extended  annealing  at 
650°C.  Instead,  we  observed  only  weak  continuous  OLTS 
spectra  often  reported  previously  and  silicon  oxide 
precipitates  revealed  as  black  spots  by  TEM.  We  tentatively 
attribute  these  new  DLTS  peaks  to  small  oxygen  precipitates 
nucleated  at  NTDs,  and  continuous  DLTS  spectra  to  those 
formed  by  homogeneous  nucleation. 

G18.26 

MULTICONFIGURATIONAL  CARBON-GROUP  V  PAIR  DEFECTS 
IN  SILICON.  E,  Gurer  and  B.  W.  Benton,  Lehigh  university,  Bethlehem  PA 
18015. 

Three  different  multicoufiguratiocal  defects  were  observed  in  carbon  rich, 
electron  irradiated  silicon,  doped  with  the  three  group  V  elements,  phospho- 
rusl  JJ,  antimony4  and  arsenic*.  They  appear  in  DLTS  and  TSCAP  spectra 
after  the  anneal  of  interstitial  carbon  at  350K.  We  identify  them  as  intersti¬ 
tial  carbon  -  substitutional  group  V  pairs.  Each  of  these  defects  has  a 
stable  configuration  with  an  energy  level  near  0.4  eV  below  conduction  band 
and  converts  to  other  configurations  upon  injection  of  minority  carriers  at 


certain  temperatures.  Although  the  overall  properties  of  these  defects  are 
similar,  energy  levels  corresponding  to  the  metastable  configurations  and 
barriers  for  the  conversions  among  them  are  different  for  pairs  with  each 
group  V  atom.  In  the  case  of  C;  -  Sb,and  C,  -  As,  two  of  the  configurations 
form  a  bistable  pair  with  close  similarity  to  the  properties  of  C,  -  C,  pair*, 
suggesting  a  similar  molecular  bond  switching  mechanism.  The  shifts  in 
the  electrical  level  positions  for  the  pair  formation  and  conversion  suggest 
Coulomb  interactions  between  the  constituents  at  different  lattice  sepa¬ 
rations  as  proposed  for  Fe  -  acceptor  pairs7. 

1.  Song  et.al.  Appl.  Phys.  Lett.  51,  1155  (1987). 

2.  Asom  et.al.  Appl.  Phys.  Lett.  51,256(1987). 

3.  Gurer  et.al.  B.  Am.  Phys.  Soc.  34,  834  (1989). 

4.  Benson  et.al.  Materials  Science  Forum  38-41,  391  (1989). 

5.  Gurer  et.al.  B.  Am.  Phys.  Soc.  34,  834  (1989). 

6.  Song  et.al.  Phys.  Rev.  Lett.  60,  460  (1988). 

7.  Chantre  et.al.  Phys.  Rev.  B  31,  7979  (1985). 
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G18.27 

THE  ROLE  OF  FOUR-MEMBER  RING  DEFECT  STRUCTURES 
CONTAINING  CARBON,  NITROGEN,  AND  OXYGEN  IN  CRYS¬ 
TALLINE  SILICON.  Lawrence  C.  Snyder.  Rongzhi  Wu,  and 
Peter  Deak,  Chemistry  Department,  and  James  W.  Corbett, 
Physics  Department,  State  University  of  New  York  at 
Albany,  1400  Washington  Avenue,  Albany  NY  12222. 

In  molecular  cluster  calculations  employing  the  MINDO/3 
method  to  describe  carbon,  nitrogen,  and  oxygen  con¬ 
taining  defects  in  crystalline  silicon,  we  have  found 
defects  containing  two  of  these  first  row  atoms  in  a  four- 
member  ring  to  be  stable.  The  O-Si-O-Si(-O)  four-member 
ring  is  proposed  to  be  a  rapidly  diffusing  species.  The 
C  Si-O-Si(  O)  four-member  ring  is  shown  to  be  a  probable 
structure  for  the  Si-G15  defect.  The  N-SiN-Si(-N)  four- 
member  ring  is  shown  to  exhibit  an  infrared  spectrum 
very  close  to  that  observed  for  nitrogen  “dimer”  in  silicon. 

G18.28 

MOLECULAR  DYNAMICS  STUDIES  OF  DISLOCATION  CORES  IN  SI. 

M.S.  Duesbery,  D.J.  Michel,  Naval  Research  Laboratory, 
Washington  D.C.  20375;  and  B.  Joos,  Ottawa-Carleton 
Institute  for  Physics,  Ottawa,  Ontario,  Canada  KIN  9B4. 


The  structure  and  mobility  of  dislocation  cores  in  a 
Stillinger-Weber1  Si  model  are  examined  at  an  atomistic 
level  using  molecular  dynamics.  Straight  and  double-kinked 
30°  and  90°  partial  dislocation  glide  dipoles  are  modelled 
in  a  strain-free  environment;  reconstruction  and  anti -phase 
defects  are  found  to  be  present  for  30°  partial 
dislocations.  The  effects  of  applied  shear  strains  and  of 
temperatures  up  to  the  melting  point  are  considered  also. 

1.  F.H.  Stillinger  and  T.A.  Weber,  Phys.  Rev  B31 .  5262 
(1985). 

G18.29 

HYDROGEN  INDUCED  DEFECTS  AT  SILICON  EPITAXIAL 
SURFACES  AND  BURIED  MISFIT  DISLOCATIONS,  Tian-Oun 
Zhou.  Zbigniew  J.  Radzimski,  Zhigang  Xiao,  George  A. 
Rozgonyi,  Dept,  of  Materials  Science  and  Engineering, 
North  Carolina  State  University,  Raleigh  ,  NC  27695-7916 

A  novel  silicon  epitaxial  structure  containing 
spatially  confined  arrays  of  misfit  dislocations  has  been 


277 


fabricated  in  order  to  investigate  the  interaction  between 
hydrogen  and  individual  extended  defects.  The  effect  of 
hydrogenation  using  different  plasma  implantation  doses 
was  studied  using  secondary  ion  mass  spectroscope 
(SIMS),  transmission  electron  microscope  (TEM)  and 
scanning  electron  microscope  in  electron  beam  induced 
current  mode  (EBIC/SEM).  SIMS  was  used  to  determine 
the  hydrogen  profile,  TEM  to  reveal  hydrogen  induced 
defects  and  surface  radiation  damage  due  to  the  high 
dose  hydrogen  plasma  process,  while  EBIC/SEM  provided 
imaging  of  the  electrical  activities  of  individual  defects. 
For  the  sample  treated  with  a  high  dose  plasma,  SIMS 
indicates  that  hydrogen  is  concentrated  in  the  near 
surface  region  to  a  depth  of  2S00  A,  where  TEM 
micrographs  show  that  the  sample  is  heavily  damaged. 
An  unusual  EBIC/SEM  contrast  effect  was  obtained  due  to 
the  existence  of  a  surface  inversion  layer  following  high 
dose  hydrogenation.  The  buried  misfit  dislocations  are 
decorated  with  hydrogen-induced  defect  or  hydrogen 
stabilized  defects. 

G18.30 

TEM  INVESTIGATION  OF  SECONDARY  DISLOCATIONS  IN  GRAIN 
BOUNDARIES  IN  GERMANIUM.  M.  Griess,  M.  Seibt,  IV. 
Physilcalisches  Institut,  University  of  Gdttingen.  3400  Gottingen,  FRG; 
H.J.  Moller.  Department  of  Materials  Science  and  Engineering,  Case 
Western  Reserve  University,  Cleveland,  OH  44106; 

Transition  metal  and  other  impurities  can  be  genered  by  grain  boundaries  in 
semiconductors  and  alter  their  electrical  properties.  Recent  studies  of  the 
segregation  process  indicate  that  the  distribution  of  precipitated  impurities  is 
rather  inhomogeneous  and  facilitated  by  dislocations  and  other  structural 
features  in  the  grain  boundaries. 

The  objective  of  the  present  investigation  is  the  characterization  of  grain 
boundary  dislocations  to  get  more  insight  in  the  structural  features  of 
arbitrary  grain  boundaries  and  their  gettering  properties.  For  this  purpose 
near-coincidence  [Oil]  -  tilt  grain  boundtics  in  germanium  have  been 
grown  by  the  two  seed  Czochralski  technique  at  misorientation  angles  of 
about  40°.  A  number  of  dissociated  grain  boundaries  were  observed  with 
angular  deviations  to  the  coincidence  orientations  X  3,  X  9,  X  19,  and  Z  27 
below  about  3°.  The  secondary  dislocations  in  some  of  the  grain  boundaries 
were  studied  by  conventional  and  high  resolution  TEM.  The  combination  of 
both  methods  allowed  to  determine  the  Burger’s  vectors  of  some  of  the 
dislocations  and  to  relate  them  to  corresponding  DSC  lattice  vectors.  The 
main  results  are  that  non  -  primitive  Burger's  vectors  are  observed  and  that 
they  do  not  always  belong  to  the  DSC  lattice  of  the  nearest  coincidence 
orientation.  Furthermore  the  result  is  discussed  in  comparison  with  earlier 
observations  of  a  Z  27  grain  boundary,  which  indicate  that  the  dislocation 
type  and  structure  changes  with  the  misorientation  angle. 

G18.31 

AC  PHOTOVOLTAIC  INSPECTION  OF  P-N  JUN  [ONS  HAVING 
HIGH  LEAKAGE  CURRENT.  N.  Homna.  vhimizu.  C. 
Munajcata.  Centaral  Research  Laboratory.  Hitachi 
Ltd..  K  okubun j  I.  Tokyo  185  and  M.  Ogasawara.  Device 
Development  Center.  Hitachi  Ltd-.  Oume.  Tokyo  198 

Junction  leakage  is  one  of  the  most  severe 
yield-limiting  mechanisms  in  the  fabrication  of 
VLSI  circuits.  A  technique  for  imaging  the 

distribution  of  ac  photovoltages  induced  by 
irradiation  with  a  chopped  photon  beam  (PB)  in  a 
Si  wafer  has  been  applied  to  the  nondestructive 
inspection  of  junction  leakage.  A  cathode  ray 
tube  (CRT)  or  a  He-Ne  laser  is  utilized  to 
generate  photovoltages  in  junctions.  Ac 

photovoltages  are  measured  capacitively  through  a 
25  ura  air  gap  between  tha  wafer  surface  and  the 
transparent  electrode.  Junctions  are  formed  on  a 
p-type  Si  wafer  with  a  resistivity  of  0.  1  Ora. 
Arsenic  ions  are  implanted  to  form  n-type  surface 
layers.  The  junctions  are  surrounded  by  a  500  nm- 


thick  field  oxide  layer.  under  which  boron  ions 
are  heavily  implanted  to  make  a  channel  stopper. 

When  a  junction  leakage  current  is  large.  the 
induced  photovoltage  should  decrease  because  of 
reduction  in  the  junction  impedance.  However,  it 
is  found  that  photovoltages  become  high  when  leaky 
junctions  are  irradiated  by  the  chopped  PB.  The 
photovoltages  for  the  leaky  junctions  are  higher 
than  those  for  normal  junctions  not  only  in  the 
junction  areas  but  also  in  the  field  oxide  regions 
around  the  junctions.  This  indicates  that  dense 

positively  charged  traps  exist  at  the  interface 
between  the  boron-doped  Si  substrate  and  the  field 
oxide  layer  around  the  leaky  junction.  and  that 
the  traps  cause  the  increase  in  both  the  junction 
leakage  current  and  the  photovoltage. 

G18.32 

RIBBON-LIKE  DEFECTS  IN  HIGH-DOSE  OXYGEN  IMPLANTED 
SILICON-ON-INSULATOR  MATERIAL.  S.  Vixitsatnytraku)1.  J,  Barry-'*,  and 
S.  Krause1,  'Dept  Chemical,  Bio  and  Material  Engineering,  Arizona  State  University, 
Tempe,  AZ.;  ^Center  for  Solid  State  Science,  Arizona  State  University,  Tempo,  AZ. 

High-dose  oxygen  implantation  in  silicon,  SIMOX  (separation  by  implantation  of 
Oxygen),  is  a  leading  technique  for  producing  silicon-on-insulator  material.  The 
implantation  generates  defects  not  only  in  the  top  Si  layer,  but  also  in  the  Si  substrate 
beneath  the  buried  oxide  layer.  A  prominent  defect  found  in  the  substrate  is  of  a  ribbon¬ 
like  configuration.  Although  commonly  observed,  it  has  not  yet  been  investigated  in 
detail.  We  report  here  high  resolution  electron  microscopy  observations  that  lead  <o  a 
structural  identification  of  these  ribbon-like  defects. 

The  Si  (100)  wafers  were  implanted  by  a  recently  developed  high-current  (40  mA) 
implamer,  at  575°C,  at  180  keV  to  the  dose  of  2  x  1018  cm'2.  They  were  examined  from 
cross-section  samples  using  a  Philips  400T  at  120  keV  and  a  JEOL  200CX  at  200  keV 
for  high  resolution  images.  Numerous  ribbon-like  defects  were  observed  in  the  Si 
substrate,  of  a  density  of  101 1  cm'2  and  a  length  varying  in  between  10  to  40  nm. 

The  ribbon-like  defects  in  bulk  Si  were  assigned  to  layers  of  interstitial  atoms 
incorporated  in  between  (113)  or  (115)  habit  planes.  In  a  thin  precipitate  layer,  the 
interstitials  are  disordered.  However,  for  a  sufficient  thickness  the  interstitials  may  order 
into  a  crystalline  configuration  previously  assumed  to  be  hexagonal.  Our  observations  in 
SIMOX  show  that  two  crystalline  phases  are  present  in  the  defect.  The  interstitials  may 
either  preserve  the  cubic  diamond  structure,  or  they  may  induce  local  phase  transformation 
into  hexagonal  silicon.  The  observations  presented,  supported  by  an  image  simulation, 
actually  identify  the  presence  of  both  crystalline  structures  from  differences  in  contrast  as 
well  as  periodicity  of  the  images.  In  cubic  regions,  the  ( 1 1 1 )  lattice  fringes  of  the  defect 
appear  uniformly.  The  transformation  occurs  through  the  twin  operation  across  l  US) 
plates  which  intersect  (111)  planes  at  73°.  Even  if  the  cubic  structure  is  slightly  lilted, 
the  cross  [111)  lattice  fringes  will  appear  evenly  in  one  direction.  In  distinct  contrast,  in 
the  hexagonal  structure  a  slight  tilt  by  as  little  as  0.7°  from  the  exact  <01 1>  axis  will 
strongly  excite  the  kinematically  forbidden  spot  of  (001)),.  The  basal  plane  now  produces 
double-periodicity  images  along  the  c-axis  of  the  hexagonal  phase.  The  atomic  structure 
model  of  the  interface  in  both  regions  will  also  be  discussed. 

•  Present  address:  University  of  Queensland.  Electron  Microscope  Centre.  St.  Lucia. 
Brisbane,  Queensland  4067.  Australia. 

G18-33 

THE  ENHANCEMENT  OF  THE  INTERDIFFUSION-yJN  Si/Ge  AMORPHOUS 
MULTILAYERS  BY  ADDITIONS  OF  Au  AND  B.  Be  Park.  F.  Spaepen, 
Division  of  Applied  Sciences,  Harvard  University,  Cambridge, 
MA  02138;  J.M.  Poate,  D.C.  Jacobson,  ATST  Bell  Laboratories, 
600  Mountain  Avenue,  Murray  Hill,  NJ  07904. 

Amorphous  Oi/amorphous  Ge  artificial  multilayers  were 
prepared  by  ion  beam  sputtering.  Boron  or  gold  impurities 
were  introduced  into  the  Si-Ge  multilayers  by  ion 
implantation  or  during  the  sputter  deposition.  Diffusion 
coefficients  were  determined  by  measuring  the  decrease  in 
the  intensity  of  the  first  order  X-ray  diffraction  peak 
resulting  from  the  composition  modulation. 

It  was  found  that  the  interdiffusion  of  Si  and  Ge  in  their 
amorphous  phase  can  be  enhanced  by  doping  with  Au  or  B.  The 
enhancement  factor  in  these  experiments  is  independent  of 
the  degree  of  structural  relaxation  of  the  amorphous  phase, 
is  observed  by  the  decrease  of  the  diffusivity  with  time, 
which  can  be  explained  by  trapping  of  electrons  or  holes. 
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introduced  by  the  dopants,  by  pre-existing  neutral  dangling 
bonds  (structural  defects) . 


Work  at  Harvard  has  been  supported  by  the  National  Science 
Foundation  through  the  Materials  Research  Laboratory,  under 
contract  number  DMR-86-14003 . 

G18.34 

STRUCTURAL  TRANSITIONS  IN  TITANIUM/ 
AMORPHOUS-SILICON  MULTILAYER  THIN  FILMS 
L.A.  Clevenger1,  E.  Ma  and  C.V.  Thompson,  Department  of 
Materials  Science  and  Engineering,  Massachusetts  Institute  of 
Technology,  Cambridge,  MA  02139,  R.R.  dcAviilez, 
Departamento  de  Cicncia  dos  Materiais  e  Metalurgia,  Pontificia 
Universidade  Catolica,  22452-Rio  de  Janeriro,  RJ-Brazil  and  K.N. 
Tu,  I.B.M  T.J.  Watson  Research  Center,  Yorktown  Heights  NY. 
10598 

The  formation  and  growth  of  both  amorphous-titanium- 
silicide  and  crystalline  C49-TiSi2  in  titanium/amorphous-siiicon 
multilayer  thin  films  and  structural  transitions  that  occur  in  these 
phases  upon  heating  was  investigated  using  a  combination  of 
differential  scanning  calorimetry,  thin  film  X-ray  diffraction, 
Auger  depth  profiling,  and  cross-sectional  transmission  and 
scanning  transmission  electron  microscopy.  The  multilayer  films 
had  atomic  concentration  ratios  of  either  I  Ti  atom  to  2  Si  atoms, 

I  Ti  atom  to  I  Si  or  2  Ti  atoms  to  1  Si  atom  and  modulation 
periods  ranging  from  10  to  100  nm.  In  the  as-deposited  condition, 
a  thin  amorphous-titanium-silicide  layer  was  found  to  exist 
between  the  titanium  and  silicon  layers.  Heating  the  multilayer 
film  caused  the  amorphous-silicidc  to  grow  by  ap  exothermic 
reaction  at  low  temperatures  and  to  undergo  an  endothermic 
structural  relaxation  at  high  temperatures  which  was  related  to  a 
dcnsification  and/or  compositional  homogenization  in  the 
amorphous  phase.  Heating  to  temperatures  over  approximately 
800  K  caused  C49-TiSi2  to  form  at  the  amorphous-titanium- 
silicide  amorphous-silicon^intcrfacc  with  an  activation  energy  of 
3.1 10. 1  cV.  The  temperatures  for  the  completion  of  the  growth  of 
the  amorphous-titanium-silicide,  endothermic  structural  relaxation 
in  the  amorphous-titanium-silicide  and  for  the  formation  of  C49- 
TiSb  were  found  to  decrease  with  decreasing  modulation  period. 
ThisAvns  interpreted  to  be  due  to  the  shorter  diffusion  distances  in 
smaller  modulation  period  films. 

I  Present  address:  I.B.M.  T.J.  Watson  Research  Center, 

Yorktown  Heights.  NY  10598 

G18.35 

INTERFACIAL  REACTION  BETWEEN  Ni/Ge  BILAYER  AND 
SILICON  (100)  SUBSTRATE.  JIAN  LI.  Q.Z.Hong  AND 
J.w.itAYER,  Department  of  Materials  Science  and 
Engineering,  Cornell  University,  Ithaca,  NY 
14853.  USA. 

The  sequential  formation  and  dissociation  of 
i nte r me ta 1 1 ic  compounds  in  the  Ni/Ge/Si ( 100 ) 
system  have  been  studied  by  using  Rutherford 
back  sea t te r ing  spectroscopy.  Auger  depth 
p ro f i 1 i ng , and  X-ray  diffraction.  Layer  structures 
of  NiGe/Ni S i /S i ( 1 00 )  were  formed  after  thermal 
annealing  at  350°C.  Upon  annealing  from  350°C  to 
1 2 5r C  ,  the  NiGe  phase  dissociated,  providing  more 
free  Ni  atoms  for  the  further  growth  of  NiSi 
phase  at  the  nickel  germanide/Si ( 100 )  interface. 

The  NiSi  phase  grows  with  a  (time)1/J  dependence 
and  with  an  activation  energy  of  2.1  eV .  The 
dissociation  of  NiGe  led  to  an  extensive 
i ed i s t r i bu t i on  of  Ge  and  Ni  with  a  configuration 
of  Ge,  ,  Ni ,  , Si , , /NiSi/Si ( 100 )  and  this  layer 
structure  remained  stable  until  580°.  After 
annealing  at  temperatures  between  680°C  and 
720°C,  homogenization  of  Ge  in  the  film  occurred. 
Further  phase  identification  is  in  progress  to 
clarify  whether  high  temperature  annealing  can 
induce  a  ternary  phase  or  a  mixture  of  NiSi  and 
3i-Ge  solid  solutions  in  this  system. 


G18.36 

POSITRON  ANNIHILATION  IN  DIAMONDS. 

U.  Karfnnkel.  M.C.  Stemmet,  S.H.  Connell,  J.P.F.  Selischop, 
University  of  the  Witwatersrand,  P  0  Wits  2050, 
Johannesburg,  South  Africa;  and  M.  Moussavi-Madani, 
Department  of  Physics,  University  of  Bophuthatswana, 
Mafikeng,  Bophuthatswana. 

Positron  annihilation  using  Doppler  broadening  was  applied  to 
natural  and  artificial  diamonds.  The  line-shape  parameter  F 
was  determined  as  function  of  the  annealing  temperature 
between  room  temperature  and  700°C.  While  certain  of  the 
measured  overall  characteristics  of  F  vs.  temperature  such  as 
the  prevacancy  region  and  the  fast  rising  at  about  500  to 
600°C  are  qualitatively  similar  for  the  various  types  of 
diamond,  other  properties  depend  in  a  very  specific  way  on  the 
type  of  diamond  probed.  Thus  in  natural  type  Ha  diamond 
(which  is  known  to  be  relatively  pure)  the  method  shows  with 
extreme  sensitivity  some  details  depending  on  the  diffusion  of 
interstitials  in  the  diamond  and  their  interaction  with 
vacancies,  and  at  some  higher  temperature  the  migration  of 
vacancies  and  the  rapid  formation  of  vacancy  based  centres  by 
solid  state  reactions.  On  the  other  hand,  some  of  these  finer 
details  are  missing  in  the  artificial  diamond,  while  other  novel 
structural  characteristics  are  found,  which  are  interpreted  as 
being  due  to  the  submicroscopic  metal  inclusions  that  are 
present  in  the  artificial  diamond.  It  is  suggested  to  utilise 
these  type  of  novel  phenomena  for  the  probing  of  similar 
composite  systems. 

G18.37 

STRUCTURAL  AND  ELECTRONIC  PROPERTIES  OF  SUBSTITUTIONAL 
DEFECTS  IN  DIAMOND."  Koblar  A.  Jackson*  and  Mark.  R. 
Pederson,  Complex  Syscems  Theory  Branch,  Naval  Research 
Laboratory,  Washington  D.C.  20375-5000,  and  Joseph  G. 
Harrison,  University  of  Alabama-Birmingham,  Birmingham, 
Alabama  35294. 

We  have  performed  first-principles  quantum  mechanical 
calculations  to  determine  the  structural  and  electronic 
properties  of  the  nitrogen  and  phosphorous 
substitutional  impurities  in  diamond.  The  calculations 
are  performed  within  a  local  basis  framework,  using  the 
Local  Density  Approximation  (LDA).  We  study  impurity 
properties  by  performing  parallel  calculations  on 
hydrogen  terminated  finite  clusters  of  carbon  atoms, 
replacing  the  central  carbon  atom  with  an  impurity  atom 
in  the  defect  clusters.  We  find  defect-related  deep 
levels  in  the  host  gap  in  both  the  nitrogen  and 
phosphorous  impurity  systems,  at  0.82  and  1.16eV  below 
the  conduction  band,  respectively.  From  total  energy 
studies  on  CjH^-based  clusters,  we  find  the  on-site 
diamond  lattice  position  to  be  stable  for  both  the 
nitrogen  and  phosphorous  impurities  in  the  ground  state; 
evidence  from  these  calculations  suggests,  however,  that 
low-lying  excited  states  have  a  stable  off-center 
position.  We  will  discuss  the  question  of  lattice 
relaxation  in  these  systems,  and  the  effect  relaxation 
has  on  impurity  properties,  and  address  the  cluster-size 
dependence  of  our  results. 

"Supported  in  part  by  SDIO/IST  contract  N00014-89-WX- 
2C023. 

*NRC-NRL  Research  Associate 
G18.38 

SURFACE  AND  BULK  PROPERTIES  WHICH  INFLUENCE  ION-BEAM 
HYDROCENATION  OF  SILICON.*  Robert  A.  Anderson  and  CarlaCon 
H.  Saagar,  Sandla  National  Laboratories,  Albuquerque,  NM. 

Ue  are  studying  hydrogen  morion  and  bonding  in  silicon  by 
means  of  rapid  1  Khz  capacicancs -voltage  profiling  of 
Schottky  barriers.  Our  rssults  display  the  time  evolution 
of  dopant  peeslvation  when  low-energy  H  ions  ere  implanted 
directly  into  the  silicon  through  the  front-electrode 
metallization.  Theee  data  ara  compared  with  numerical 
tranaport  simulation*  in  ordsr  to  dataraina  th#  charg* 
scata,  dlffualvlty,  and  trapping  paraaatara  appropriate  to 
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cha  hydrogenation  process  In  p  and  n-cype  material.  The 
analysis  is  complicated  by  the  dual  importance  of  boundary 
conditions  which  establish  the  surface  hydrogen 
concentration  and  bulk  processes  which  deplete  the  hydrogen 
as  it  moves  through  the  lattice.  Ue  assume  that  the  metal- 
silicon  interface  is  a  perfect  sink  for  hydrogen  which 
diffuses  back  to  the  surface  from  the  H- implantation  depth. 
Accordingly,  a  nearly  time  independent  concentration  is 
established  within  a  second  at  the  implantation  range,  which 
supplies  hydrogen  to  Che  bulk.  Our  data  indicate  that  some 
of  Che  mobile  hydrogen  is  in  a  positively  charged  state. 

The  application  of  a  bias  voltage  therefore  influences  not 
only  Che  transport  of  hydrogen  within  the  lattice,  but  also 
the  fraction  of  lmplanced  hydrogen  which  escapes  Co  the 
surface.  Furthermore,  the  data  suggest  that  other  trapping 
evencs,  in  addition  to  reactions  with  unpasslvated  shallow 
donor  or  acceptor  levels,  must  be  considered  in  Che 
analysis . 

♦This  work  was  performed  ac  Sandla  National  Laboratories, 
supported  by  the  U.  S.  Department  of  Energy  under  Contract 
No.  DE-AC04-76DP00789. 

G18.39 

ELECTRONIC  AND  VIBRATIONAL  PROPERTIES  OF  GROUP  V 
DONOR-HYDROGEN  COMPLEXES  IN  CRYSTALLINE  SILICON. 

L . V . C .  Assali,  E.C.F.  da  Silva,  and  J.R.  Leite  , 
Institute)  de  Fisica  da  Universidade  de  SAo  Paulcv 
CP  20516,  01498  S3o  Paulo,  SP,  Brazil. 

The  fact  that  H  can  passivate  the  electrical  ac¬ 
tivity  of  p-type  and  n-type  Si  has  attracted  a 
great  deal  of  attention  in  the  last  years.  Con¬ 
trary  to  the  passivation  of  group  III  acceptors, 
which  has  been  studied  extensively,  the  passiv¬ 
ation  of  group  v  donors  is  not  very  well  inves¬ 
tigated.  It  seems  to  be  currently  accepted  that 
the  passivation  effects  are  consequence  of  pair 
formations  where  the  H  atom  is  attached  to  one  of 
the  donor's  Si  nearest  neighbors  in  an  antibond¬ 
ing  position  along  the  (111)  axis.  Although  this 
microscopic  structure  has  been  confirmed  for  the 
P-H  complex  in  Si  by  the  application  of  an  ab 
initio  pseudopotential  method,  the  calculated  H- 
stretch  vibrational  frequency,  400cm”1,  is  in 
clear  contrast  with  the  measured  value,  1555.2cm"! 

In  this  work  the  electronic  structure  and  the  vi¬ 
brational  properties  of  the  group  V  donor-H  pair 
complexes  in  Si  are  investigated.  The  calculations 
discussed  here  for  the  pair  electronic  states 
were  carried  out  within  the  framework  of  the  mul¬ 
ti  ple-scatter  i  ng  Xa  molecular  cluster  model.  The 
Green ' s- funct ion  technique  and  a  valence-  force 
field  Hamiltonian  have  been  adopted  to  obtain  the 
vibrational  energies  of  the  pairs. 

G18.40  ABSTRACT  NOT  AVAILABLE 
G18.41 

SURFACE  PROTECTION  DURING  PLASMA  HYDROGENATION  FOR 
ACCEPTOR  PASSIVATION  IN  InP.  J.  Lopata.  W.  C.  Dautremont-Smith, 
S.  J.  Peanon.  J.  W  Lee.  N.  T.  Ha,  and  H.  S.  Luftman,  AT&T  Bell 
Laboratories,  Murray  Hill.  NJ  07974. 

Various  dielectric  and  metallic  films  were  examined  as  H-permeable  surface 
protection  layers  on  InP  substrates  during  Hj  or  Dj  plasma  exposure  for 
passivation  of  acceptors  in  the  InP.  Plasma  deposited  SiW,,  SiOj,  and  a-Si 
films  ranging  in  thickness  from  85  to  225  A  were  used  to  protect  p-lnP  during 
02  plasma  exposure  at  250  C.  Optimum  protective  layer  thicknesses  were 
determined  by  a  trade-off  between  the  effectiveness  of  the  layer  to  prevent  P 
loss  from  the  wafer  surface  and  the  ability  to  diffuse  atomic  H  or  D  at  a  rate 
greater  than  or  equal  to  that  in  the  underlying  InP.  SIMS  and  capacitance- 
voltage  depth  profiling  were  used  to  determine  the  extent  of  D  in -diffusion  and 
acceptor  passivation  respectively.  Sputter  deposited  W  and  e-beam  evaporated 
Ti  films  -100  A  thick  were  also  evaluated  as  surface  protection  layers  for  InP. 


The  W  coated  sample  yielded  similar  results  to  those  with  dielectric  films  in 
that  acceptors  in  p-lriP  were  passivated  to  a  similar  depth  for  the  same  plasma 
exposure.  The  100  A  Ti  film,  however,  did  not  allow  the  D  to  diffuse  into  the 
InP  substrate.  It  is  surmised  that  the  Ti  film  trapped  the  D,  thus  preventing 
diffusion  into  the  substrate. 

G18.42 

INTERDIFFUSION  MEASUREMENTS  IN  SiGe/Si 
STRAINED  LAYER  SUPERLATTICES.  S.M.  Prokes.  M. 
Fatemi,  U.S.  Naval  Research  Laboratory, 
Washington  D.C.,  20375;  and  K.  Wang, 

University  of  California,  Los  Angeles,  CA 
90024. 


Interdiffusion  measurements  in  Si1.,Gei/Si 
strained-layer  systems  have  been  obtained  from 
X-ray  diffraction  measurements.  Mixing  of  the 
superlattices  has  been  monitored  using  X-ray 
powder  diffractometry,  double  crystal  X-ray 
diffraction,  and  XTEM,  when  applicable.  In 
the  powder  diffractometer  method,  both  "small- 
angle"  and  "high-angle"  superlattice  peaks 
were  monitored  allowing  comparisons  of  thermal 
mixing  in  the  near-surface  layers  versus 
mixing  of  the  complete  superlattice. 
Measurements  have  been  made  at  annealing 
temperatures  as  low  as  550*C,  and  noticeable 
differences  in  the  X-ray  spectra  have  been 
seen.  Results  indicate  that  these  changes  do 
not  stem  from  dislocation  formation  or 
propagation,  and  they  must  be  considered  when 
interpreting  diffusion  data. 

G18.43 

ELECTRONIC  STRUCTURE  OF  AN  ISOELECTRONIC 
CENTER  IN  SULPHUR-DOPED  SILICON  STUDIED  BY 
OPTICAL  DETECTION  OF  MAGNETIC  RESONANCE.  W.M. 
Chen.  A.  Henry,  B.  Monemar,  Department  of  Physics  and 
Measurement  Technology,  LinkOping  University,  S-581  S3 
Linkbping,  Sweden;  and  M.L.W.  Thewalt,  Department  of 
Physics,  Simon  Fraser  University,  Burnaby,  B.C.,  Canada 
VS  A  1S6. 

We  report  an  investigation  on  the  electronic  structure  of  an 
isoelectronic  center  in  S-doped  Si,  by  optical  detection  of 
magnetic  resonance  (ODMR).  A  spin-triplet  (S=l)  has  been 
identified  to  be  the  lowest  electronic  excited  state  of  the  defect, 
giving  rise  to  deep  pho'oluminescence  (PL)  emissions  (Sa  at 
968.24  meV  and  Sb  at  811.96  meV)  [1]  when  it  decays  to  the 
diamagnetic  (S=0)  crystal  ground  state.  This  is  in  full 
agreement  with  recent  Zeeman  measurements  [2],  A  small 
zero-field  splitting  of  the  spin-triplet  as  well  as  a  weak 
anisotropy  of  the  magnetic  interaction  of  the  defect  (not  pos¬ 
sible  to  resolve  in  Zeeman  data)  has  been  revealed,  which 
leads  directly  to  the  determination  of  the  symmetry  for  the 
defect.  A  S-related  complex  model  is  suggested  as  the  identity 
of  the  defect.  A  critical  test  of  two  possible  metastable  con¬ 
figurations  of  the  constituents  of  a  single  defect  is 
undertaken.  This  work  provides  the  first  case  where  ODMR  of 
an  electronic  state  can  be  observed  directly  from  its  radiative 
transitions  in  Si. 

[1]  M.L.W.  Thewalt,  M.  Nissen,  D.J.S.  Beckett  and  S. 
Charbonneau,  in  Proc.  the  3rd  Int.  Conf.  on  Shallow 
Impurities  in  Semiconductors.  Ed.  by  B.  Monemar  (Inst,  of 
Phys.  Conf.  Series  Vol.  95,  Bristol,  1989)  p.  505. 

[2]  M.  Singh,  E.C.  Lightowlers  and  G.  Davies,  Proc.  E-MRS 
1989  Spring  Meeting,  May  30-June  2,  Strasbourg,  France. 
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G18.44 

AN  ELECTRON  PARAMAGNETIC  RESONANCE  INVESTIGATION  OF 
IRON  INDIUM  PAIRS  IN  SILICON.  W.  Gehlholf,  Academy  of  Sciences  of 
the  GDR,  Centre  for  Scientific  Instruments,  Rudower  Chaussee  6,  Berlin 
1199,  GDR;  and  P.  Emanuelsson.  P.  Omling  and  H.  G.  Grimmeiss,  Department 
of  Solid  State  Physics,  University  of  Lund,  Box  118,  S-221  00  Lund,  Sweden. 


Silicon  crystals  co-doped  with  iron  and  indium  were  investigated  by 
Electron  Paramagnetic  Resonance  (EPR).  Three  different  EPR  signals 
originating  from  iron-indium  pairs,  two  with  orthorhombic  symmetry  and 
one  with  trigonal  symmetry,  were  found.  The  chemical  identity  of  the 
EPR-centres  were  determined  from  the  hyperfine  splitting  caused  by  **2In, 
^®In  and,  in  isotope  doped  samples,  by  ^Fe.  The  trigonal**  and  one  of  the 
orthorhombic2*  signals  are  reported  before.  This  "old"  orthorhombic  signal 
shows  to  be,  in  contrary  to  what  was  originally  concluded2*,  an  excited  state 
and  the  new  orthorhombic  signal  is  found  to  be  the  corresponding  ground 
state.  The  three  spectra  will  be  analyzed  in  detail  and  the  effective 
g-values  will  be  explained  using  crystal  field  theory.  Finally,  the 
zero-field  splitting  between  the  two  orthorhombic  states  will  be  estimated 
from  the  temperature  dependence  of  the  two  signals. 


1 )  P.  Omling,  P.  Emanuelsson,  W.  Gehlhoff  and  H.  G.  Grimmeiss,  Solid 
State  Communications  7Q,  (1989). 

2)  G.  W.  Ludwig  and  H.  H.  Woodbury,  Solid  State  Physics  13/  223  (1962). 
GX8.45 

THE  VERY  EARLY  STAGES  OF  INITIAL 
OXIDATION  OF  SILICON  (111)  IN  ATOMIC  OXYGEN* , 
Bhola  N.  Oe.  Jane  E.  Peterkin,  Jane  Hruska,  Tong 
Zhao,  N.J.  I anno  and  John  A.  Woollam,  Center  for 
Microelectronics  and  Optical  Materials  Research, 
and  The  Department  of  Electrical  Engineering, 

U.  of  Nebraska,  Lincoln,  NE  68588-0511 


According  to  the  recently  proposed  model 
of  Muraly  and  Murarka  (1986),  the  very  early 
stages  of  initial  oxidation  of  silicon  involves 
the  diffusion  of  oxygen  through  a  very  thin 
barrier  of  silicon  oxide  into  a  volume  of  silicon 
near  the  oxide-silicon  interface  when  the 
oxidation  is  relatively  faster  than  at  the  later 
stages  (when  the  oxidation  is  confined  only  at  the 
interface  and  hence  much  slower).  Using  monolayer 
sensitive  Variable  Angle  Spectroscopic 
Ellipsometry  (VASE),  we  have  examined  the  validity 
of  this  model  for  early  oxidation  by  "ashing" 

S i  ( 111)  in  atomic  oxygen  in  a  pure  oxygen  plasma 
asher.  The  data  shows  that  the  initial  oxide 
growth  on  Si  can  be  divided  into  two  linear 
regions  and  at  later  stages  it  becomes  parabolic 
as  a  function  of  time.  These  results  are  in 
agreement  with  the  predictions  of  the  theory. 
•Research  supported  by  NASA  Grant  nag-3-95. 

G18.46 

HYDROGEN  PASSIVATION  STUDIES  IN  DISLOCATED  CZ  AND  FZ 
SILICON  Cj_  Dube,  J.P.  Kalejs  and  S.  Rajendran  Mobil 
Solar  Energy  Corporation,  4  Suburban  Park  Drive, 
Billerica,  MA  01821 

Hydrogen  passivation  using  a  Kaufmann  ion  source  has  been 
carried  out  on  Cz  and  Fz  silicon  dislocated  by  four  point 
bending  In  the  temperature  range  from  800-1000  C.  The 
lifetime  improvement  after  passivation  Is  examined  as  a 
function  of  dislocation  density  up  to  about  lxlO'/cm2 
using  the  EBIC  technique  applied  to  the  sample  cross 


section.  Minority  carrier  diffusion  lengths  in  this 
material  are  degraded  to  10-20  microns  both  as  a  result  of 
the  thermal  treatment  accompanying  the  stress  application 
and  by  the  dislocations.  Differences  in  the  degradation 
are  not  observed  as  a  function  of  the  oxygen  content  of 
the  silicon.  Hydrogen  passivation  for  2  minutes  at  400  C 
produces  an  increase  in  the  diffusion  length  of  5-10 
microns  that  is  small  compared  to  that  observed  in  silicon 
grovn  by  the  Edge-defined  Film-fed  Grovth  (EFG)  technique 
(1)  with  comparable  levels  of  dislocations  and  pre¬ 
passivation  diffusion  lengths.  However,  the  penetration 
depth  of  the  passivation  front  through  the  wafer  thickness 
is  not  observed  to  be  dependent  on  the  dislocation  density 
and  the  passivation  appears  to  extend  through  the  entire 
wafer  thickness  of  400  microns  in  all  cases.  This  is  very 
different  from  the  case  of  the  EFG  material,  for  which  the 
penetration  depth  in  highly  dislocated  regions  is  of  the 
order  of  100-150  microns  under  comparable  passivation 
temperatures  and  times.  A  model  for  hydrogen  diffusion  and 
trapping  is  applied  to  the  study  of  the  differences 
observed  between  these  materials,  and  the  model  results 
are  used  to  argue  that  these  differences  are  not  produced 
by  hydrogen  transport  effects  in  the  bulk. 

*C.  Dube  &  J.  Hanoka,  Appl.  Phys.  Lett.  45,  1135  (1984). 

G18.47 

ENHANCEMENT  OF  OXYGEN  PRECIPITATION  IN  QUENCHED  CZ0CHRALSKI 
SILICON  CRYSTALS.  A.  Kara.  T.  Fukuda,  I.  Hirai  and 
A.  Ohsawa,  Fujitsu  Laboratories  Ltd.,  Kamikodanaka, 
Nakahara  -ku,  Kawasaki  211,  Japan. 

We  found  that  oxygen  precipitation  of  CZ-Si  crystals  can 
be  enhanced  by  rapid  cooling  from  solution  annealing 
temperature  (>1200°C).  Quenching  (1 700°C/min)  from  1290°C 
increases  oxygen  precipitation  at  700°C/360h  to  about 
5  times  that  of  slow  cooling  (8°C/min).  The  enhancement 
effects  of  quenched-silicon  disappeared  by  solution 
annealing  and  followed  slow  cooling.  We  found  that  oxygen 
precipitation  of  the  quenched  sample  is  not  influenced 
by  preannealing  at  temperatures  below  900°C,  and  decrease 
at  temperatures  above  900°C.  Preannealing  is  carried  out 
before  precipitation  annealing  at  700°C/20h  +  1000°C/10h. 

Quenching  from  high  temperatures  introduces  defects, 
which  increase  oxygen  precipitation  and  disappear  by 
solution  annealing  and  followed  slow  cooling.  We  estimate 
that  the  defects  could  be  aggregation  of  intrinsic  point 
defects  because  the  aggregation  may  enhance  oxygen 
precipitation  and  i3  stable  to  above  900°C.  The  defects 
are  not  vacancies,  self-interstitials  or  simple  complexes 
such  as  A-centers  and  divacancies,  because  they  are  not 
stable  to  900°C.  The  defects  are  neither  impurities  such  as 
metal  impurities  and  carbon  nor  small  oxygen  precipitate 
so  called  embryos,  because  fewer  impurities  and  embryos  are 
introduced  by  quenching  than  by  slow  cooling. 

The  oxygen  precipitation  was  able  to  be  controlled 
according  to  initial  oxygen  concentration  by  introducing 
the  quenching  process  before  precipitation  annealing.  Thus 
we  can  overcome  the  problem  of  thermal  history  in  the 
intrinsic  gettering. 

G18.48 

DIVACANCY  TRANSFORMATIONS  IN  ELECTRON-IRRADIATED 
SILICON.  J  ■  H .  Robison*  and  A.  E.  Jaworowski, 
Physics  Department,  Wright  State  University, 
Dayton,  OH;  ‘Present  address:  Anser,  Division 
SDTD,  1215  Jefferson  Davis  Highway,  Arlington, 
VA. 

Real-time  electric  field  drift  measurements, 
capacitance-voltage  profiling  and  deep-level 
transient  spectroscopy  have  been  used  to 
observe  interactions  of  hydrogen  with  divacancy 
in  2-MeV  electron-irradiated  silicon  samples. 
We  found  that  in  the  presence  of  mobile  hydrogen 
the  divacancy  existed  in  two  distinct  states. 
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H1  and  H 2,  which  occurred  near  the  temperature 
where  previously  the  divacancy  was  observed. 

The  correlation  between  the  "free'1  hydrogen 
concentration  and  the  H1  and  H-  levels  has 
been  examined  in  the  reverse  Dias  annealed 
samples.  The  production  of  H1  level  is  favored 
at  depth  which  have  a  higher  concentration 
of  hydrogen.  The  sum  of  the  two  concentrations 
remaining  constant  throughout  the  sample, 
supports  the  assumption  that  the  and  H2 

are  different  states  of  the  same  defect,  namely 
the  di vacancy. 

G18.49 

DETERMINATION  Or  3 - 0  I  M E N S 1 0 N A l  DEFECT 
STRUCTURES  IN  GALLIUM  ARSENIDE  EMLAYERS  ON 
SILICON  U3IN0  WHITE  BEAM  SYNCHROTRON  RADIATION 
TOPOOfl A FH Y  IN.  BOTH  TRAN-DM-I33I0N  OEOMETRY'  A'NT 
flRAIINO  BRACC  LAUE  GEOMETRY.  H.  Dudley.  4.  Wu 
and  O.-D.  Yao,  Dept.  of  Materials  Solano*  and 
Engineering,  SUNY  ay  Stony  Brook,  Stony  Brook 
NY;  H.-Y.  Liu  and  T.C.  Kao,  Notarial*  Bolenue 
Laboratory,  Tosas  Instruments ,  Dallas,  TX. 

Whit*  Dus  aynohrotron  topography  in  both 
transmiaaion  and  grating  Bragg-Leu*  geoaetrie* 
ha*  been  uaed  to  reveal  the  3-d  la* n a  1  a n a  1 
defavt  structure  in.  Jtbk- grown  GsAa  tpilayers  on 
Si.  Tn  the  grating  Brsgg-Laue  oese ,  aenipulstiun 
of  grnmrtry  enabled  depth'  'profiling " #f  d*f»ut 
structure*  in  both  epllayer  and  aubatrst*. 
Defects  observed  include  aubetrat*  threading 
dislooatlon* ,  interfaolal  dielooetion*  end 
epllayer  pisnsr  defoets.  Dlsloostl o rr  ■  Mvi » 
dlreotlon  end  Burgers  victor  analysis  was 
perforate.  Clear  oontlnulty  between  substrate 
threading  disiocationa  and  lnr.  irficlil 
d  1  ol  o e a  1 1  on s  was  •* L.ibl  1  ohad.-  -Ov  er all  ■  a e  t  eut 
structure  I  Wore  then  oorrelated  witn  processing 
eonditloni. 

This  technique  afford*  *  rapid  and  non- 
deetruotive  way  of  quantltett vriy  oharaeterltlng 
processing  induoed  daaag*  in  suoh  systsraa. 

Reeesroh  Fuirded-  irr -jrrrt  '(fy-M/e  -N-3F-  -j-noe'r 
eentriee  I  DM  R  S50CRN8,  tnd  perforaec  on 
bseailn*  X-HC  *t  the  NSLS  unfair  id  funded  by 
DOE  under  oontract  *  DE-FC&2— 

G18.50 

DUFFUSION  OF  Au  IN  AMORPHOUS  Si  MEASURED  BY  THE  COMPOSITION 
MODULATION  TECHNIQUE.  F.  .  Nygrwn  a>  .  B.  Park,  and  F.  Spaepen, 
Division  of  Applied  Sciences,  Harvard  University,  Cambridge, 
MA  02138 


Compositionally  modulated  amorphous  Si/amorphous  Si <0.7  at. 
%  Au >  multilayers  with  a  repeat  length  of  46A  have  been 
fabricated  by  ion  bean  sputtering  system.  The  change,  with 
annealing  time,  in  the  intensity  of  the  first  X-ray 
diffraction  peak  resulting  from  the  composition  modulation 
is  used  to  determine  the  diffusion  coefficients  of  Au  in 
amorphous  Si.  Diffusion  lengths  scale  on  the  order  of  an 
interatomic  distance  can  be  measured.  The  dif fusivit ies 
over  the  temperature  range  200  to  260°C  have  an  Arrhenius- 
type  temperature  dependence  with  an  activation  enthalpy  of 
1.2  eV.  The  dif  fusivit  ies  are  in  agreement  with  the 
extrapolation  of  high  temperature  data  taken  by  RBS  in  ion- 
implanted  amorphous  Si,  and  are  smaller  than  those  in  the 
crystalline  Si. 


a)  Present  Address:  Department  of  Materials  of  Science  and 
Engineering,  The  Ohio  State  University,  Columbus  OH  43210 


G18.51 

HYDROGEN  DIFFUSION  AND  COMPLEX  FORMATION  IN  SILICON.  J.T. 
Borens tein,  Mobil  Solar  Energy  Corporation,  4  Suburban  Park 
Drive,  Billerica,  MA  01821;  D.  Tulchinski  and  J.V.  Corbett, 
Physics  Department,  SUNY  at  Albany,  Albany,  NY  12222. 

The  kinetics  of  hydrogen  diffusion  and  complex  formation  in 
crystalline  silicon  are  investigated  using  a  model  previously 
developed  to  explain  the  influence  of  dopant  type  and 
concentration  on  observed  deuterium  profiles  in  silicon.  The 
predictions  of  the  model  are  shown  to  be  in  close  agreement 
with  recent  SIMS  profiles  of  deuterated  FZ-Si  crystals.  The 
in-diffusion  process  is  dominated  by  trapping  at  impurity 
sites  and  by  the  formation  of  immobile  hydrogen  molecules. 
Charge  state  effects  are  shown  to  control  the  kinetics  of 
hydrogen-acceptor  and  hydrogen-donor  deactivated  complexes. 

Previous  studies  have  treated  the  surface  concentration  of 
hydrogen  and  the  capture  radii  of  hydrogen  at  complexes  as 
free  kinetic  parameters.  Ve  present  an  analytic  relationship 
between  the  diffusion  coefficient  0  of  neutral  hydrogen  and 
both  the  hydrogen  surface  concentration  and  the  capture  radius 
for  molecule  formation.  The  consequences  of  fixing  D  at  the 
known  high-temperature  value  for  the  diffusion  coefficient  in 
the  model  are  determined.  The  existence  of  this  analytic 
relation  reduces  the  number  of  free  parameters  in  the  kinetic 
model  and  leads  to  an  improved  understanding  of  hydrogen 
reactions  in  silicon. 

G19.1 

ELECTRON  SCATTERING  BY  NATIVE  DEFECTS  IN 
UNIFORMLY-  AND  MODULATION-DOPED  SEMICONDUCTOR 
STRUCTURES.  W.  Walukiawicz.  Center  for  Advanced  Materials, 
Materials  and  Chemical  Sciences  Division,  Lawrence  Berkeley 
Laboratory,  1  Cyclotron  Rd.,  Berkeley,  CA  94720 

The  effect  of  charged  native  defects  on  electron  mobility  of  a  3-D 
electron  gas  in  uniformly  doped  (UD)  thin  layers  and  a  2-D 
electron  gas  in  modulation  doped  heterostructures  (MDH)  is 
calculated.  The  concentrations  of  native  defects  are  found  using 
the  recently  proposed  model  of  amphoteric  native  defects.1 
According  to  the  model,  the  single  most  important  parameter 
controlling  the  defect  formation  is  the  location  of  the  Fermi  level 
measured  with  respect  to  an  internal  energy  reference,  Fermi 
level  stabilization  energy  (Efs)-  We  ,ind  ,hat  in  ,he  0330  of  UD  n- 
type  GaAs,  the  electron  concentration  saturates  at  high  doping 
levels.  The  saturation  results  from  increased  formation  of 
compensating  native  acceptors.  These  acceptors  act  as  efficient 
electron  scattering  centers  leading  to  an  abrupt  decrease  of 
electron  mobility  for  dopinr  'tvels  exceeding  1019  cm-3-  Based 
on  the  same  model  of  deiect  formation,  we  can  also  explain 
differences  between  electron  mobility  in  "normal”  and  "inverted" 
MDHs.  In  inverted  MDH,  the  undoped  GaAs  quantum  well  is 
grown  in  the  presence  of  free  electrons  which  facilitate  the 
formation  of  native  detects.  Scattering  by  those  defects  reduces 
the  2-D  electron  mobility.  In  normal  MDH.  the  undoped  GaAs 
layer  is  grown  prior  to  n-type  doped  AIGaAs,  therefore  no 
electrons  are  present  in  the  quantum  well  during  the  growth.  As 
a  consequence,  the  concentration  of  native  defects  is  much 
lower  and  electron  mobilities  much  higher  than  in  the  inverted 
MDH. 

Work  supported  by  US  DOE  under  Contract  No  DE-AC03-76SF00098 

[1]  W.  Walukiewicz,  Appl.  Phys.  Lett.  54,  2099  (1989). 

G19.2 

ACCEPTOR  DELTA-DOPING  IN  GaAs.  W,  S.  Hobson,  S.  ).  Peatton  and 
C.  R.  Abernathy,  AT&T  Bell  Laboratories,  600  Mountain  Ave,  Murray  Hill. 
NJ.  G.  Cabtniss,  Solecon  Laboratories,  San  lose,  CA. 

We  have  investigated  the  formation  and  diffusion  of  delta-doped  layers  in 
GaAs  employing  the  acceptors  Zn,  Cd,  and  C.  MOCVD  was  used  for  the 
growth  of  the  Zn  and  Cd  5-doped  layers  while  MOMBE  was  utilized  to 
achieve  C  5-doping.  The  narrowest  atomic  profiles  for  Zn  had  full  width  at 
half  maxims  of  60A  for  peak  Zn  concentrations  of  S  3  x  if.  '  an*’,  as 
measured  by  SIMS.  An  effective  diffusion  coefficient  of  S  7  x  1017  cm7/*  is 
estimated  for  a  growth  temperature  of  625*C,  baaed  on  multiple  Zn  5-doped 
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layers.  For  carton,  a  doping  spike  of  7  x  10l#cm"3  with  a  full  width  at  half 
maximum  of  30A,  as  measured  by  electrochemical  capacitance  voltage 
profiling,  was  achieved  and  represents  the  highest  doping  level  yet  reported  for 
planar  doping.  Diffusion  of  the  carbon  was  negligible  under  RTA  for  Ss  at 
900'C.  By  contrast,  it  was  difficult  to  achieve  doping  levels  iSx  1017  cm-3 
for  Cd  due  to  its  high  vapor  pressure. 

G19.3 

PRECIPITATION  PHENOMENA  ASSOCIATED  WITH  ULTRA- 
HIGH  Be  DOPING  OF  Gao.47Ino.33As  BY  MBE.  C.  M.  Cotell,  M.  B. 
Panish,  R.  A.  Hamm,  L.  C.  Hopkins,  and  J.  M.  Gibson,  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ  07974. 

Ultra-high  Be  doping  (SlxlO^cm-3)  of  Gao.47Ino.53As  has  a 
number  of  potentially  desirable  applications  including  use  in  high 
speed  heterostructure  bipolar  transistors.  In  this  paper,  we  report  the 
results  of  a  study  of  Be  doping  of  Gao.47Ino.53  As  as  a  function  of 
temperature  between  365  and  500'C.  The  Gao.47Ino.53  As  samples 
used  in  this  study  were  grown  by  gas  source  molecular  beam  epitaxy 
(GSMBE)  using  decomposed  ASH3  and  PH3  for  generation  of  AS2 
and  P2  beams  and  elemental  effusion  cells  for  the  Ga,  In  and  Be 
sources.  The  samples  were  characterized  by  TEM  and  SIMS  and  their 
electrical  properties  were  determined  by  Hall  measurements.  It  was 
found  that  for  each  growth  temperature  there  exists  a  maximum  hole 
concentration.  Increasing  the  Be  flux  above  that  which  produced  the 
maximum  hole  concentration  resulted  in  precipitation  and  the 
nucleation  of  dislocations  at  the  precipitates.  The  occurrence  of 
precipitation  may  be  related  to  the  rate  of  surface  diffusion  of  Be  and, 
therefore,  may  depend  upon  temperature.  The  nucleation  of 
dislocations  at  precipitate  sites  is  apparently  dependent  upon 
precipitate  size. 

G19.4 

characteristics  of  doping  and  diffusion  of  heavily  doped  n 
AND  P  TYPE  InP  AND  InGaAs  EPITAXIAL  LAYERS  GROWN  BY 
METALORGANIC  CHEMICAL  VAPOR  DEPOSITION.  C.J.  Pinzone  .  N.D. 
Genurd.  R.D.  Dupuis,  NT.  Ha  and  H.S.  Lufunan,  AT&T  Bell  Laboratories,  Murray 
Hill,  NJ 


Electronic  and  photonic  device  applications  of  the  InP/InGaAs  semiconductor  materials 
system  requiring  the  growth  of  epitaxial  material  doped  to  or  near  the  saturation  limn 
of  the  impurity  in  the  host  material  present  an  extreme  challenge  for  the  crystal 
grower.  To  produce  device  heterosiructurcs  with  aorupt  dopant  protiles,  preserve  the 
junction  during  subsequent  growth,  and  retain  a  high  degree  of  crystalline  perfection  it 
is  necessary  to  understand  the  limns  of  dopant  incorporation,  the  behavior  of  the 
impurity  in  the  material,  and  the  inlluence  of  adjacent  layers  on  the  dopant  distribution. 

N  and  p  type  doping  above  10”  has  been  achieved  in  InP  and  InGaAs  grown  by 
MOCVD.  Growth  condiuons  and  electrical  characten/auon  results  for  doping  near  the 
electrical  saturation  limit  will  be  presented. 

Homo  and  heterojunclions  of  InP  and  InGaAs  doped  at  various  levels  were  prepared  by 
MOCVD.  Secondary  Ion  Mass  Spectroscopy  (SIMS)  was  used  to  determine  the  degree 
of  dopant  diffusion  in  these  structures  and  the  role  of  the  doping  level  of  adjacent 
layers  in  enhancing  or  retarding  this  diffusion.  These  results,  and  techniques  for  control 
of  impurity  distributions  will  be  presented. 

G19.5 

EFFECTS  OF  Si  INCORPORATION  AND  ELECTRICAL  ACTIVATION  ON 
INTERSUBBAND  OPTICAL  ABSORPTION  IN  GiAS/AJCaAs  MULTIPLE  QUANTUM 
WELLS.  J.D.  Ralston,  H.  Ennen,  M.  Maier,  M.  Ramsteiaer,  E  Diicttler,  and  P.Koidl, 
Frauatofer-Insutul  fur  Aagewaadte  FestkbrperpaySik,  Eckerstrafie  4,  7800  Freiburg, 
West  Germany. 

In  the  past  5ve  yean,  several  groups  have  successfully  demonstrated  efficient  infra-red 
detection  at  3-12  am  based  on  mte.-subbartd  absorption  in  GaAs/AlGaAs  quantum  wells. 
Typical  structures  contain  GaAs  QW’s  doped  -«th  Si  to  a  level  on  the  otdet  of  I0is  cm'J 
Luiizing  SIMS  profiling,  Hall  measurements,  electronic  Raman  scaitenng,  and  mfra-red 
absorpooo,  we  will  present  t  detailed  study  of  the  effects  of  Si  dopani  behaviour  on 
imersutband  absorption  in  GtAs/AlGaAs  MQW's.  The  peak  wavelength  and  imegraied 
intensity  of  the  infra-red  absorption  are  found  to  be  strongly  dependent  upon  the 
incorporation  and  electrical  acuvauon  of  Si  in  doped  GaAs  Qw’s,  which  in  turn  are 
greatly  influenced  by  the  epitaxial  growth  condiuons. 

Six  samples  of  identical  design  were  grown  oa  undoped  GaAs  substrates  by  MBE.  Each 
sample  contained  a  10  penoo  MQW  region,  consisting  of  140  A  undoped  Al  ijGa  $gAi 
burner  layers  and  70  A  GaAs  QWs  doped  in  the  center  SO  A  with  Si  at  a  concentration 
of  2  x  IQ13  cm'4.  The  MQW  region  was  grown  at  a  different  substrate  temoerature  tor 
each  sample,  varying  between  510  and  6S0*C.  SIMS  profiling  clearly  reveals  that,  wun 


increasing  substrate  temperature,  the  Si  doping  profile  broadens  extensively  and  shifts 
towards  the  sample  surface.  This  behaviour  is  attributed  to  Si  segregation  on  tbe  growing 
surface,  and  leads  to  substantial  unintended  doping  of  the  AlCfaAs  barrier  layers.  This 
implies  that  the  actual  free  carrier  population  may  be  due  to  a  combination  of  intentional 
dornng  in  the  QW  and  unintentional  modulation  doping  from  the  barriers.  Tae  SIMS 
results  also  indicate  that,  although  extensive  Si  segregauon  appears  to  occur  tferoucl".  tne 
QW  interfaces  during  MBE  growth,  no  resolvable  Al-Ga  interdiffusion  between  the  weil 
and  bamer  layers  occurs. 

The  wavelength  at  which  the  maximum  intersubband  absorption  occurs  is  determined  bv 
a  coupling  of  the  bare  intersubband  transition  and  the  two-dimensional  fret  carrier 
plasma  in  the  QW.  The  resulting  depolarization  shift  of  the  infra-red  absorption  peak  as 
a  function  of  substrate  temperature,  has  been  determined  by  electronic  Raman  5cat1e.--.ne. 
providing  data  on  the  variations  in  free  earner  concentration  for  the  same  nominal  Si 
doping.  Free  carrier  concentrations  were  also  measured  directly  via  Hall  measurements. 
The  results  indicate  clearly  that  at  both  very  low  and  very  high  substrate  temperatures  the 
2-dimensional  electron  concentration  is  markedly  reduced  in  the  QWs.  This  behaviour  is 
tentatively  attributed,  at  low  growth  temperatures,  to  electron  capture  bv  deep  defects  in 
the  AiGaAs  bamer  layers.  At  high  growth  temperatures,  loss  of  tree  electrons  is 
attributed  to  degraded  activation  of,  or  incomplete  electron  transfer  from  Si  atoms 
incorporated  in  the  AiGaAs  barriers.  In  the  present  study,  a  substrate  temperature  of 
620h_  yielded  both  the  highest  free  earner  concentration  arid  the  largest  misstated  infra¬ 
red  absorption  intensity.  This  work  highlights  the  unponar.ee  of  thoroughly  characterized 
epitaxial  growth  in  optimizing  the  performance  of  intersubband  infra-red  detectors. 

G20.1 

IMPURITY-INDUCED  LAYER  DISORDERING:  CURRENT  UNDERSTANDING 
AND  AREAS  FOR  FUTURE  INVESTIGATION.  L.  J.  Guido  and  N. 
Holonyak,  Jr.,  University  of  Illinois,  Urbana,  IL 

The  study  of  impurity- induced  layer  disordering  (IILD)  has 
led  to  the  successful  application  of  heterolayer  inter¬ 
diffusion  to  the  fabrication  of  optoelectronic  devices. 
Ordinarily,  this  type  of  layer  interdiffusion  is  undesir¬ 
able  in  the  active  region  of  quantum  well  heterostructure 
(QWH)  devices  but  can  be  masked  (prevented)  and  be 
"turned-on"  where  desired.  The  acceptance  of  IILD  as  a 
device  fabrication  technology  has  occurred  because:  (I)  it 
provides  a  means  for  selective  bandgap,  refractive  index, 
and  conductivity-type  "engineering"  paral.el  to  the 
crystal  growth  plane,  (2)  it  employs  simple  integrated 
circuit-style  processing,  and  (3)  it  has  been  achieved  in 
many  III-V  semiconducting  compounds  using  a  variety  of 
agents  (e.g.,  shallow  impurities,  native  defects).  The 
purpose  of  this  work  is  threefold.  First  is  to  identify 
important  contributions  to  the  current  phenomenological 
understanding  of  IILD.  For  example,  the  determination  of 
the  temperature  and  impurity  concentration  dependence  of 
the  Al-Ga  interdiffusion  coefficient,  the  identification 
of  the  crystal  surface-ambient  interaction  and  the  Fermi- 
level  effect,  and  the  comparison  of  thermal  annealing- 
induced  and  impurity-dif fusion-induced  layer  dis¬ 
ordering.  Second  is  to  review  the  strengths  and  weakness¬ 
es  of  existing  IILD  models  in  consideration  of  the  above 
mentioned  experimental  data.  Third  is  to  present  perform¬ 
ance  data  for  Al ^Ga j _xAs-GaAs  QWH  devices  that  have  been 
fabricated  using  these  "IILD  concepts".  The  device 
results  are  encouraging,  but  suggest  that  higher  levels  of 
sophistication  will  require  a  more  complete  understanding 
and  further  development  of  IILD. 

G20.2 

BEHAVIOR  OF  DOPANT-RELATED  DEFECTS  IN  AiGaAs 
SUPERLATTICES.  N.D.  Theodore.  P  Mei*,  C.B.  Carter,  C. 
Palmstrom**,  S.A.  Schwarz**,  J.P.  Harbison**,  L.T.  Florez**, 
Department  of  Materials  Science  and  Engineering,  Bard  Hall.  Cornell 
University,  Ithaca,  NY  14853;  ‘Department  of  Electrical  Engineering, 
Mudd  Building,  Columbia  University,  NY  10027;  “Bell 
Communications  Research  Inc.,  331  Newman  Springs  Rd.,  Redbank,  NJ 
07751. 

The  presence  of  silicon  dopant  atoms  is  known  to  increase  the  diffusion  of 
Al  in  the  AlGaAs/GaAs  superlattice  system.  This  phenomenon  has  been 
used  in  the  past  to  induce  dopant-enhanced  mixing  of  AIGaAs/GaAs 
superlattices.  A  previous  study  characterized  the  mixing  behavior  of 
AiGaAs  superlattices  at  high  Si-doping  levels.1  Defects  such  as 
dislocation  loops  and  Si-rich  precipitates  were  found  to  form  in  the  highly 
doped  superlattices  upon  annealing.  The  presence  of  the  defects  was 
found  to  be  related  to  changes  in  mixing  behavior.  In  the  present  study, 
transmission  electron  microscopy  has  been  used  to  characterize  the 
defects.  Superlattices  with  varying  silicon  doping  levels  have  been 
annealed  at  different  temperatures  for  varying  time-periods,  to  observe  the 
temperature- time  behavior  of  the  dislocation-loops.  The  superlattice 
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geometry  has  been  varied  to  confirm  or  deny  the  tentative  observation  of  a 
preponderance  of  defects  in  GaAs  as  opposed  to  AlAs  in  the  superiatdce. 
These  results  will  be  presented.  The  vacancy /  interstitial  nature  of  the 
loops  will  also  be  discussed. 

I.  N.D.  Theodore,  C.B.  Carter,  P.  Mei,  S.A.  Schwarz,  T.  Venkatesan, 

J. P.  Harbison,  Proc.  Mat  Res.  Soc.  Symp.  1988  (in  press). 

G20.3 

INTERDIFFUSION  BEHAVIOR  OF  SYMETRICALLY  STRAINED 
GemS im  SUPERLATTICES.  P . M .  Adams  and  R.C.  Bowman, 
Jr.,  The  Aerospace  Corporation,  Los  Angeles,  CA; 
S.J.  Chang,  V.  Arbet,  and  K.L.  Vang,  University  of 
California,  Los  Angeles,  CA. 

X-ray  diffraction  and  Raman  scattering  have  been 
used  to  study  interface  mixing  between  the  Ge  and 
Si  layers  in  symmetrically  strained  Ge,„Sim  super- 
lattices  during  thermal  anneals.  The  superlattices 
had  been  grown  by  MBE  procedures  on  relaxed  Sigj- 
Geo,5  alloy  buffer  layers.  In  order  to  extract  the 
bulk  interdiffusion  coefficients  from  the  intensity 
changes  of  the  x-ray  satellites,  samples  with  nomi¬ 
nal  periodicities  between  l.Anm  and  5 . 6nm  have  been 
prepared.  Initial  analyses  of  the  temperature  de¬ 
pendences  of  these  satellites  yielded  an  activation 
energy  of  3.0ev  for  the  interdiffusion  coefficient. 
This  value  is  essentially  equivalent  to  that  previ¬ 
ously  obtained^  for  a  Ge/Si  superlattice  grown  on  a 
Geg  ^Sio.tp  alloy  buffer.  From  comparisons  with 
diffusion  parameters  for  crystalline  Si  and  Ge  it 
is  concluded  that  intermixing  in  these  Ge/Sl  super¬ 
lattices  are  dominated  by  the  diffusion  of  Si  atoms 
into  the  Ge  layers  via  a  vacancy  mechanism. 
Intermixing  also  produced  significant  changes  in 
the  Raman  spectra.  Namely,  the  intensity  of  the 
zone-fold  acoustic  peaks  deceased  while  the  optical 
mode  associated  with  the  Ge-Si  vibration  systemati¬ 
cally  increased  during  the  annealing.  In  addition, 
shifts  in  the  optic  mode  energies  that  can  be  at¬ 
tributed  to  alloy  formation  at  the  interfaces  were 
also  observed. 


G20.4 

DIFFUSION  MECHANISMS  IN  GaAs  AND  GaAs-BASED  LAYERED 
STRUCTURES.  U.  GOsele  and  T.  Y.  Tant,  School  of 
Engineering,  Duke  University,  Durham,  NC;  talso  at  the 
Microelectronics  Center  of  North  Carolina,  Research 
Triangle  Park,  NC. 

It  has  taken  more  than  twenty  years  to  demonstrate  that 
both  vacancies  and  self-interstitials  are  important  for 
understanding  the  mechanisms  of  self-  and  impurity 
diffusion  in  the  elemental  semiconductor  silicon. 
Similarly,  for  a  long  time  diffusion  processes  in  GaAs  and 
other  III- V  compounds  have  almost  exclusively  been 
discussed  in  terms  of  mechanisms  involving  vacancies. 
Only  in  the  last  couple  of  years  the  phenomenon  of 
impurity-diffusion-induced  disordering  of  GaAs-based 
superlattices  have  allowed  to  study  self-diffusion  processes 
much  more  closely  than  previously  possible  and  to  arrive 
at  detailed  conclusions  concerning  Ga  self-diffusion  and  a 
number  of  impurity  diffusion  mechanisms.  Under 
intrinsic  and  n-type  doping  conditions  Ga  self-diffusion  is 
dominated  by  a  mechanism  involving  triply  negatively 
charged  gallium  vacancies,  whereas  under  heavy  p-type 
doping  Ga  self-interstitiais  govern  Ga  self-diffusion. 

Concerning  impurity  diffusion  mechanisms  we  wilt  shortly 
discuss  silicon  diffusion  in  GaAs  and  then  concentrate  on 
Zn  and  Be  diffusion  both  of  which  appear  to  be  governed 
by  the  'kick-out'  mechanism.  We  will  specifically  deal  with 
the  different  diffusion  behavior  in  the  presence  or 
absence  of  an  outside  source  and  with  the  influence  of  zinc 
in-diffusion  on  the  diffusion  behavior  of  Be  or  Zn 
incorporated  in  a  buried  layer. 


1,  F.J.  Chang,  ecal.,  Appl.  Phys.  Lett.  5Jt_,  1235 
( 1989) 
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SESSION  Hi:  MICROCRY ST ALLINF  SILICON: 
GROWTH 

Chair:  C.  C.  Tsai 

Wednesday  Morning,  November  29 
Salon  J/K  (M) 

8:15  INTRODUCTORY  REMARKS 
8:30  *H1 . 1 

ROLE  OF  SURFACE  AND  GROWTH-ZONE  REACTIONS  IN 
THE  FORMATION  PROCESS  OF  nc-Si:H,  Akihisa 
Matsuda .  Electrotechnical  Laboratory,  Mater¬ 
ials  Science  Division,  Ibaraki,  Japan;  and 
Toshio  Goto,  Nagoya  University,  Electronics 
Department,  Nagoya,  Japan. 

9:00  HI .2 

OPTO-ELECTRONIC  PROPERTIES  OF  uc-Si  GROWN 
FROM  SiF4  and  H2  BY  PECVD,  Y.  Okada .  I.H. 
Campbell,  P.M.  Fauchet,  and  S.  Wagner, 
Princeton  University,  Department  of  Electri¬ 
cal  Engineering,  Princeton,  NJ. 

9:15  HI. 3 

SUBSTRATE  TEMPERATURE  DEPENDENCE  OF  THE 
RAMAN  SPECTRA  FOR  MICROCRYSTALLINE  SILICON 
FILMS  PRODUCED  BY  REACTIVE  MAGNETRON  SPUT¬ 
TERING,  C.Wang,  G.N.  Parsons,  E.C.  Buehler, 
G.  Lucovsky  and  R.J.  Nemanich,  North  Caro¬ 
lina  State  University,  Department  of  Physics 
and  Material  Science  and  Engineering, 
Raleigh,  NC. 

9:30  HI. 4 

PREPARATION  AND  CHARACTERIZATION  OF  HIGHLY 
CONDUCTIVE  (100  S/cm)  PHOSPHORUS  DOPED  uc- 
Si:H  FILMS  DEPOSITED  USING  THE  VHF-GD  TECH¬ 
NIQUE,  K.  Prasad.  F.  Finger,  H.  Curtins,  A. 
Shah,  Institut  of  Microtechnology,  Neuchat- 
el ,  Switzerland;  and  J.  Bauman,  University 
of  Konstanz,  Physics  Institut,  Konstanz, 
West  Germany. 

9:45  HI. 5 

COMPOSITION  DETERMINATION  OF  MICROCRYSTAL¬ 
LINE  TWO-PHASE  SILICON  RICH  OXIDES,  D. 
Bouldin,  C.H.  Lam,  IBM,  Essex  Junction,  VT; 
K.-T.  Chang  and  K.  Rose .  Rensselaer  Poly¬ 
technic  Institute,  Center  for  Integrated 
Electronics,  Troy,  NY. 

10:00  BREAK 

10:30  *H1,6 

CHEMISTRY  AND  SOLID  STATE  PHYSICS  OF  MICRO¬ 
CRYSTALLINE  SILICON,  Stan  Veprek .  Technical 
University  Munich,  Institute  for  Chemistry 
of  Information  Recording,  Munich,  West 
Germany. 


♦Invited  Paper 


11:00  HI ■ 7 

ELECTRONIC  AND  STRUCTURAL  PROPERTIES  OF  nc- 
Si :  H  FILMS  PREPARED  BY  RF  GLOW  DISCHARGE 
WITH  HYDROGEN  DILUTION,  S.  Aljishi,  Shu  Jin . 
M.  Stutzmann  and  L.  Ley;  Max-Planck-lnstitut 
fur  Festkorperf orschung ,  Stuttgart,  West 
Germany . 

11:15  HI. 8 

THE  FORMATION  OF  SILICON  CLUSTERS  IN 
P.E.C.V.D.  Si :0:H:F  ALLOYS,  A.G.  Dias  and  J. 
Figueiredo,  Centro  de  Fisica  Molecular  das 
Universidades  de  Lisboa,  Instituto  Nacional 
de  Investigacao  Cientifica,  Complexo  I 
(I.S.T.)  Lisboa,  Portugal. 

11:30  HI. 9 

PREPARATION  OF  CRYSTALLINE  Si  THIN  FILMS  BY 
SPONTANEOUS  CHEMICAL  DEPOSITION,  Tohru 
Komiya,  Akira  Kamo,  Hiroshi  Kujirai,  Tokyo 
Institute  of  Technology,  Imaging  Science  and 
Engineering  Laboratory,  Yokohama,  Japan; 
Isamu  Shimizu,  Tokyo  Institute  of  Tech¬ 
nology,  Imaging  Science  and  Engineering 
Laboratory  and  Graduate  School  at  Nagatsuta, 
Yokohama,  Japan;  and  Jun-ichi  Hanna.  Tokyo 
Institute  of  Technology,  Imaging  Science  and 
Engineering  Laboratory,  Yokohama,  Japan. 

11:45  HI. 10 

MICROCRYSTALLINE  SILICON  FILMS  PRODUCED  BY 
RF  MAGNETRON  SPUTTERING  AND  THE  EFFECT  OF 
DIFFERENT  AMBIENTS  ON  THEIR  CONDUCTIVITY, 
Ratnabali  Baneriee.  A.K.  Bandyopadhyay ,  S.N. 
Sharma,  A.K.  Batabyal,  and  A.K.  Barua, 
Indian  Association  for  the  Cultivation  of 
Science,  Energy  Research  Unit,  Calcutta, 
India. 

SESSION  H2  : _ SEMICONDUCTOR  COMPOUNDS; 

NANOCRYSTALS 
Chair:  P.M.  Fauchet 

Wednesday  Afternoon,  November  29 
Salon  J/K  (M) 

1:30  ♦H2.1 

LINEAR  AND  NONLINEAR  OPTICAL  PROPERTIES  OF 
QUANTUM  SEMICONDUCTOR  CRYSTALLITES,  Louis 
Brus .  AT&T  Bell  Laboratories,  Murray  Hill, 
NJ. 

2:00  H2.2 

ELECTRODEPOSITION  OF  3 -DIMENSIONAL  SIZE 
QUANTIZED  CdS  AND  CdSe  FILMS,  G.  Hodes  and 
T.  Engelhard,  The  Weizmann  Institute  of 
Science,  Department  of  Materials  Research, 
Rehovot,  Israel. 

2:15  H2.3 

STRUCTURAL  AND  ELECTRICAL  CHARACTERIZATION 
OF  CdSe  THIN  FILMS,  Miltiadis  K.  Hatalis, 
and  Fuvu  Lin.  Lehigh  University,  Department 
of  Electrical  Engineerig,  Bethlehem,  PA;  and 
Michael  R.  Westcott,  Litton  Systems  Canada 
Limited,  Rexdale,  Canada. 
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2:30  H2.4 

A  STUDY  OF  THE  PRESSURE-INDUCED  PHASE 
TRANSITION  IN  BULK  AND  NANOCRYSTALLINE  CdS, 
Xue-Shu  Zhao .  John  Schroeder,  P.D.  Persans, 
and  Enlian  Lu,  Rensselaer  Polytechnic  In¬ 
stitute,  Physics  Department,  Troy,  NY. 

2:45  H2.5 

TIME-RESOLVED  SPECTRA  OF  EDGE  EMISSION  OF 
CdSe  MESOSCOPIC  CLUSTERS  IN  Ge02  GLASS 

MATRIX,  Takao  Inokuma  .  Akinori  Tanaka, 
Toshihiro  Arai,  University  of  Tsukuba , 
Institute  of  Applied  Physics,  Ibaraki, 
Japan;  and  Mitsuru  Ishikawa,  Hamamatsu 
Photonics  K.K. ,  Tsukuba  Research  Laboratory, 
Ibaraki,  Japan. 

3:00  BREAK 

3:30  *H2 . 6 

OPTICAL  PROPERTIES  OF  I I -VI  SEMICONDUCTOR- 
DOPED  GLASS,  P.D.  Persans.  An  Tu,  T. 
Driscoll,  M.  Lewis,  and  R.  Redwing,  Rensse¬ 
laer  Polytechnic  Institute,  Physics  Depart¬ 
ment  and  Center  for  Integrated  Electronics , 
Troy,  NY. 

4:00  H2.7 

FABRICATION  AND  CHARACTERIZATION  STUDIES  OF 
SEMICONDUCTOR-IMPREGNATED  POROUS  VYCOR 
GLASS,  C.A.  Huber.  Massachusetts  Institute 
of  Technology,  Francis  Bitter  National 
Magnet  Laboratory,  Cambridge,  MA  and  Univer¬ 
sity  of  Puerto  Rico,  Department  of  Physics, 
Rio  Piedras,  Puerto  Rico;  T.E.  Huber,  Har¬ 
vard  University,  Department  of  Physics, 
Cambridge,  MA  and  University  of  Puerto  Rico, 
Department  of  Physics,  Rio  Piedras,  Puerto 
Rico;  A .  P .  Salzberg  and  J.A.  Perez, 
University  of  Puerto  Rico,  Department  of 
Physics,  Rio  Piedras,  Puerto  Rico. 

4:15  H2 . 8 

SYNTHESIS,  STRUCTURAL  AND  OPTICAL  CHARAC¬ 
TERIZATION  OF  SMALL  PARTICLE  III-V  SEMICON¬ 
DUCTOR  CLUSTERS  INCLUDED  IN  POROUS  HOSTS, 
James  E.  MacDougall,  Hellmut  Eckert,  William 
T.A.  Harrison,  Galen  D.  Stucky.  University 
of  California,  Santa  Barbara,  Department  of 
Chemistry,  Santa  Barbara,  CA;  Norman  Herron, 
Ying  Wang,  E.I.  duPont  de  Nemours  and  Co., 
Inc.,  Central  Research  and  Development 
Department,  Wilmington,  DE;  Karin  Moller  and 
Thomas  Bein,  University  of  New  Mexico, 
Department  of  Chemistry,  Albuquerque,  NM. 

4 : 30  H2.9 

THE  PREPARATION  OF  COLLOIDAL  III-V  SEMICON¬ 
DUCTORS  IN  AQUEOUS  SOLUTION,  Tobv  J. 
Cumberbatch  and  Michael  D.  Spencer,  Cam¬ 
bridge  University,  Engineering  Department, 
Cambridge,  United  Kingdom;  and  Andrew 
Putnis,  Cambridge  University,  Department  of 
Earth  Sciences,  Cambridge,  United  Kingdom. 


SESSION  H3 :  MICROCRYSTALLINE 
SILICON:  PROPERTIES 

Chair:  K.  Tanaka 

Thursday  Morning,  November  30 
Salon  J/K  (M) 

8:30  *H3 . 1 

THE  GROWTH  AND  STABILITY  OF  MICROCRYSTALLINE 
SILICON,  S.  Waaner  and  S.  Wolff,  Princeton 
University,  Department  of  Electrical  En¬ 
gineering,  Princeton,  NJ. 

9:00  H3.2 

MICROCRYSTAL  SILICON  FILMS  PREPARED  BY 
REMOTE  PLASMA  CVD,  Sung  Chul  Kim,  Jung  Tae 
Hwang,  Seung  Kyu  Lee,  Chang  Young  Jung,  Sung 
Moo  Soe,  Sung  Ok  Koh,  Kwan  Soo  Chung,  and 
Jin  Jana.  Kyung  Hee  University,  Department 
of  Physics  and  Electronics,  Seoul,  Korea. 

9:15  H3.3 

FRACTAL-LIKE  STRUCTURES  PRESENT  IN  HYDROGEN¬ 
ATED  AMORPHOUS  AND  MICROCRYSTALLINE  SILICON, 
R.C.  van  Oort.  J.C.  van  den  Heuvel  and  M.J. 
Geerts,  Delft  University  of  Technology, 
Faculty  of  Electrical  Engineering,  Delft, 
The  Netherlands. 

9:30 

ROLE  OF  HYDROGEN  IN  THE  PROCESS  OF  EXCIMER- 
LASER-INDUCED  CRYSTALLIZATION  OF  a-Si:H,  K*. 
Wi ner .  R.  Bachrach,  R.  Johnson,  S.  Ready,  G. 
Anderson  and  J.  Boyce,  Xerox  Palo  Alto 
Research  Center,  Palo  Alto,  CA. 

9:45  H3.5 

HYDROGEN  PASSIVATION  OF  UNDOPED  AND  DOPED 
4C-Si,  M.  Stutzmann.  C.P.  Herrero,  M.  Ingels 
and  A.  Breitschwerdt,  Max-Planck-Institut 
fur  Festkorperforschung,  Stuttgart,  West 
Germany. 

10:00  BREAK 

10:30  *H3 ■ 6 

CONTROL  OF  CHEMICAL  REACTIONS  FOR  GROWTH  OF 
c-Si  AT  LOW  SUBSTRATE  TEMPERATURE,  JU. 
Shimizu .  J.  Hanna,  and  H.  Shirai ,  Tokyo 
Institute  of  Technology,  Yokohama,  Japan. 

11:00  H3.7 

EFFECTS  OF  HYDROGEN  ATOMS  ON  PASSIVATION  AND 
GROWTH  OF  MICROCRYSTALLINE  Si,  Toshimichi 
I to .  Tatsuro  Yasumatsu  and  Akio  Hiraki , 
Osaka  University,  Department  of  Electrical 
Engineering,  Osaka,  Japan;  and  Hirokuni 
Watabe,  Matsushita  Electric  Industrial 
Company,  Limited,  Osaka,  Japan. 

11:15  H3.B 

A  DISCUSSION  OF  ELECTRONIC  OPTICAL  ABSORP¬ 
TION  SPECTRA  OF  NANOCRYSTALLINE  THIN  FILMS, 
E.  Bustarret.  Max-Planck-Institut  fur  Fest- 
k&rperforschung,  Stuttgart,  West  Germany; 
and  M.A.  Hachicha,  CNRS-LEPES,  Grenoble, 
France . 
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11:30  H3.9 

GROWTH  OF  MICROCRYSTALLINE  SILICON  IN  ULTRA- 
THIN  LAYERS,  Yeun-Juna  Wu .  P.D.  Persans, 
Rensselaer  Polytechnic  Institute,  Physics 
Department,  Troy,  NY;  B.  Abeles,  Exxon 
Research  and  Engineering  Company,  Annandale, 
NJ;  and  Shu-Lin  Wanq ,  University  of  Chicago, 
James  Franck  Institute,  Physics  Department, 
Chicago,  IL. 

11:45  H3.10 

PHOTOMODULATION  STUDY  OF  NANOCRYSTALLINE 
HYDROGENATED  SILICON,  L.  Chen.  J.  Tauc , 
Brown  University,  Providence,  RI;  and  Z. 
Vardeny,  University  of  Utah,  Salt  Lake  City, 
UT. 

SESSION  H4 :  OPTICAL  PROPERTIES 
Chair:  P.  Persans 

Thursday  Afternoon,  November  30 
Salon  J/K  (M) 

1:30  *H4 . 1 

PROPERTIES  OF  BINARY  Si:H  MATERIALS  PREPARED 
BY  HYDROGEN  PLASMA  SPUTTERING,  Shoii 
Furukawa  and  Tatsuro  Miyasato,  Kyushu  In¬ 
stitute  of  Technology,  Fukuoka-ken,  Japan. 

2:00  H4 .2 

CRITICAL  REVIEW  OF  RAMAN  SPECTROSCOPY  AS  A 
DIAGNOSTIC  TOOL  FOR  SEMICONDUCTOR  NANOCRYS¬ 
TALS,  P-M.  Fauchet.  Princeton  University, 
Department  of  Electrical  Engineering, 
Princeton,  NJ. 

2:15  H4.3 

RAMAN  SCATTERING  FROM  MICROCRYSTALLINE 
FILMS:  CONSIDERATIONS  OF  COMPOSITE  STRUC¬ 

TURES  WITH  DIFFERENT  OPTICAL  ABSORPTION 
PROPERTIES,  R.J.  Nemanich.  Y.M.  LeGrice, 
R.E.  Shroder,  North  Carolina  State  Univer¬ 
sity,  Department  of  Physics  and  Department 
of  Materials  Science  and  Engineering, 
Raleigh,  NC;  and  J.B.  Boyce,  Xerox  Palo  Alto 
Research  Center,  Palo  Alto,  CA. 

2:30  H4.4 

PHONON  STATES  IN  SiC  SMALL  PARTICLES, 
Sasaki .  C.  Horie,  Ishinomaki  Senshu  Univer¬ 
sity,  Basic  Science  Department,  Ishinomaki, 
Japan;  and  Y.  Nishina,  Tohoku  University, 
IMR  Department,  Sendai,  Japan. 

2:45  H4 . 5 

MODELLING  INTERBAND  OPTICAL  SPECTRA  OF 
MICROCRYSTALLINE  WIDE  BAND  GAP  SEMICONDUC¬ 
TORS  (V205,  AIN,  BN)  USING  THE  COHERENT 
POTENTIAL  APPROXIMATION,  Carolyn  Rubin  Alta. 
University  of  Wisconsin-Milwaukee,  Materials 
Department  and  the  Laboratory  for  Surface 
Studies,  Milwaukee,  WI. 


3:00  H4.6 

NONLINEAR  OPTICAL  PROPERTIES  OF  STRUCTURED 
NANOPARTICLE  COMPOSITES,  Mever  H.  Birnboim. 
Wei  Ping  Ma,  and  Guang  Mei ,  Rensselaer 
Polytechnic  Institute,  Department  of  Mechan¬ 
ical  Engineering,  Troy,  NY. 

SESSION  H5 :  SILICON  ALLOYS 
Chair:  I.  Shimizu 
Thursday  Afternoon,  November  30 
Salon  J/K  (M) 

3:45  *H5 . 1 

OPTOELECTRONIC  AND  PHOTOVOLTAIC  APPLICA¬ 
TIONS  OF  MICROCRYSTALLINE  SiC,  Y.  Hamakawa, 
G .  Hirata,  Y .  Matsumoto .  M.K.  Han  and  H. 
Okamoto,  Osaka  University,  Faculty  of  En¬ 
gineering  Science,  Osaka,  Japan. 

4:15  H5-2 

THE  EFFECT  OF  HYDROGEN  ON  THE  STRUCTURE  OF 
AMORPHOUS  AND  MICROCRYSTALLINE  SiC  PREPARED 
BY  THE  POLYMER  ROUTE,  C-J.  Chu,  Florence 
Bobonneau  and  J.D.  Mackenzie,  University  of 
California,  Department  of  Material  Science 
and  Engineering,  Los  Angeles,  CA. 

4:30  H5.3 

CHARACTERIZATION  OF  AMORPHOUS  CARBON  THIN 
FILMS,  N . -H .  Cho .  K.M.  Krishnan,  D.K.  Veirs, 
M.D.  Rubin,  Lawrence  Berkeley  Laboratory, 
Mechanical  Engineering  Department,  Berke¬ 
ley,  CA;  B.  Bushan,  IBM  Research  Division, 
San  Jose,  CA;  and  D.B.  Bogy,  University  of 
California  at  Berkeley,  Department  of  Mech¬ 
anical  Engineering,  Berkeley,  CA. 

4:45  H5.4 

THE  EFFECT  OF  HYDROGEN  ON  THE  STRUCTURE  AND 
ELECTRO-OPTICAL  PROPERTIES  OF  SILICON-GER¬ 
MANIUM  ALLOYS,  I.H.  Campbell,  P.M.  Fauchet, 
Princeton  University,  Department  of  Electri¬ 
cal  Engineering,  Princeton,  NJ;  C.M. 
Fortmann .  and  D.E.  Albright,  University  of 
Delaware,  Department  of  Electrical  Engineer¬ 
ing,  Newark,  DE. 

SESSION  H<?; _ PQSTEB  SESSION 

MIfiBaCBXSmiJME-  SEMI  CONDUCTORS 

Chairs:  P.M.  Fauchet,  K.  Tanaka 

and  C.C.  Tsai 

Thursday  Evening,  November  30 
7:00-10:00  p.m. 

America  Ballroom  (W) 

H6.1  OPTICAL  PROPERTIES  OF  MICROCRYSTAL¬ 

LINE  SILICON,  Martin  Ingels,  Martin 
Stutzmann  and  Stefan  Zollner,  Max-Planck- 
Institut  fur  Festkorperforschung,  Stuttgart, 
West  Germany. 

H6.2  ROOM  TEMPERATURE  EXCITONIC  ABSORP¬ 

TION  IN  SMALL  CdS  CRYSTALLITES,  D.K.  Rai  and 
Binod  Kumar .  University  of  Dayton  Research 
Institute,  Dayton,  OH. 
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H6.3  PARTICLE-SIZE  DISTRIBUTION  OF  CdSe 
QUANTUM  DOTS  DETERMINED  BY  PHOTOLUMINESCENCE 
SPECTROSCOPY,  E.N.  Prabhakar,  Massachusetts 
Institute  of  Technology,  Francis  Bittner 
National  Magnet  Laboratory,  Cambridge,  MA 
and  California  Institute  of  Technology, 
Department  of  Physics,  Pasadena,  CA;  C.  A. 
Huber .  Massachusetts  Institute  of  Tech¬ 
nology,  Francis  Bitter  National  Magnet 
Laboratory,  Cambridge,  MA  and  University  of 
Puerto  Rico,  Rio  Piedras,  Puerto  Rico;  and 
D.  Heiman,  Massachusetts  Institute  of  Tech¬ 
nology,  Francis  Bitter  National  Magnet 
Laboratory,  Cambridge,  MA. 

H6.4  THERMALLY  GROWN  OXIDE  LAYERS  ON  a- 
GaAs  FILMS  FOR  MASKING  AND  PATTERN  GENER¬ 
ATION  IN  VLSI,  S.V.  Avadhani  and  B.S.V. 
Gopalam,  Indian  Institute  of  Technology, 
Physics  Department,  Madras,  India. 

H6.5  STUDIES  OF  FORMATION  AND  STRUCTURE 
OF  GeS2-GaS1# 5-CdS  SEMICONDUCTING  GLASSES, 
Suzanne  Barnier,  Micheline  Guittard,  Faculte 
des  Sciences  Pharmaceutiques  et  Biologiques 
de  Paris,  Laboratoire  de  Chimie  Minerale, 
Paris,  France;  and  Christian  Julien.  Univer¬ 
sity  Pierre  et  Marie  Curie,  Laboratoire  de 
Physique  des  Solides,  Paris,  France. 

H6.6  OPTICAL  AND  MICROSTRUCTURAL  CHARAC¬ 
TERIZATION  OF  THIN  FILM  CulnSe2  FOR  PHOTO¬ 
VOLTAIC  APPLICATIONS,  John  R.  Tuttle.  David 
S.  Albin,  and  Rommel  Noufi,  Solar  Energy 
Research  Institute,  Solid  State  Research, 
Golden,  CO. 

H6.7  THERMAL  ANNEALING  OF  AMORPHOUS 
CoMnNiO  FILMS  ON  OXIDIZED  Si  SUBSTRATE,  Tan 
Hui,  Tao  Mingde,  Qin  Dong,  Han  Ying,  Xin¬ 
jiang  Institute  of  Physics,  Academia  Sinica, 
Xinjiang,  China;  Lin  Chenglu  and  Zou 
Shichana .  Shanghai  Institute  of  Metallurgy, 
Ion  Beam  Laboratory,  Shanghai,  China. 

H6.8  THE  GRAPHITIZATION  OF  A-C:H  FILMS 
DURING  THERMAL  ANNEALING,  Shuhan  Lin. 
Shuguang  Chen  and  Dang  Mo,  Zhongshan  Univer¬ 
sity,  Department  of  Physics,  Guangzhou, 
China . 

H6.9  PREPARATION  AND  CHARACTERIZATION  OF 
COLLOIDAL  MoS2  MICROCRYSTALS,  Enlian  Lu ■ 
P.D.  Persans,  Rensselaer  Polytechnic  Insti¬ 
tute,  Physics  Department,  Troy,  NY;  A. 
Ruppert  and  R.  Chianelli,  Exxon  Research  and 
Engineering  Company,  Annandale,  NJ. 

H6.10  TRANSPORT  PROPERTIES  OF  B- ,  P- 
DOPED,  AND  UNDOPED  50kHz  PECVD  MICROCRYSTAL¬ 
LINE  SILICON,  M.A.  Hachicha,  CNRS-LEPES, 
Grenoble,  France;  and  E.  Bustarret.  Max- 
Planck-lnstitut  fvir  Festkdrperforschung, 
Stuttgart,  West  Germany. 


H6.ll  SUPPRESSION  OF  ACCEPTOR  DEACTIVA¬ 
TION  IN  SILICON  BY  ION  IMPLANTATION  DAMAGE, 
K.  Srikanth  and  S .  Ashok .  Pennsylvania  State 
University,  Department  of  Engineering  Sci¬ 
ence  and  Mechanics  and  Center  for  Electronic 
Materials  and  Processing,  University  Park, 
PA. 

H6.12  ENHANCED  NONLINEAR  OPTICAL  RESPONSE 
OF  COATED  NANOPARTICLES,  N.  Kalyaniwal la , 
J.W.  Haus.  M.H.  Birnboim,  W.P.  Ma ,  Rensselaer 
Polytechnic  Institute,  Physics  Department, 
Troy,  NY;  and  R.  Inguva,  University  of 
Wyoming,  Laramie,  WY. 

H6.13  THE  EFFECT  OF  MICROCRYSTALLINITY  ON 
INTERBAND  OPTICAL  TRANSITIONS  IN  SPUTTER 
DEPOSITED  ZIRCONIA,  C.-K.  Kwok.  C.R.  Aita, 
University  of  Wisconsin-Milwaukee,  Materials 
Department  and  Laboratory  for  Surface  Studies, 
Milwaukee,  WI;  and  E.  Kolawa,  California 
Institute  of  Technology,  Pasadena,  CA. 

H6 ■ 14  PREPARATION  AND  CHARACTERIZATION  OF 
MICROCRYSTALLINE  SiC:H  FILMS,  S.V.  Rajarshi, 
F.  Mohammad,  R.O.  Dusane,  V.G.  Bhide,  Univer¬ 
sity  of  Poona,  School  of  Energy  Studies, 
Pune,  India;  S.V.  Ghaisas.  P.  Kulkarni  and 
A. S .  Nigavekar,  University  of  Poona,  Depart¬ 
ment  of  Physics,  Pune,  India. 

H6.15  RAMAN  STUDIES  OF  MICROSTRUCTURAL 
CHANGES  IN  AMORPHOUS  SILICON-BORON  ALLOYS 
DUE  TO  ANNEALING,  G.  Yang.  P.  Bai ,  Rensse¬ 
laer  Polytechnic  Institute,  Center  for 
Integrated  Electronics  and  Physics  Depart¬ 
ment,  Troy,  NY;  B.Y.  Tong,  S.K.  Wong,  J.  Du, 
University  of  western  Ontario,  Center  for 
Chemical  Physics,  London,  Canada;  and  I. 
Hill,  University  of  Western  Ontario,  Surface 
Science  Laboratory,  London,  Canada. 

SESSION  H7 :  DEVICES  AND  APPLICATIONS 
Chair:  S.  wagner 
Friday  Morning,  December  1 
Salon  J/K  (M) 

8:30  *H7 . 1 

PREPARATION  OF  HIGH-QUALITY  POLY-Si  AND  uc- 
Si  AND  uc-Si  FILMS  BY  THE  SPC  METHOD,  T\ 
Matsuyama .  M.  Nishikuni,  M.  Kameda ,  S. 
Okamoto,  M.  Tanaka,  S.  Tsuda,  M.  Ohnishi,  S. 
Nakano  and  Y.  Kuwano,  Sanyo  Electric  Com¬ 
pany,  Ltd. ,  Functional  Materials  Research 
Center,  Osaka,  Japan. 

9:00  H7.2 

CHARACTERISTICS  OF  HYDROGENATED  MYCROCRYS- 
TALLINE  Si  FOR  Si  HBTs ,  H.  Fuji Oka,  M.  Itoh, 
and  K.  Takasaki ,  Fujitsu  Limited,  Advanced 
Technology  Development  Division,  Kanagawa, 
Japan . 
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9:15  H7.3 

DOPANT  SEGREGATION  AT  POLYCRYSTALLINE  SILI- 


11:45  H7.ll 

DEVELOPMENT  OF  THE  VERY  THIN  MICROCRYSTAL- 


CON  GRAIN  BOUNDARIES  IN  DEVICE  FABRICATION  LINE  N-LAYER  AND  ITS  APPLICATION  TO  THE 
PROCESSES,  M.  Itoh.  I.  Aikawa,  N.  Hirashita  STACKED  SOLAR  CELL,  F.  Nakabeopu.  T.  Ishimura, 
and  T.  Ajioka,  Oki  Electric  Industry  Company,  K.  Kumagai  and  K.  Fukui ,  CRDL  TONEN  Corpora- 


Ltd.,  VLSI  R&D  Laboratory,  Tokyo,  Japan. 

9:30  H7.4 

CORRELATIONS  BETWEEN  OPTICAL,  ELECTRICAL, 
AND  STRUCTURAL  PROPERTIES  OF  IN-SITU  PHOS¬ 
PHORUS-DOPED  HYDROGENATED  MICROCRYSTALLINE 
SILICON  -  EFFECTS  OF  RAPID  THERMAL  ANNEALING 
ON  MATERIAL  PROPERTIES,  D.E.  Kotecki  .  S.J. 
Jeng,  IBM,  Semiconductor  Development  Labora¬ 
tory,  Hopewell  Junction,  NY;  J.  Kanicki ,  IBM 
T.J.  Watson  Research  Center,  Yorktown  Heights, 
NY;  C.C.  Parks,  V.  Phan,  W.  Rausch,  K. 
Seshan  and  J.  Tien,  IBM,  Semiconductor 
Development  Laboratory,  Hopewell  Junction, 
NY. 


tion,  Saitama,  Japan. 


9:45  H7.5 

SILICON  RE-CRYSTALLIZATION  CONTROL  FOR 
VLSI/ULSI ' S  WITH  SOI-LIKE  STRUCTURES,  Jun'lchi 
Matsunaaa .  Shigeru  Kanbayashi  and  Shinji 
Onga,  Toshiba  Corporation,  ULSI  Research 
Center,  Kawasaki,  Japan. 


10:00 


BREAK 


10:30  H7.6 

SELECTIVE  DEPOSITION  OF  N-DOPED  uC-Si:H:F  BY 
RF  PLASMA  CVD  ON  Si  AND  SiOx  SUBSTRATES,  2L. 
Baert.  P.  Deschepper,  J.  Nijs  and  R.  Mertens, 
I.M.E.C.,  Department  MAP/SMG ,  Heverlee,  Bel¬ 
gium. 

10:45  H.7.7 

SELECTIVE  GROWTH  OF  Si  CRYSTALS  OVER  AMOR¬ 
PHOUS  SUBSTRATES  SEEDED  BY  SOLID-STATE 
AGGLOMERATION  OF  PATTERNED  Si,  K.  Yamaaata 
and  T.  Yoneharu,  Canon  Inc.,  R/D  Headquar¬ 
ters,  Kanagawa,  Japan. 

11:00  H7.8 

THE  CRYSTAL-AXIS-ROTATION  OF  LASER-RECRYS- 
TALLIZED  SILICON  ON  INSULATOR,  K.  Suoahara . 
T.  Ipposhi,  Y.  Inoue,  T.  Nishimura,  and  Y. 
Akasaka,  Mitsubishi  Electric  Company,  LSI 
R&D  Laboratory,  Itami,  Japan. 

11:15  H7-9 

NEW  MODEL  FOR  POLY-SILICON  THIN  FILM  TRAN¬ 
SISTORS  FOR  USE  WITH  SPICE,  M.  Izzard.  W.I. 
Milne,  and  P.  Migliorato,  Cambridge  Univer¬ 
sity,  Engineering  Department,  Cambridge, 
United  Kingdom. 


11:30  HZ. IP 

ELECTRICAL  PROPERTIES  OF  SIPOS  FILMS  DEPOSI¬ 
TED  ON  CRYSTALLINE  SILICON,  Tien-Min  Chuang. 
Kenneth  Rose,  and  Ronald  J.  Gutmann,  Rens¬ 
selaer  Polytechnic  Institute,  Center  for 
Integrated  Electronics,  Troy,  NY. 
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HI  .1 

ROLE  OF  SURFACE  AND  GROWTH -ZONE  REACTIONS  IN  THE 
FORMATION  PROCESS  OF  pc-SitH.  Akihisa  Matsuda. 
Electrotechnical  Laboratory,  Tsukuba,  Japan;  and 
Toshio  Goto,  Nagoya  University,  Nagoya,  Japan. 

Diode- laser-absorption  technique  was  used  in  the 
SiH4/H2  plasmas  under  various  ratios  of  S1.H4/H2 
to  detect  SiH3  and  SiH2  radicals.  SiH3  of  1012- 
10ll/cm3  was  detected  in  all  SiH4/H2  conditions, 
while  SiH2  was  not  observed  within  the  detection 
limit  of  this  method  (6xl09/cm3)  in  all 
conditions,  indicating  that  SiH3  is  the 
responsible  radical  for  the  film  growth  even  in 
the  pc-Si:H  growth  condition. 

The  surface- loss  (P)  ,  the  recombination  (y)  and 
the  sticking  (a)  probabilities  of  incident  SiH3 
radicals  were  estimated  by  means  of  the  step- 
coverage  experiments  on  a  c-Si  wafer,  which  were 
performed  under  a  wide  range  of  substrate 
temperatures.  It  was  found  that  0  does  not  show 
a  temperature  dependence  for  the  a-Si:H 
deposition  conditions,  while  it  does  decrease 
slightly  with  an  increase  in  the  temperature  for 
the  pc-Si:H  conditions.  On  the  other  hand,  * 
shows  a  strong  temperature  dependence  in  the 
temperature  range  between  350C  and  460C  for  a- 
Si : H ,  and  it  shows  small  temperature  dependence 
for  pc  -  Si : H. 

These  results  are  interpreted  in  terms  of  a 
difference  in  the  growing  surface  between  uc-Si:H 
and  a  -  Si : H  depositions  in  a  unified  manner. 

HI  .  2 

OPTO- ELECTRONIC  PROPERTIES  OF  pc-Si  CROWN 
FROM  SiF4  AND  II2  BY  PECVD.  Y.  Okada.  I.  H  Campbell.  P 
M  Fuuchet  and  S.  Wagner.  Department  of  Electrical  Engineering, 
Princeton  University,  Princeton,  N’J  08544 

Microcrystalline  silicon  (|ac-Si)  has  been  drawing  attention  as  a  candidate 
for  the  p-layer  of  amorphous  silicon  (a-Si)  solar  cells  [  1  ]  and  the  emitter 
of  silicon  heterojunction  transistors  [2|. 

To  understand  the  relation  between  opto  electronic  properties  and 
microstructure,  we  have  grown  pc-Si  films  from  SiF4  with  H;-dilution 
using  plasma-enhanced  chemical  vapor  deposition  (PECVD).  The 
substrate  temperature  and  S1F4/H2  flow  ratio  were  varied  from  200  to  350 
°C  and  from  0.09  to  0.5.  respectively.  The  crystallinity  and  crystallite  size 
were  evaluated  by  Raman  spectroscopy.  The  electrical  conductivities  be 
in  the  range  from  lu  "  to  10‘2  S’cm'1  (a-Si  to  pc-Si).  The  highest 
conductivity  of  pc-S:  is  much  higher  than  that  of  polycrystalline  silicon 
(polv-Si)  grown  by  conventional  CVD  (-10  “  S*cm  ')  and  is  not 
examined  by  the  traditional  conduction  model  for  poly-Si  [3). 

HI .  3 

SUBSTRATE  TEMPERATURE  DEPENDENCE  OF  THE  RAMAN 
SPECTRA  FOR  MICROCRYSTALLINE  SILICON  FILMS 
PRODUCED  BY  REACTIVE  MAGNETRON  SPUTTERING 
C.Wang,  G.N. Parsons,  E.C.Buehler,  G.Lucovsky  and 
R.J.Nemanich,  Department  of  Physics,  and  Material  Science  and 
Engineering,  North  Carolina  State  University,  Raleigh  N.C.  27695- 
8202 

Microcrystalline  silicon  is  typically  deposited  at  low  temperatures 
by  glow  discharge,  using  a  hydrogen  to  silane  ratio  greater  than 
10.  We  have  used  reactive  magnetron  sputtering,  with  a  substrate 
temperature  (Ts)  between  240°C  and  650°C,  and  a  hydrogen 
pressure  of  0.4  mTorr  to  deposit  amorphous  and  microcrystalline 
silicon  films.  Raman  spectroscopy  was  used  to  investigate  the 
vibrational  spectrum,  and  hence,  the  amorphous  or  crystalline 


nature  of  the  films.  The  hydrogen  content  was  determined  using  ir. 
At  Ts=240°C,  the  films  are  "electronic-grade"  hydrogenated 
amorphous  silicon  with  12  at.%  H,  and  no  crystalline  features  in 
the  Raman  spectrum.  At  Ts=450°C,  the  Raman  spectrum  shows 
only  amorphous  features,  and  hydrogen  is  not  detected  by  ir.  At 
Ts=550°C,  the  films  have  a  dramatically  different  Raman  spectrum, 
indicating  an  abrupt  change  in  the  film  structure.  These  films  are 
microcrystalline,  with  a  large  silicon  TO  peak  at  518  cm’1  (full 
width  at  half  max.«10  cm’1),  and  a  shoulder  at  495cm’1.  At 
Ts=650°C,  the  TO  peak  at  518  cm’1  becomes  more  narrow  (full 
width  at  half  max.=6.5  cm’1),  and  features  due  to  2-phonon 
scattering  in  crystalline  silicon  become  distinct.  We  will  discuss 
the  effect  of  hydrogen  partial  pressure,  on  the  deposition 
temperature  at  which  the  abrupt  change  in  microstructure  occurs 
in  reactive  magnetron  sputtered  silicon  films. 

HI  .4 

PREPARATION  AND  CHARACTERISATION  OF  HIGHLY 
CONDUCTIVE  (100  S/cm)  PHOSPHORUS  DOPED  pc-Si:H 
FILMS  DEPOSITED  USING  THE  VHF-GD  TECHNIQUE. 

K.  Rruvud.  F.  Finger,  H.  Curiins.  A.  Shah,  Insulin  of  Microlcchnology.  Rue 
Breguci  2.  2000  Ncuchalc).  Switzerland;  and  J.  Bauman,  Physics  Inst.,  Liniv.  of 
Konstanz,  7750  -  Konstanz,  W  Germany. 

The  Very  High  Frequency  Glow  Discharge  (VHF-GD  :  70  MHz)  technique  has 
been  used  lo  deposit  phosphorus  doped  pc-Si:H  films.  C ondunivines  as  high  as 
HKi  S/cm  have  been  obtained  lining  low  RF  power  (25  mW/cm-  or  15  inW/cm^) 
lor  film  lhicknesses  of  0.5  and  1.5  pm  at  a  deposition  temperature  of  300  C  and 
phosphine  lo  silane  doping  ratio  of  1.5%.  For  these  samples  an  average  grain  size  of 
150  A  is  deduced  lrom  X-ray  diffraction  measurements.  The  conductivities  arc 
considerably  higher  (factor  5  lo  10)  than  those  obtained  by  the  standard  GD  at  13.56 
MHz.  which  require  much  higher  RF-power  densities  (factor  10  higher).  Our  results 
are  comparable  to  those  obtained  using  an  ECR  plasma  [1).  and  to  the  best 
conductivities  reported  for  tn-silu  P  doped  polysilicon  deposued  by  pyrolysis  at 
600  ‘C  and  annealed  at  700  °C  |2).  The  possibility  of  producing  this  material  at 
such  low  temperatures  (300  °C)  opens  new  prospects  for  its  applications  in 
microelectronics. 

HI  .  5 

COMPOSITION  DETERMINATION  OF  MICitOCRYSTALLINE 
'I  WO- PHASE  SILICON  RICH  OXIDES.  I)  Hot, him  and  (ML  Lain, 
IBM.  1UUU  River  Road,  Essex  Junction,  VT  05-172;  and  K.-T.  Chang 
i ncl  K.  Rose.  Centei  for  Integrated  Electronics,  Rensselaer  Polytechnic 
Institute,  Troy,  NY  12181. 

1IRTEM  measurements  of  silicon  rich  oxides  (SRO)  show  silicon  nn- 
crocrystals  in  an  oxide  matrix'.  Simple,  reliable  characterization  of 
tiie  composition  of  this  two  phase  material  has  been  a  problem.  Ellip- 
someiric  measuiemeiu  of  the  refractive  index  is  a  convenient  method 
for  characterizing  SRO  films.  Film  composition  can  be  related  to  the 
refractive  index  by  Uruggeman's  effective  medium  approximation,  hi 
this  paper  we  demonstrate  correlation  of  film  compositions  obtained 
by  this  technique  with  those  obtained  by  Auger  electron  spectroscopy 
(AES)  and  Rutherford  back  scattering  (RBS).  We  further  demonstrate 
regimes  of  I.PC\  D  growth  where  simple  correlation  of  film  composition 
with  (NjO)/[SilR]  gas  ratios  are  and  are  not  reliable. 

Hi .  6 

HEMISTRY  AND  SOLID  STATE  PHYSICS  OF  MICROCRYSTALLINE 
ILICON.  Stan  Veprek,  Institute  for  Chemistry  of  Informa- 
ion  Recording,  Technical  University  Munich,  Lichtenberg- 
trasse  U,  D-8046  Garching-Munich,  F.R.G. 

Firatly,  I  shall  discuss  the  various  preparation  methods 
or  the  deposition  of  micro-  (nano-)  crystalline  silicon 
ith  emphasis  on  their  merits  and  demerits  regarding  the 
ontrol  of  material's  quality  and  possibility  of  scaling  up 
o  large  area  applications. 

The  talk  will  concentrate  on  the  fundamental  understan- 
ling  of  the  parameters  controling  the  structural,  chemical 
,nd  related  physical  properties  of  the  deposited  fic-Sl.  The 
ormation  of  a  pure  microcrystalline  phase  requires  the  de- 
oosltion  to  occur  close  to  the  partial  chemical  equilibrium 
it  the  position  of  the  substrate.  The  experimental  possibi¬ 
lities  of  establishing  such  conditions  will  be  outlined.  The 
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pure  aicrocrystalline  material  free  of  amorphous  tissue  can 
pe  deposited  via  chemical  transport  in  hydrogen  plasma.  The 
reaction  mechanism  and  the  rate  determining  steps  of  the  de¬ 
position  will  be  explained  on  the  basis  of  experimental 
facts  and  outlined  theoretically. 

The  chemical  and  physical  properties  of  fic-Si  are  direct¬ 
ly  related  to  the  structural  properties  of  the  material  and, 
in  particular,  to  the  nature  of  the  grain  boundaries.  There¬ 
fore,  the  control  of  the  structure  of  the  grain  boundaries 
and  the  lattice  dilatation  vill  be  outlined  first.  It  will 
be  shown  that  the  bond  length  dilatation  within  the  grain 
soundaries  is  the  origin  of  many  physical  properties ,  such 
as  electric  conductivity,  optical  absorption,  elastic  and 
laman  scattering  of  light.  It  is  also  the  origin  of  the  in¬ 
corporation  of  oxygen  into  the  material  during  its  long  term 
exposure  to  air.  This  problem  can  be  easily  avoided  by  the 
application  of  a  negative  bias  during  the  deposition.  The 
resultant  compressive  stress  in  the  films  strongly  influen¬ 
ces  their  physical  properties . 

HI  .  7 

ELECTRONIC  AND  STRUCTURAL  PROPERTIES  OF 

FILMS  PREPARED  BY  RF  GLOW  DISCHARGE 
WITH  HYDROGEN  DILUTION.  S  Aln»ln.  Sim  .Ini.  M.  Smtz- 
m.imi.  ami  L.  Ley;  Max-Planrk-Iustitut  fin  Fi’stkuiqx'rforsclmiig.  Hi-1- 
Miilxngstr.  1.  D-Tuuu  Stuttgait  80.  F.R.G 

Ida]  photoflcrtron  yield  spectroscopy,  pliototliormal  deflection 
spectroscopy  and  the  constant  photocurrent  technique  arc  utilized  to 
evaluate  the  electronic  density  of  bandgap  states  (DOS)  in  pc-Si:H 
dims  prepared  by  RF  glow  discharge  in  Si  ID  diluted  with  Hj.  The 
spectra  provide  a  measure  of  the  defect  density  in  the  amorphous 
matrix  and  the  degree  of  microcrystallinity  and  show  strong  correla¬ 
tion  with  structural  properties  of  the  films  (microcrvstal  size,  volume 
fraction)  as  measured  by  Raman  and  X-ray  diffraction  spectroscopies. 
Raman  measurements  are  also  used  to  identify  the  hydrogen  bon¬ 
ding  configurations  in  the  material.  Three  series  of  films  are  grown 
to  study  the  effects  of  the  H2  dilution  ratio,  substrate  temperature, 
and  RF  power  density  on  the  structure  and  the  DOS.  Comparisons 
are  made  to  un-hydrogenated  microcrystalline  films  prepared  by  high 
temperature  anneals  of  a-Si:H 

HI .  8 

THE  FORMATION  OF  SILICON  CLUSTERS  IN  PI  C.VJ)  Si.OHf  ALLOYS 
A  G.  Dima  and  J.  Figueiredo;  Centro  de  Fisica  Molecular  das 
Universidades  de  Lisboa,  Instituto  National  de  InvestigacAo 
Cienlifica.  Complexo  I  (IS.T.)  Av.  Rovisco  Pais  1000  Lisboa 
PORTUGAL. 

In  this  paper  ve  report  on  the  results  of  a  study  of  a  new 
SiiOJLF  alloy  produced  by  Plasma  Enhanced  Chemical  Vapour 
Depositon  in  SiH<f/F2/Ar  gas  mixtures.  The  oiidation  of  these 
films,  associated  with  residual  oxygen  and  oxigenated 
compounds  from  the  fluorine  container  (Matheson  gas  with 
98%  of  purity)  and  to  the  etching  of  the  Pyrex  wall  of  the 
deposition  chamber,  is  enhanced  by  the  presence  of  the 
fluorinated  species  in  the  active  discharge  zone. 

The  optoelectronic  and  structural  properties  of  these  alloys 
are  coherently  interpreted  taking  into  account  respectively 
the  results  from  dark  conductivity  and  optical  absorption 
measurements  and  from  X-ray  diffraction,  infrared  and 
Raman  spectroscopy  studies  These  results  have  shown  that 
films  produced  vith  a  F2/SiH«  gat  ratio  (r)  lover  or  equal 
than  0.4  are  amorphous  semiconducting  SLO;H:F  alloys, 
vhereas  films  deposited  vith  ri  0.5  exhibit  a  multiphase 
structure  consisting  of  silicon  dusters  embeded  in  an 


amorphous  insulating  fluorine  doped  silicon  oxide  tissue.  The 
formation  of  silicon  clusters  within  the  amorphous  SiD:H:F 
matrix,  resulting  from  a  segregation  process  of  the  oxygen 
and  fluorine  atoms,  is  also  discussed. 

HI. 9 

PREPARATION  OF  CRYSTALLINE  Si  THIN  FILMS  BY 
SPONTANEOUS  CHEMICAL  DEPOSITION 

TOHRU  KOMIYA,  AKIRA  KAMO,  HIROSHI  KUJIRAI,  ISAMU 
SHIMIZU*,  AND  JUN-ICHI  HANNA 
Tokyo  Institute  of  Technology 

Imaging  Science  and  Engineering  Laboratory  and 
Graduate  School  at  Nagatsuta* 

Nagatsuta,  Midon-ku,  Yokohama,  227  Japan 


We  have  established  a  new  preparation  technique 
for  the  preparation  of  Si  thin  films  based  on  a 
gas  phase  reaction  of  SiHi  with  Fj  at  the  reduced 
pressure.  This  technique  provides  us  a  variety  of 
the  films  from  "amorphous"  to  "single  crystalline" 
in  epitaxial  manner. 

Microcrystalline  films  could  be  deposited  on  the 
glass  substrate  at  the  rate  of  12  A/s ec  under  the 
condition  of  SiH4(100%,  30sccm),  Fa  ( 1 0  %  - 
He,30sccm),  Ts=340°C,  and  Pr »» . = 5 SOmtorr . 

The  transition  temperature  from  "amorphous  "  to 
"microcrystalline"  shifted  down  as  a  gas  flow 
ratio,  SiH«/F2  was  decreased  or  the  pressure  was 
decreased.  Even  at  the  temperature  of  505°C  on  the 
substrate,  the  films  could  be  prepared  at  the  rate 
of  30  A/sec  when  the  flow  ratio  of  2  was  selected. 

The  epitaxial  growth  of  the  Si  films  was  observed 
at  the  same  condition  for  preparing  the 
microcrystalline  films  on  the  glass  substrate  when 
the  Si  wafers  treated  by  the  RCA  cleaning  method 
and  then  dipped  into  HF  solution  were  applied  as 
the  substrate. 

The  experimental  results  suggested  that  fluorine 
played  a  very  important  contribution  into  the 
relaxation  of  the  Si- networks  on  the  growing 
surface,  leading  to  the  crystallization. 


HI .  10 

MICROCRYSTALLINE  SILICON  FILMS  PRODUCED  BY 
RF  MAGNETRON  SPUTTERING  AND  THE  EFFECT  OF 
DIFFERENT  AMBIENTS  ON  THEIR  CONDUCTIVITY. 
Ratnabali  Banenee.  A.  K .  Bandyopadhyay ,  S.N. 
Sharma,  A.K.  Batabyal  and  A.K.  Barua;  Energy 
Research  Unit,  Indian  Association  for  the 
Cultivation  of  Science,  Calcutta-700  032, India. 

Hydrogenated  microcrystalline  silicon  films 
were  prepared  in  an  rf  magnetron  sputtering 
system  using  a  single  crystal  silicon  wafer 
<4"  diameter)  target.  The  sputtering  gas 
was  a  mixture  of  argon  and  hydrogen.  Highly 
conducting  films  (~l  <T^  .A."  1  cm  1 )  with  low  bonded 
hydrogen  content  (~5  at  %)  were  obtained 
at  fairly  low  rf  power  density  of  1.2  w/cm2 
for  high  hydrogen  partial  pressures.  The 
target  voltage  increased  with  increasing 
hydrogen  partial  pressure  when  the  rf  power 
was  kept  constant.  The  effect  of  variation 
of  gas  composition  with  constant  power  density 
and  constant  target  voltage  was  compared. 

For  filrn^  w^th  lower  conductivity  values 
(~'CJ  S\.~  cm"  ),  an  increase  was  observed  in 
the  conductivity  (more  than  two  orders  in 
magnitude)  when  left  in  ordinary  atmosphere. 
The  effect  was  stalled  in  vacuum  and  got 
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accelerated  in  a  simulated  humid  ambient. 

In  contrast  to  that  observed  for  hydrogenated 
amorphous  silicon  films,  the  effect  was  not 
reversed  on  anncil ma  in  vacuum  at  tS0ftC/200°C 
The  films  with  initial  conductivity  of  l o ~vL~  1  cm *  1 

conductivity^111'  '  C^'  in 


H2 . 1 

LINEAR  AND  NONLINEAR  OPTICAL  PROPERTIES  OF 
QUANTUM  SEMICONDUCTOR  CRYSTALLITES-  Louis 
Brus,  AT  ST  Bell  Laboratories ,  Murray  Kill, 
N  .  J  . 

Powders  of  purified  II-VI  semiconductor 
crystallites,  with  a  narrow  size  distribution 
and  the  surface  chemically  bonded  to  chosen 
organic  epecles  (ie,  "capped"  ),  can  be 
prepared  uaing  inverse  micelle  and 
organometallic  reactions.  The  crystallites 
show  a  three  dimensional  quantum  size  effect, 
with  a  partially  discrete  electronic 
absorption  spectrum  and  an  apparent  band  gap 
that  increases  with  decreasing  diameter.  The 
crystallites  are  structurally  characterized 
by  SMF i  TEM ,  x-ray,  and  Raman  methods. 
Tronsient  photophysicol  hole-burning  optical 
measurements  reveal  the  homogenecue 
absorption  spectra  of  individual 
crystallites.  Psec  and  shorter  transient 
absorption  experiments  probe  the  nonlinear 
response  to  intense  resonant  and  nonrcaonant 
optical  pulses,  and  the  fast  excited  state 
relaxation  phenomena. 


H2 . 2 

ft-  .  ROLl-’OVliON  O'  3  Di!Vi\S!0\A.  S7E  OUANUz’lD 
CaS  AML)  CdSt-  f  IL  VS  G  Hoots  if  u  T  t  ntj,  P-,,rd,  Ocpartn-v  t 
of  ViN  Rt’Svu ’th,  Tnv  vVei/ntann  institute  of  Soei've. 
ffv’  ovot  761 00.  lirac. 

E  it-;  •  rodeoovtion  of  CdS  and  CdSe  I’om  non  aqueous 
elcif-siytes  containing  a  Cd  salt  and  Nemcn tul  S  or  Se  gives 
transparent,  adherent  films  made  up  of  aggregates  of  ca  S 
riM  crystallites  These  films  exfnbit  a  blue  shift  in  thou  optical 
aosorption  spectra  of  ca  0  2  eV  due  to  3  dimensional  size 
quantization  in  the  individual  crystallites  This  blue  shift  occurs 
for  films  deposited  from  electrolytes  containing  a  strongly 
adsorbing  anion  (e  g  Cl  ,  I  )  but  much  less  so,  or  not  at  all,  fo- 
those  wuh  a  weakly  adsorbing  anion  (e  g  CIO  c  )  We  discuss  a 
mechanism  for  the  growth  of  these  macrocrystalline  films 
based  on  the  anion  adsorption  properties 

While  these  layers  have  a  high  electrical  resistance  due,  at 
least  in  part,  to  the  poor  electrical  contact  between  individual 
crystallites  (which  is  the  cause  for  the  size  quantization), 
photovoltaic  activity  is  obtained  m  a  liquid-junction 
(photoelectrochemical)  configuration  This  behavior  can  be 
understood  ir.  terms  of  the  intimate  contact  between 
electrolyte  and  individual  crystallites  in  the  rmcroporous 
semiconductor  film  A  change  from  n-type  to  apparent  p-type 
behavior  often  occurs  after  etching  the  films  in  dilute  HCI.  This 
is  treated  by  considering  the  films  as  made  up  of  isolated 
colloidal  crystallites  with  little,  or  no,  band  bending  in  the 
film 

Optical  properties  of  the  films,  including  variation  of  the  blue 
shift  with  preparation  conditions  and  correlation  of 
absorption  and  photoluminescence  spectra  will  also  be 
treated 


M2 . 3 

STRUCTURAL  AND  ELECTRICAL  CHARACTERIZATION  OF 
CdSe  THIN  FILMS.  Miltiadis  K.  Hatalis,  Fuvu  Lin.  Lehigh 
University,  Bethlehem,  PA;  and  Michael  R.  Westcott,  Litton 


Systems  Canada,  Rexdale,  Ontario,  Canada. 

We  have  studied  the  structural  and  electrical  characteristics  of  25 
nm  thick  undoped  and  indium-doped  CdSe  films  deposited  on 
glass  substrates.  Transmission  Electron  Microscopy  has  revealed 
that  the  as-deposited  films  are  microcrystalline  with  a  grain  size 
-10  nm.  Distinctively  different  grain  growth  has  been  observed 
in  the  doped  and  undoped  films  after  thermal  annealing.  Grain 
growth  in  the  undoped  CdSe  was  found  to  stop  when  the 
average  grain  size  became  equal  to  the  film  thickness. 

Enhanced  grain  growth  has  been  observed  in  the  indium  doped 
CdSe.  In  contrast  to  undoped  films,  grain  growth  in  doped  CdSe 
is  not  limited  by  the  film  thickness  but  depends  primarily  upon 
annealing  time  and  temperature.  An  average  grain  size  larger 
than  the  film  thickness  has  been  achieved.  Furthermore,  an 
abnormal  grain  growth  resulting  in  grains  with  sizes  much 
larger  (>20X)  than  the  film  thickness  has  been  observed.  The 
density  of  these  grains,  their  crystal  structure  and  TEM 
observations  of  in-situ  annealed  films  will  be  discussed.  The 
possibility  of  obtaining  large  area  single  crystal  CdSe  will  also  be 
discussed. 


The  channel  resistance  of  the  indium  doped  CdSe  for  various 
electrode  spacings  was  characterized.  After  annealing  the 
resistance  decreased  for  short  (<25  pm)  electrode  separation 
whereas  it  increased  for  larger  ones.  Possible  explanations  of  our 
results  will  be  presented. 


H2.4 

A  STUDY  OF  THE  PRESSURE- INDUCED  PHASE  TRANSI¬ 
TION  IN  BULK  AND  NANOCRYSTA1.1.1NE  CMS.  Xuc-Shu  Zhao. 
John  Schroeder,  P.D.  Persans  and  Enlian  Lu.  Physics  Department. 
Rensselaer  Polytechnic  Institute.  Trov.  NY. 


We  have  used  resonant  Raman  scattering  induced  by  pressure 
tuning  to  study  the  pressure-induced  phase  transition  in  bulk  and 
6  nm  diameter  colloidal  mieocrystallite  CdS.  We  observe  that  bulk 
CdS  undergoes  a  well-defined  first  order  phase  transition  at  27  kbar 
and  that  the  intensity  of  the  zone-center  LO  phonon  Raman  scat¬ 
tering  increases  when  the  level  of  the  intermediate  stale  (bound 
exciton  I2)  is  close  to  the  photon  energy.  Above  27  kbar  the  Raman 
scattering  and  photolumineseence  completely  disappear.  The  phase 
transition  in  colloidal  CdS  is  quite  different  from  the  bulk.  There  is 
no  sharp  transition;  it  appears  to  occur  over  a  wide  pressure  range 
up  to  and  above  50  kbar.  We  attribute  the  different  pressure  be¬ 
havior  in  colloidal  CdS  to  the  effect  of  surface  reconstruction  and 
surface  distortion  energy  in  microcrvstals.  Both  bulk  and  colloidal 
CdS  reverse  to  the  original  wurlzite  phase  after  the  pressure  is  re¬ 
leased. 


H2.5 

;i  sin  tin  si'icrm  or  inch  i-'iissios  oi-  wise  'ii-.sust  vru 
1  .  I  S'i  i  i(S  lx  (.1-0.  (I  tss  « YIH I  \  .  1  ilk  In .  i  linkillllu  ,  tkiflori 

ianaka.  Toshihirn  \r;ii.  Inst,  of  \ppl  .  I'tiys..  Init.  ,.f 
TmiKijIiu.  !  sukutui .  In.iraki  ;ui5,  Japan:  and  'litsuru 
Isliikawa,  Tsukuha  Research  Mali.  ,  llaiiiamat  su  Photonics  K  .  K .  , 
Ist.kuha  Iharaki,  305.  Japan 

Time-resolved  pilot  ol  uni  I  nesccnce  spectra  of  CdSe 
m i -  rovrysl nl s  in  Gefb  giass  mairice  were  measured  at  liq. 
v.  lemperature.  The  size  of  microerystals  was  enni rolled 
by  varying  the  annealing  temperature  and  the  duration 
tune.  The  average  sizes  of  contained  crystals  in 

samples  were  in  the  range  between  .'i-lfinm  in  diameter, 
for  i he  excitation  of  phtoluminescencc,  514. aim  line  or  a 
mode  locked  Ar' laser  which  has  about  50ps  pulse  width  and 
H2*lllz  repetition  rate  was  used.  The  steady-state 
phtolumlneseenee  spectrum  shows  two  peaks.  Both  peaks 
shift  to  higher  energy  side  with  decreasing  the  crystal 
—  *  zo .  The  luminescence  In  higher  energy  side  may 
correspond  to  the  edge  emission  In  a  bulk  crystal.  The 
decay  profile  of  this  emission  involves  a  fast  decay- 


294 


component  which  has  similar  shape  to  the  exciting  light 
and  two  slow  components.  The  shapes  of  spectra  at 
various  times  after  excitation  do  not  change.  This  fact 
shows  that  both  fast  and  slow  decay  components  are 
originated  by  the  trasition  between  the  same  energy 
levels.  The  decay  times  of  the  slow  components.  t;  and 
r.  .  increased  with"  decreasing  of  the  crystal  size.  In 
the  sampj e  containing  crystal  which  has  smaller  diameter 
than  the  effective  Bohr  diameter  of  the  exciton  in  a  hulk, 
d-  .  one  of  the  slow  component  disappeared.  The  time- 
integrated  intensity  ratio  I? /Is  increases  with  increasing 
crystal  size.  This  variation  occurs  intensively  in  the 
samples  which  contain  smaller  size  crystal  than  ds  . 
Tnese  variation  will  be  discussed  with  the  quantum 
confinement  effect  for  exciton. 


H2 . 6 


OPTICAL  PROPERTIES  OF  II-VI  SEMiCONDUCTOR.DOPEp 
GLASS,  P  D.  Persons.  Ar.  Tu,  T.  Driscoll,  M.  Lewis,  and  R.  Red¬ 
wing.  Physics  Department  and  Center  for  Integrated  Electronic*. 
Rensselaer  Polytechnic  Institute.  Troy,  NY  121S0 


We  discuss  the  effects  of  size  and  electron-phonon  interactions 
on  the  electronic  properties  of  isolated  nanometer-sized  CdSySe-,.* 
icinh'.or.ductor  particles  embedded  in  glass.  Optical  absorption  ana 
cw  photo  luminescence  experiments  have  been  performed  on  a  series 
of  samples  of  glass  containing  CcSSe  microcrystais  in  the  temper¬ 
ature  range  of  T7K-430K.  Photomodulated  transmission  measure¬ 
ments  have  also  been  carried  out.  For  pump  and  probe  photon 
energies  within  200  meV  above  the  band-edge  we  observe  pnotoin- 
duced  bleaching  which  we  attribute  to  a  band-filling  mechanism. 
The  data  show  that  there  is  a  blue-shift  of  the  bane-edge  due  to 
the  quantum  size  effect,  but  the  photoluminescenoe  peak  and  pbo- 
loinduced  transmission  peak  widths  are  much  broader  than  theory 
predicts  for  bulk  samples.  The  Urbach  tail  width  in  optica!  ab- 
sorotion  shows  the  same  type  of  behavior.  It  has  been  found  that 
Both  homogeneous  and  inhomogeneous  mechanisms  contribute  to 
broadening  of  the  optical  spectra.  We  attempt  to  separate  these 
two  mechanisms  by  studying  the  temperature  dependence  of  the 
Urbach  tail,  cw  photoiumir.escence  and  photoinduccd  absorption. 
These  measurements  have  been  carried  out  or.  materials  which  have 
seen  structurally  characterized  by  l  number  of  techniques  including 
x-ray  diffraction,  small-angle  x-ray  scattering,  electron  microscopy 
and  Raman  scattering 


H2 . 7 

FABRICATION  AND  CHARACTER  I ZATI  ON  STUDIES  OF 
STM  I  CONDUCTOR  -  IMPREXJvATED  POROUS  WCDR  GLASS.  * 

C;.  Aw  Huber* .  T.  E.  Huber*,  A.  P.  Salzoerq  and  J.  A. 
Perez,  roparanent  of  Physics,  University  of  Puerto 
Rico,  Rio  Piedras,  Fn  00931. 


Standard  MOCVD  type  reactions  have  been  carried  out  within  the  pores  of 
both  crystalline  and  "amorphous  hosts  to  form  small  parade  III-Y  and  II- VI 
semiconductors.  These  "Size  Quantized'1  semiconductors  have  been  studied 
bv  solid  state  made  angle  spinning  (MAS)  NMR.  UV-Vis  and  iR 
spectroscopy,  as  well  as  X-ray  diffraction  attempting  to  correlate  structure 
propertv  relanonships.  Details  of  the  synthetic  methods  as  well  as  the 
results  of  both  spectroscopic  and  diffraction  techniques  will  be  discussed. 

H2.9 

THE  PREPARATION  OF  COLLOIDAL  III- V 
SEMICONDUCTORS  IN  AQUEOUS  SOLUTION.  Tohv  I. 
Cumberbatch  and  Michael  D.  Spencer,  Engineering  Department, 
Cambridge  University,  Cambridge,  England;  and  Andrew  Putnis, 
Department  of  Earth  Sciences,  Cambridge  University, 
Cambridge,  England. 

Colloidal  suspensions  of  indium  arsenide  (InAs)  and  gallium 
arsenide  (GaAs)  have  been  prepared  by  passing  arsine  (ASH3) 
through  dilute  aqueous  solutions  of  the  metal  nitrates.  The 
possibility  of  producing  ternary  materials  such  as  GalnAs  is  also 
being  investigated.  Small  aqua-ligand  exchange  rates  (logiokcx: 
Ga3*  *  3.3;  In3*  =  4.3)  coupled  with  a  low  concentration  of 
arsenide  anions  make  the  rate  of  precipitation  very  slow.  As 
expected,  no  reaction  was  observed  in  an  aqueous  aluminium 
solution  for  which  iognikc*:  A!3*  =  -0.8.  To  increase  the 
nucleation  rate,  mixed  solvent  systems  have  been  investigated 
as  a  means  of  increasing  the  ligand  exchange  rate,  as  have 
alternative  sources  for  the  arsenide  ions. 

Examination  of  the  precipitates  by  transmission  electron 
Microscopy  shows  that  the  microcrvstalline  particles  are 
uniform,  with  an  average  diameter  of  15nm,  and  of  single 
phase.  The  electron  diffraction  patterns  were  indexed  to  InAs 
and  GaAs  and  in  agreement  with  the  corresponding  X-ray 
diffraction  powder  patterns. 

Optical  absorption  data  from  an  electrophoreticallv  deposited 
laver  of  GaAs  confirm  that  the  material  is  a  semiconductor  with 
a  band  gap  of  =1.45eV.  Low  temperature  photoluminescence  is 
being  used  for  a  more  detailed  analysis  of  both  materials. 

K-.l 

THU  <  KOWTH  ANI)  STABILITY  OF  MICROCRY- 
S  (AU.IN1-:  SILICON,  v  \\  :,*u-r  and  ".  .  111.  frill.-.- . 

I  !ii\  « -r--i  1  \  .  I  Vilir,  lull.  \.l . 


Nave  1  serr.iconductor-silica  composites  have  been 
fabricated  from  porous  Vycor  glass  of  50  A 
characteristic  pore  diameter.  TVie  Vycor  glass  is 
impregnated  by  pressure  forcing  the  non-wetting 
semiconductor  melt  into  the  interconnected  pores. 

Dense  semiconductor  mesh-like  microstructures  can  be 
f  aoncated  by  tnis  technique.  Characterization 
measurements  on  selenium-,  tellurium-  and  preliminary 
results  or.  gallium  antimomde-impreonated  Vycor  snow 
the  composites  to  be  suitable  for  both,  optical  and 
electrical  transport  studies,  particularly  those  wi'n 
specific  interest  in  quantum  confinement  of  carriers 
in  this  type  of  materials. 

H2 . 8 

.Yvn  i:  MS  STRUCTURAL  AND  OPTICAL  CHARACTERIZATION 
.  :  SMAL!  PARTICLE  III- V  SEMICONDUCTOR  CLUSTERS 
;\<  LUDED  IN  POROUS  HOSTS  James  E.  Mac  Douaall,  Hellnv. 
i  ..  mt:.  \N  LEam  T.  A.  Hjrnson,  Cmler.  D  Stuvkv.  Department  of 
<  ;,e:i!i«tr> ,  1  diversity  of  California.  Santa  Barbara.  CA;  Norman  1  icrron. 
'1  Wang  Central  Research  and  Development  Depanmenl.  E.  1.  duPont 
Nemours  am1  Co..  Wilmington.  DL;  Karin  Moller,  and  Thomas  Bern, 
Department  of  <  1  emistry.  University  of  New  Mexico.  Albuquerque,  NM. 


Tv  .|ii.-liiins  in >i-i  1  r  answered  t<>  underst :uiT  lie-  structure 
:  II, iu  docs  it  form?  and  why  i>  il  staUc"  Wr  si  inly 
tin-  first  question  E\  observing  the  transition  from  epitaxial 
growth  on  crystalline  >i.  lo  disordered  growth  as  tin-  c-Si 
substrate  is  covered  with  hydrogen.  The  key  result  is  that 
hydrogen  coverage  disrupts  crystalline  anil  promotes  miero- 
erystalline  grow  lit. 

To  understand  the  stability  of  pc- Si  wo  focus  on  the 
equilibrium  between  pc-Si  and  an  a-Si:ll  matrix.  Typical 
material  contains  three  phases,  i.e..  pe- Si,  a-Si:lI  and  II,.  We 
investigate  the  conditions  of  co-existence  of  these  three  phases 
in  funriion  of  tile  size  of  t lie  mirrocryslals  and  of  the  hydro¬ 
gen  bonding  in  the  a-Si:ll.  The  most  stable  configuration 
appears  to  lie  one  where  hydrogen-free  microcrystais  arc 
embedded  in  an  a-Si:ll  matrix  that  is  saturated  with  11. 

This  work  is  supported  by  tile  Electric  Power  Research 
Instil  ul  e. 


295 


H2 . 2 

MICROCRYSTAL  SILICON  FILMS  PREPARED  DY  REMOTE  PLASMA  CVD 
Sung  CHul  Kim,  Jung  Tae  H*ang.  Seung  Kyu  Lee,  Ctiang  Young 
Jung,  Sung  Moo  Soe,  Sung  Ok  Koh ,  Kwan  Soo  Chung,  Jin  Jang 
Dept. of  Physics  i  Dept. of  Electronics,  ifyung  llee  University 
Dongdaenoon-ku.  Seoul  130*701,  Korea 

Hydrogen  dilution  in  a  glow-discharge  silane  plasma  is  known 
to  prepare  nicrocrystal  silicon  film  at  low  substrate 
temperatures(200  -  300°C).  We  studied  the  application  of  the 
remote  plasma  enhanced  chemical  vapor  deposi ti ontremote 
PECVD)  to  the  growth  of  intrinsic  and  doped  microcrysta! 
silicon  films,  Lucovsky's  group  has  developed  a  remote  PECVD 
technique,  in  which  plamsa  generating  region  is  connected 
upstream  of  a  remote  deposition  chamber.  Silane  and 
hydrogen  mixture  are  introduced  into  the  downstream  reactor 
and  helium  passes  through  the  plasma  generating  region, 

In  the  present  study  the  influences  of  deposition 
temperature,  hydrogen  dilution  rat i o(H2/Si Hw) .  discharing 
power,  and  total  pressure  on  the  structural,  optical  and 
electrical  properties  of  the  Si  thin  films  prepared  by  a 
remote  PECVD.  The  results  are  compared  with  the  behavior  in 
the  glow  discharged  microcrystal  films.  The  growth  of 
microcrystal  Si  is  enhanced  by  increasing  the  hydrogen  dilu¬ 
tion  ratio,  rf  power,  and  by  decreasing  the  total  pressure, 
It  was  found  that  microcrystal  Si  films  sere  grown  over  the 
deposition  temperature  range  200  -  300  °C  when  the  hydrogen 
dilution  ratio  was  higher  than  30.  The  deposited 
nicrocrystal  Si  films  show  a  sharp  Ramen  peak  near  520  cm'1 
and  only  2090  cm  1  S i -Hz  modes  in  the  infrared  optical 
-'sorption  and  high  room  temperature  conductivity  of  >1S/ce, 
lie  roles  of  hydrogen  and  helium  on  the  growth  of 
microcrystal  Si  will  be  discussed. 


H3  .  3 

r RACIAL -l IKE  STRUCTURES  PRESENT  IN  HYDROGENATED 
AMORPHOUS  AND  MICROCRYSTALLINE  SILICON. 

R.C.  van  Oort.  J.C.  van  den  Heuvel ,  M.J.  Geerts, 
Delft  University  of  Technology,  Faculty  of 
Electrical  Engineering,  Mekelweg  4,  Delft, 
the  Netherlands. 

The  film  surface  of  a-$i:H  and  uc-Si:H  films  etched 
in  a  hydrogen  rf  plasma  were  examined  by  using 
scanning  electron  microscopy.  Hydrogenated  amorphous 
s ■ 1  icon  ( a - S i : H)  generally  is  regarded  as  a  material 
consisting  of  two  phases.  One  phase  of  a  high 
electrical  quality  and  a  low  structural  disorder, 
and  a  second  phase  of  poor  quality,  containing  a 
lot  of  hydrogen  and  many  microvoids.  This  phase 
is  of  a  low  structural  order.  A  hydrogen  plasma  is 
able  to  etch  a-Si:H  at  a  rate  of  1  A/s.  The  etch 
rate  of  microcrystalline  silicon  (uc-Si : H)  is 
0.2  A/s.  The  uc-Si:H  is  a  mixture  of  crystals 
imbedded  in  an  a-Si:H  matrix.  This  difference  can 
only  be  explained  by  the  fact  that  the  crystals,  a 
material  of  a  high  stuctural  order,  are  practically 
not  etched.  Due  to  the  fact  that  a  -  Si :  H  is  a 
mixture  of  material  with  different  degrees  of 
structural  order  a  coarsened  a- Si : H  film  surface  is 
revealed  by  SEM  after  etching  a - S i : H  films  in  a 
hydrogen  plasma.  The  structures  visible  are 
fractal -like.  The  same  is  found  for  uc-Si :H  films. 
The  amount  of  fractals  and  the  size  can  be  changed 
by  adjusting  the  deposition  conditions,  influencing 
the  microstructure  of  the  layers.  The  fractals  in 
uc-Si : H  form  a  closed  network.  This  is  an 
indication  that  the  fractal -like  structures  are 
crystalline. 


H3.4 

ROLE  OF  HYDROGEN  IN  THE  PROCESS  OF  EXCIMER-LASER- 
INDUCED  CRYSTALLIZATION  OF  a-Si:H.  K.  Winer.  R.  Bachrach,  R. 
Johnson,  S.  Ready,  G.  Anderson,  and  J.  Boyce,  Xerox  Palo  Alto 
Research  Center,  Palo  Alto,  CA. 

Hydrogen  evolution  spectra  and  hydrogen  concentration  depth 
profiles  are  correlated  with  carrier  transport  and  average  grain 
size  measurements  in  order  to  investigate  the  role  of  hydrogen 
in  dopant  activation  and  grain  growth  upon  crystallization  by 
pulsed-excimer-laser-induced  surface  heating  of  hydrogenated 
amorphous  silicon  (a-Si:H)  thin  films  grown  by  plasma-enhanced 
chemical  vapor  deposition. 

Hydrogen  depletion  from  a-Si:H  occurs  only  above  a  well- 
defined  laser  energy  density  threshold,  increases  slowly  with 
increasing  laser  energy  and  shot  densities,  and  is  enhanced  by 
the  presence  of  dopants  which  is  to  be  expected  from  the  Fermi- 
level-dependent  hydrogen  diffusion  coefficients  observed  in 
bulk  a-Si:H.  While  the  average  grain  size  increases  monotoni- 
cally  with  increasing  laser  energy  density  and  is  nearly 
independent  of  dopant  concentration,  the  room  temperature  dc 
dark  conductivity  exhibits  a  sharp  transition  marking  the  onset  of 
crystallization  and  dopant  activation  at  laser  energy  densities 
which  decrease  logarithmically  with  increasing  dopant  concen¬ 
tration. 

A  comparison  between  the  role  of  hydrogen  in  the  process  of 
excimer-laser-induced  crystallizat'on  of  a-Si:H  and  the  growth  of 
microcrystalline  silicon  by  hydrogen  dilution  will  be  made,  and  a 
model  of  hydrogen  incorporation  in  silicon  based  on  a  simplified 
Si-H  phase  diagram  and  chemical  equilibrium  principles  will  be 
discussed. 


H3.5 

HYDROGEN  PASSIVATION  OF  UNDOPED  AND  DOPED  pc-Si. 
M.  Stutzmann.  C.P.  Herrero,  M.  Ingels,  and  A.  Breitschwerdt,  Max- 
Planck-Institut  fur  Festkorperforschung,  D-7000  Stuttgart  80,  FRG. 

We  have  investigated  the  effects  of  hydrogen  plasma  treatment  on 
the  electronic  and  structural  properties  of  doped  (n-  and  p-type)  as 
well  as  undoped  microcrystalline  silicon.  Samples  were  prepared  by 
recrystallization  of  a-Si:H  films  at  800°C.  For  the  characterization  of 
the  samples  before  and  after  passivation  we  have  used  IR  reflectance, 
spectroscopic  eilipsometry,  photothermal  deflection  spectroscopy,  and 
Raman  scattering.  Results  on  subgap  absorption  (defect  and  free 
carrier),  free  carrier  plasma  reflection,  and  on  the  local  vibrational 
modes  of  dopant  atoms  and  hydrogen  will  be  presented  and  discussed 
in  terms  of  corresponding  results  in  monocrystalline  silicon. 


H3 , 6 
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Cneni: cal  react. ons  and  their  control  have  beer, 
investigated  on  the  growth  cf  crystalline  S:  ti;:n 
Lii.iT.  at  sur-sttate  temperature  as  low  as  3  0  0  °C.  for 
the  purpose  cf  developing  preparation  technique  cf 
Sr  thir.  film  for  the  electronic  devices  requiring 
large  area,  i  .e.  ,  display  devices,  sensors  or  solar 
ceils. 

The  precursors  giver,  in  the  form  of  SiHnFm  m-ir-3) 
were  made  by  decomposing  a  caseous  mixture  of  S1F4 
and  H2  by  plasma  or  mixing  F;  with  SiK< .  By 
supplying  atomic  hydrogen  or  F-relatea  agents,  c-Si 
thin  film  was  grown  at  a  growth  rate  of  more  than 
20  A/s  with  these  precursors  on  the  substrate  at 
such  a  low  temperature.  Si -epitaxy  was  performed 
on  a  c-Si(100)  substrate  at  300  °C  with  the  aid  of 
the  topological  restriction  on  the  substrate 
surface.  Some  local  equilibrium  is  considered  to 
be  preserved  between  sticking  and  chemical  etching 
for  these  precursors  to  promote  the  two  dimensional 
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crystal  growth.  Highly  ordered  structure  was 
observed  ir.  the  ep:-Si  films  by  the  measurements 
with  RHEEL,  X-ray  diffraction  and  Raman  scattering, 
hall  mobility  of  more  than  150  cm2/Vs  was  also 
obtained  in  the  epi-Si  film.  Chemical  affinity  of 
the  surface  was  also  assessed  as  an  important 
factor  for  the  epitaxial  growth  since  it  was 
difficult  to  make  the  epi-Si  from  the  precursors, 
SiHnFm,  on  either  CaF2  or  Sapphire  with  the  lattice 
constant  similar  to  that  of  c-Si.  Ke  will  discuss 
the  concept  of  "chemical  annealing  and  sintenng"ir. 
iespect  to  the  structural  relaxation  for  making 
crystalline  Si-netwcrk  at  low  temperature.. 

H3.7 

EFFECTS  OF  HYDROGEN  ATOMS  ON  PASSIVATION  AND  GROfTH  OF  MICROCRYSTALLINE 
SI.  Toshiaichi  ITO.  Tatsuro  YASUMATSU  and  Akio  HIRAKI.  Osaka 
University.  Suita.  Osaka.  Japan,  and  Hirokuni  IATABE.  Matsushita 
Electric  Industrial  Co. Ltd. .  Osaka.  Osaka.  Japan. 

Because  effects  of  bonded  H  atoms  on  Si  surfaces  are  important  to 
understand  passivation  effects  as  well  as  growth  aechanisa  of 
aicrocrystalline  Si.  we  have  investigated  H-covered  aicro-surfaces  of 
crystalline  Si  by  Means  of  infrared  spectroscopy,  diffraction 
technique  and  thermal  analysis  as  well  as  a  cluster  calculation  of 
molecular  orbitals.  The  system  treated  here  includes  anodized  porous 
crystalline  Si  which  has  huge  surface  area  ( — 200  -  800  a'/ca*) 
alaost  completely  covered  with  H  a tows. 11  and  is  coapared  with  aicro- 
crystalline  Si:H.  Actually,  infrared  spectra  Measured  show  alaost  the 
saae  features  for  the  porous  Si  and  the  aicrocrystalline  Si :H. 

Calculation  results  indicate  the  following:  (1)  Si  bonding  to  a 
surrounding  Si  atoa  is  weaker  with  increase  in  nuaber  of  H  atoas 
bonded  to  the  Si  atoa  concerned:  (2)  Such  weak  Si-Si  bondings  are 
also  easily  broken  by  attack  of  0  atoas:  (3)  Furtheraore.  the 
oxidation  of  the  H-covered  Si  at  Si  backbonds  of  SiH«  (n* 1—3)  is 
energetically  advantageous,  coapared  with  that  at  the  Si-H  bonds. 
Experiaental  results  on  the  initial  oxidation  process  of  the  porous 
Si.*'  which  are  clearly  shown  aainly  by  Beans  of  infrared  analysis 
of  Si-H  stretching  vibration  band  located  at  2000  -  2300  cm'1.  have 
been  consistent  with  the  calculation  results  above.  Results  on 
analysis  of  isolheraal  desorption  of  H  can  also  be  explained 
consistently.  Charge  redistributions  calculated  are  addressed  in 
relation  to  origins  of  peak  shifts  of  infrared  spectra  observed. 1  11 
Furtheraore.  the  cluster  calculation  predicts  possible  stable  H  sites 
at  Si  surfaces,  or  Si-H  bondings.  Froa  those  results,  possible 
effects  of  H  on  the  growth  aechanisa  of  the  aicrocrystalline  Si:H  are 
also  discussed. 


F.3.8 

A  DISCUSSION  OF  ELECTRONIC  OPTICAL  ABSORPTION 
SPECTRA  OF  NANOCRYSTALLINE  THIN  FILMS.  _ 

E  Bustarret.  Max-Planck-Institut  fur  Festkorperforschung, 
D-7000  Stuttgart  80.  FRG,  M.A.  Hachicha,  LEPES-CNRS,  BP  166X, 
F-3S042  Grenoble.  France. 

3oth  fully  crystallized'**  microcrystalline  layers  with  an  average  grain 
size  L  ranging  between  10  and  100  nm  and  mixed-phase  hydrogenated 
nanocrystalline  silicon  (doped  and  undoped)  films  have  been  studied 
a:  room  temperature  by  Photothermal  Deflection  Spectroscopy,  Trans¬ 
mission  Spectroscopy  and  Spectroscopic  EUipsometry.  The  resulting 
spectra  are  compared  with  similar  data  obtained  on  monocrystalline 
and  hydrogenated  amorphous  silicon. 

We  discuss  the  various  extrapolation  procedures  used  for  the  definition 
of  an  optical  gap  in  such  widely  differing  system.  We  then  focus  on 
near-  and  beiow-the-gap  absorption,  and  particularly  on  the  respective 
roles  of  free  carriers,  grain  boundary  disorder  and  hydrogen. 

HI. 9 

GROWTH  OF  M1CKOCRYS  I  Al. LINE  SILICON  IN  I'LTRATHIN 
1.^  KRS.  Yrun.litng  Wit*.  P  I).  Pri'-ans",  B  AbelrV,  Shu. Lin 
Wang*.  "Physics  Dept  ,  Rensselaer  Polytechnic  Institute,  Trov  NY; 
“F.xxon  Research  and  F-ngineei  ing  Co  ,  Annandale  NJ;  *  Physics 
Dept  .  University  of  Chicago,  Chicago  )L. 

Microcrystalline  silicon  particles  of  different  sizes  have  been  made 
by  thermal  annealing  of  amorphous  silicon/  silicon  dioxide  multi¬ 


layer  structures  at  temperatures  up  to  1000‘C.  The  Si  layer  thick- 
ness  was  varied  from  around  4  nm  to  10  nm.  Crystallization  tem¬ 
perature  measurements  confirm  our  previous  result  that  thinner 
layers  are  more  stable  against  crystallization.  Studies  of  optica) 
phonon  Raman  scattering  peak  shift  and  broadening  through  differ¬ 
ent  annealing  stages  have  been  related  to  phonon  coherence  length. 
Comparable  peak  shift  and  broadening  of  different  samples  at  dif¬ 
ferent  annealing  temperatures  and  progressive  shift  ana  broaden¬ 
ing  within  one  sample  reveal  the  growth  dynamics  of  microcryslal 
grain  boundaries.  Optical  transmission  and  photothermal  deflec¬ 
tion  spectroscopy  studies  have  also  been  performed  to  extract  the 
volume  fraction  of  microcrystal  Si.  We  model  the  whole  system  as 
amorphous/microcrystal  composite  and  discuss  the  nature  of  grain 
boundaries  and  thin  film  stability. 

H3.10 

PH CTOMC 2 ELATION  STUDY  OF  l.'Al.'OCRYSTALLIHE  HYDROGENATED 
SILICON.  L,  Cher,  and  J.  Tauc,  Brown  University, 
Providence,  RI;  2.  Vardeny,  university  of  Utah,  Salt 
Lake  City,  UT. 

Steady  state  and  transient  photomodulation  (PM)  spectra 
were  measured  in  nanocrystalline  Si:H  (nc-Si:H)  films 
in  the  spectral  range  from  C.25  to  1.25eV,  temperature 
range  from  80  to  3C0K  and  time  domain  from  10'7  to 
IC'-'sec.  The  crystalline  grain  size  of  the  samples 
varied  from  70  to  830A  In  the  spectra  one  can  see  the 
features  of  two  phases:  amorphous  and  crystalline.  A 
PM  band  at  high  energy  (0.8  to  l.OeV)  was  observed  which 
is  similar  to  that  in  a-Si:H  and  is  ascribed  to  the 
amorphous  phase.  Photoinduced  absorption  aa  -  was 
seen  at  low  energy  (0.25  to  0.5eV)  and  is  interpreted  as 
due  to  free  carriers  in  the  crystalline  phase.  Their 
decays  above  150K  can  be  described  by  a  stretched 
exponential  Aa  ■  exp[-(t/r )">J  which  extends  into  much 
longer  times  than  the  exponential  decays  due  to  the 
recombination  in  crystalline  Si.  A  model  for  trapping 
and  recombination  processes  associated  with  the 
presence  of  the  two  phases  is  proposed  and  compared  with 
the  experimental  results.  The  results  of  this  study  are 
shown  tc  be  compatible  with  a  two  phase  model.  They  also 
explain  why  the  steady  state  PM  response  is  much  larger 
in  nc-Si:K  than  in  c-Si. 

H4.1 

PROPERTIES  OF  BINARY  Si:H  MATERIALS  PREPARED  BY 
HYDROGEN  PLASMA  SPUTTERING.  Shoyi  Furukawa 
and  Tatsuro  Miyasato;  Kyushu  Institute  of 
Technology,  680-4,  Kawazu,  Iizuka-shi,  Fukuoka- 
xen  820,  Japan. 

We  have  prepared  the  binary  Si:H  materials  by 
means  of  a  reactive  sputtering  technique  in 
hydrogen  gas  onto  a  low  temperature  (about  100K) 
substrate.  The  obtained  materials  were  observed 
by  optical  absorption,  Raman  scattering,  and  X- 
ray  diffraction.  The  former  measurement  showed 
that  the  materials  have  a  wide  optical  gap  of  up 
to  2.4  eV,  and  contain  a  large  amount  of  hydro¬ 
gen  atoms.  These  features  are  quite  similar  to 
those  of  the  polysilane  alloys  prepared  by  di- 
silane-plasma  CVD  (1).  However,  the  latter  two 
measurements  showed  that  the  silicon  atoms  in 
the  materials  are  crystallized,  and  form  small 
crystalline  particles  surrounded  by  hydrogen 
atoms.  From  the  infrared  absorption  data,  the 
hydrogen  atoms  are  bonded  in  the  form  of  SiH^  or 
SiH,,  and  the  absorption  relevant  to  polysilane 
chains  is  hardly  observed.  Moreover,  the  infra¬ 
red  absorption  wavenumbers  correponding  to  bend¬ 
ing  modes  shift  to  higher  wavenumber  side  com¬ 
pared  with  those  of  the  polysilane  alloys.  These 
data  clearly  show  the  difference  between  the 
polysilane  alloys  and  the  present  Si:H,  and 
support  the  microscopic  model  stated  above.  The 
formation  of  microcrystalline  Si:H  by  the  hydro¬ 
gen  plasma  sputtering  with  a  moderate  growth 
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rate  may  be  possible  because  of  a  chemical 
process . 

H4 . 2 

<  i<!TK'\L  ui.yilw  or  banian  si*i-:ctho>coi,y  as  a  DI¬ 
AGNOSTIC  TOOL  FOR  SKMICONDITTOR  NAXOCHY- 
sTAl.S.  P.M.  Fauchet.  Princeton  l'..  Princeton  .VI  Os'.  I  1. 

Human  speclrosropy  lias  been  used  extensively  to  investigate 
various  properties  of  nanocrvstalline  semiroiiduclors.  such  as 
siite,  shape,  composition,  orientation,  and  stress.  Simples  theories 
have  been  developed  and  applied  successfully  to  the  determina¬ 
tion  of  grain  size  and  shape  [lj.  There  remain  several  unsettled 
issues,  especially  concerning  the  influence  of  grain  boundaries  and 
free  surfaces  cut  the  Human  spectrum.  It  appears  clear  that  the 
vibrational  properties  of  the  atoms  on  the  outer  shell  of  the 
grains  reflect  the  nature  of  the  bonding  at  the  grain  boundaries 
which  in  t urn  control  the  electronic  properties  of  microcrvstalline 
semiconductors.  In  this  presentation,  a  critical  review  of  Raman 
spectroscopy  as  a  diagnostic  tool  for  nanocrystalline  objects  is 
given. 

H4 . 3 

RAMAN  SCATTERING  FROM  MICROCRYSTALLINE  FILMS: 
CONSIDERATIONS  OF  COMPOSITE  STRUCTURES  WITH 
DIFFERENT  OPTICAL  ABSORPTION  PROPERTIES.  R.J.  Nemanich, 
Y.M.  LeGrice  and  R.E.  Shroder,  Dept,  of  Physics,  and  Dept.  Materials 
Science  and  Engineering,  North  Carolina  State  University,  Raleigh,  NC 
27695;  and  J.B.  Boyce,  Xerox  Palo  Alto  Research  Center,  Palo  Alto,  CA 
94304 

Raman  scattering  measurements  are  often  used  to  characterize  the  atomic 
bonding  in  semiconducting  films.  One  aspect  that  is  often  ignored  is  the 
different  optical  absorption  of  the  amorphous  and  crystalline  components 
of  the  films.  A  model  is  described  which  addresses  the  properties  of 
Raman  scattering  from  composites  of  materials  of  different  optical 
absorption.  The  analysis  shows  that  the  observed  spectra  is  dependent  on 
both  the  percentage  of  the  components  and  in  the  domain  size  of  the  more 
highly  absorbing  materials.  Experimental  measurements  were  made  on 
composite  samples  prepared  from  powders  of  diamond  and  gTaphite. 
This  system  is  an  extreme  example  of  the  problem,  and  excellent 
agreement  is  obtained  between  the  model  and  the  experimental  results. 
The  results  are  applied  to  the  analysis  of  carbon  films  which  exhibit 
diamond  and  disordered  graphitic  structures  and  microcrystalline  silicon 
prepared  by  magnetron  sputtering  or  excimer  laser  exposure  of 
hydrogenated  Si.  The  results  were  analyzed  in  terms  of  the  model  for 
Raman  scattering  from  composite  materials.  The  experimental  results 
reflect  the  length  scales  of  the  domains  and  vibrational  excitations. 

H4 . 4 

PHONON  STATES  IN  SiC  SMALL  PARTICLES. 

Y,  Sasaki  and  C.  Horie,  Ishinomaki  Senshu 
University,  Ishinomaki  986,  Japan;  and 
Y.  Nishina,  IMR,  Tohoku  University,  Sendai  980, 
Japan . 

Size  dependence  of  optical  phonon  frequencies 
and  phonon  dampings  of  SiC  small  particles  has 
been  studied  by  analysing  their  Raman  data  taken 
at  room  temperature.  The  particle  size  ranges 
from  30  nm  to  1  urn.  The  decrease  in  the 
particle  size  yields  the  result  that  (1)  the  TO- 
phonon  frequency  decreases,  (2)  the  damping 
increases,  and  (3)  the  splitting  between  the  LO- 
and  TO-phonon  frequencies  (LT  splitting)  de¬ 
creases.  The  damping  up  to  800  K  includes  a 
temperature  -  independent  term  besides  the 
temperature-dependent  term  which  is  present  in 
the  bulk  crystal.  These  results,  except  <3), 
clearly  show  the  evidence  that  the  TO-phonon 


(polariton)  is  scattered  at  the  particle 
surface.  The  decrease  in  the  LT  splitting  is 
attributed  to  absence  of  the  macroscopic 
electric  field  which  would  be  present  due  to 
surrounding  atoms  in  the  case  of  the  bulk 
crystal.  It  is  noted  that  the  particle  consists 
of  a  number  of  crystallites  and  that  the  Raman 
spectra  are  characterized  by  the  particle  size 
rather  than  the  size  of  crystallites  constit¬ 
uting  the  particle.  This  result  suggests  that 
the  surface  phonon  -  polariton  mode  at  the 
interface  between  the  crystallites  plays  a  minor 
role  in  the  Raman  spectrum  of  particles  consist¬ 
ing  of  a  number  of  microcrystals. 

H4.5 

MODELLING  INTERBAND  OPTICAL  SPECTRA  Of  MICROCRYSTALLINE 
WIDE  BAND  GAP  SEMICONDUCTORS  (Y,0c  ,  AIN.  BN)  USING  THE 
COHERENT  POTENTIAL  APPROXIMATION.  Carolyn  Rubin  flita. 
Materials  Department  and  the  Laboratory  for  Surface 
Studies,  Uni versi ty  of  Wisconsin-Milwaukee,  P.0.  Box  784, 
Milwaukee,  Wisconsin  S32C1 . 

This  paper  deals  with  the  use  of  the  coherent  potential 
approximation  for  analysis  of  the  ultraviolet-visible 
optical  absorption  spectra  of  several  roicrocrystall ine 
wide  band  gap  semiconductors.  The  spectra  of  these 
materials,  V?0C,  AIN,  BN,  have  a  long  low  energy 
exponential  tall  followed  by  a  higher  energy  region  in 
which  the  absorption  coefficient  varies  slowly  with 
incident  photon  energy.  The  Tauc  model,  which  is  based 
on  a  random  phase  approximation,  fails  to  present  an 
integrated  picture  of  absorption  -in  both  regions. 

Using  the  coherent  potential  approximation  (1),  we 
determine  three  interrelated  optical  parameters  for 
each  material :  the  energy  band  gap  of  the  perfect 
virtual  crystal,  the  energy  band  gap  of  the  disord¬ 
ered  microcrystalline  material,  and  the  slope  of  the 
exponential  increase  of  the  absorption  coefficient 
with  increasing  energy  at  the  onset  of  the  fundamental 
optical  absorption  edge,  "he  types  of  disorder  implied 
by  tnis  model  are  discussed. 

H4 . 6 

N0NL1SEAI  OPTICAL  PROPERTIES  Of  STRUCTURED  NANOPARTICLE 
COMPOSITES.  Meyer  H.  birnboim,  Wei  Ping  Ma  and  Cuang  Mei, 
Rensselaer  Polytechnic  Institute,  Troy  N'T’. 

The  effective  nonlinear  susceptibility  for  a  composite 

of  a  dilute  suspension  of  structured  me tal/semiconductor 
nanoparticles  that  utilizes  the  surface  mediated  plasmon 
resonance  can  be  enhanced  bv  orders  of  magnitude  compared  to 
the  intrinsic  \  ^  for  a  film  of  the  same  semiconductor. 
Calculated  enhancements  as  large  as  lO*  have  previously  been 
reported  for  concentric  sphere  polymeric  containing 
nanoparticles1  .  Here  we  report  calculations  for  various 
n3nopart icle  models  consisting  of  concentric  spheres  with  a 
semiconductor  core  and  metallic  shell,  or  a  metallic  core 
and  semiconductor  shell.  Other  geometries  include  the 
concentric  ellipsoid  and  dumbbell  models.  The  semiconductors 
are  CdS  and  CdSxSe1.x  and  the  metals  are  Al ,  Au  and  Ag. 
Enhancements  are  obtained  in  both  and  figure  of  merit 

with  no  degradation  in  the  intrinsic  speed  of  the 
nonlinearity. 

The  choice  of  geometrical  parameters  and  of  component 
materials  permit  tailoring  of  the  wavelength  dependence  aid 
bandwidth  characteristics  of  the  nonlinear  response. 
However,  fabrication  of  these  structured  nanoparticle 
suspensions  remains  the  key  challenge. 
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H5. 1 


•  'PTwElXCTKOKICS  AKL'  PHOTOVOLTAIC  APPLICATION’S  OF 
I CHOCRYSTALL1NE  SiC.  Y.  Homakawo,  G.  Hirata, 
Y ,  Matsun;otc ,  M.K.  liar,  and  H.  Okamoto,  Faculty  of 
Enciineering  Science,  Osaka  University,  Toy^naka, 
Osaka,  560  ,  Japan 

A  review  is  given  on  the  recent  progress  of 
the  physics  and  technology  of  microcrystalline 
silicon  carbide  (uc-SiC)  and  their  application  to 
optoelectronic  devices.  First,  historical 
background  of  glow  discharge  uc-Si  and  their 
preparation  technology  transition  up  to  ECR 
(Electron  Cyclotron  Resonance)  CVD  are  briefly 
demonstrated  together  with  their  physical 
properties  and  solar  cell  applications  as  a  highly 
conductive  electrode.  Second, a  series  of  technical 
data  on  highly  conductive  P  and  N  type  uc-SiC 
prepared  by  ECR  plasma  CVD  has  been  presented 
together  with  their  optical  and  electrical 
properties,  and  also  valency  electron  control¬ 
lability.  Finally,  recent  achievements  of  opto¬ 
electronic  devices  applications  are  presented. 

In  the  solar  cel]  application  field,  15.5%  and  12% 
efficiency  have  been  achieved  with  the  structure 
of  ITO/P  type  uc-SiC/N  type  poly  Si  and  P  type 
-c-SiC/I  type  a-Si/N  type  uc-Si  hetro junction  ceil 
respectively.  A  visible  light  injection  type 
Electroluminescence  Thin  Film  Diode  might  also  be 
a  promising  optoelectronic  device  as  an 
application  of  uc-SiC.  Possibility  of  other 
devices  such  as  an  imaging  device  will  be  also 
overviewed  and  discussed  from  the  current  RsD 
aspects . 

H5.2 

AX  DPI- HIVE  AM  MI  UR 0  UK YSTALL I NE  SIC  PREPARED  BY 
rULYMER.  ROUTE.  C-J.  Chu,  Florence  Bcbonneau 
ar.  i  V  . :  .  Mackenzie,  Department  of  Material 
Crier.ce  a  r.  d  Engineering,  University  of 
California,  Los  Angeles,  UA97C24 


Amorphous  SiC:H  thin  films  have  been  deposited 
or.  different  substrates  using  metal-organic 
solutions.  Dopants,  such  as  E,p  have  beer, 
introduced  at  the  molecular  level  during  the 
precerartic  polymer  synthesis.  After  different 
fi'ing  schedules,  microcrystalline  SiC  with 
vary-ng  crystallite  size  car.  be  produced. 

Using  electron  spin  resonance  the  major  defect 
these  polymer  synthesized  ceramics  is 
identified  as  C-dangiing  bonds.  Additionally, 
tr.e  ESP-  results  show  that  heat  treatment  in 
:  .''’rover,  can  decrease  the  C-dangiing  bond 
content.  Presumably  the  C-dangiing  bonds  are 
eliminated  through  C-H  bond  formation.  IR 
spectra  confirm  the  increase  in  H  concentration 
produced  through  heat  treatment .  Electrical  and 
optica,.  properties  cf  the  hydrogenated  amorphous 
SiC  have  also  beer,  studied. 

H5.3 

Characterization  of  Amorphous  Carbon  Thin  Films. 
K.-H,  Cho.  K.M.  Krishnan,  D.K.  Veins,  M.D.  Rubin.  Lawrence 
Berkeley  Laboratory.  Berkeley,  CA  94720;  B.  Bushan,  IBM 
Research  Division,  San  Jose,  CA  95120;  and  D.B.  Bogy,  Dept,  of 
Mechanical  Engineering,  Univ.  of  Cal.  at  Berkeley,  CA  94720 

Amorphous  carbon  films  have  recently  received  considerable 
attention  due  to  their  unusual  and  attractive  properties,  e.g. 
extreme  hardness,  high  electrical  resistivity,  infrared 
transparency  and  chemical  inertness.  These  macroscopic 


properties  have  been  explained  by  suggesting  that  the 
amorphous  state  of  carbon  contains  graphitic  microcrystals 
with  extensive  sp3  cross-linking. 

In  this  study,  a  systematic  approach  is  being  taken  to 
investigate  the  microstructure,  electronic  bonding,  and  the 
physical  and  optical  properties  of  amorphous  carbon  thin 
films.  The  films  are  grown  on  Si  and  NaCl  substrates  using 
ion-beam  sputtering  deposition  techniques.  The  effects  of 
hydrogen  concentration,  sputtering  power  density  and 
substrate  temperature  on  the  film  properties  are  being 
investigated.  Each  series  of  films  are  produced  by  varying  one 
parameter  and  keeping  all  the  other  parameters  fixed. 

Films  vary  over  a  wide  range  as  a  function  of  the  deposition 
conditions.  In  particular,  the  hydrogen  content  plays  a  critical 
role  in  the  properties  of  these  films.  The  microstructure  and 
the  electronic  bonding  of  the  films  are  characterized  using 
electron  energy  loss  spectroscopy,  Raman  spectroscopy,  and 
optical  spectroscopy.  The  relationship  between  the  chemical 
structure  and  the  properties  are  examined.  Finally,  the 
correlation  between  these  different  characterization  techniques 
are  evaluated  in  this  paper. 

H5.< 

Tin:  EFFECT  OF  HYDROCiLN  OX  Till'.  STRI  CTURE  AND 
KI.KOTKO-OITICAL  PROPERTIES  OF  SlLIOO.V 
OERMANU’M  ALLOYS.  1.11.  Campbell.  P.M.  Eaurliet,  I'nnrc- 
Inti  F  1‘nnccton  XJ  (IS. and  C.M.  Fortmann.  D.E.  Al¬ 
bright.  Delaware.  Xewark  DE  19116. 

I’hoto-CVl)  is  used  to  deposit  niicrocrystalline  (//<•)  and  amor¬ 
phous  SiCicM  films.  Temperature,  pressure  and  hydrogen  dilu¬ 
tion  control  the  final  hydrogen  content,  and  thus  the  optical 
ban  Igap  and  electronic  transport.  We  have  identified  the  condi¬ 
tions  that  lead  to  the  targetted  II  content  and  we  have  been  able 
to  relate  t he  film  composition  and  properties  to  the  deposition 
chemistry  thanks  to  the  well  defined  gas  phase  chemistry.  The 
bonding  of  H  is  studied  by  IR  absorption.  Raman  scattering  and 
11  thermal  evolution,  and  the  II  content  is  measured  by  SIMS 
and  IR  absorption. 

Iu  Si  Ce  alloys,  II  is  found  to  bond  preferentially  to  Si  while  Si 
and  Ge  mix  randomly  resulting  in  a  statistical  distribution  of 
clusters.  At  the  highest  H  radical  fluxes,  the  selective  etching  of 
"amorphous”  surface  atoms  leads  to  microcrysiallinity  and  re¬ 
duced  H  concentration.  The  etch  rate  is  studied  as  a  function  of 
the  reaction  conditions.  In  pc  alloys.  H  forms  polyhydrides  at 
the  grain  boundaries.  The  electrical  transport  (measured  by  the 
fir  product)  of  pc  alloys  is  inferior  to  that  of  amorphous  alloy’s 
having  the  same  Si-Ge  composition.  The  effect  on  the  electrical 
properties  of  annealing  at  moderate  temperature  to  drive  off  the 
polyhydrides  will  be  reported. 

H6.1 

OPTICAL  PROPERTIES  OF  MICROCRYSTALLINE  SILICON. 
Martin  Ingels,  Martin  Stutzmann.  and  Stefan  Zollner,  Max-Planck- 
Inslitut  fur  Festkorperforschung,  D-7000  Stuttgart  80,  FRG. 

We  have  studied  the  optical  properties  of  pc-Si  in  the  energy  range 
between  0.4  and  6  eV  by  a  combination  of  photothermal  deflection 
spectroscopy,  optical  transmission  measurements,  and  spectroscopic  el- 
lipsometry.  In  addition,  structural  features  of  our  samples  were  probed 
with  Raman  spectroscopy.  pc-Si  samples  were  obtained  by  recrystal¬ 
lization  of  thin  a-Si-.H  films  at  various  temperatures,  in  order  to  produce 
pc-Si  with  different  crystallite  sizes. 

The  optical  data  indicate  that  the  absorption  coefficient  in  the  sub-gap 
region  (hu>  <  1  eV)  is  fairly  independent  of  the  crystallite  size  and  even 
changes  very  little  across  the  amorphous- to- microcrystalline  transition. 
Larger  changes  occur  in  the  energy  region  between  the  indirect  gap  and 
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the  first  direct  gap  of  crystalline  Si  (Ex  ss  3.4  eV).  It  is  also  found  that 
the  width  of  the  Ei  peak  in  the  spectra  of  the  imaginary  part,  tj,  of 
the  dielectric  constant  provides  a  good  measure  for  the  crystallite  size 
as  determined  from  Raman  experiments. 

H6.2 

ROOM  TEMPERATURE  EXCITONIC  A8S0RPTI0N  IN  SMALL  CdS 
CRYSTALLITES.  D.K.  Rai  and  Binod  Kumar.  University  of 
Dayton  Research  Institute,  Dayton,  OH  45469 

The  absorption  characteristics  of  commercial  CdS- 
containing  yellow  glass  which  shows  constant  transmitted 
intensity  (intensity  limiting)  over  a  range  of  incident  CW 
laser  intensity  (at  a  few  watts)  have  been  studied  at  room 
temperature.  Though  the  thick  specimen  (t  >  0.5  mm)  shows 
only  a  broad  step-like  feature  near  X  >  460  nm,  a  thin 
(t  -  0.09  mm)  shows  two  absorption  features  which  can  be 
interpreted  as  the  first  two  quantum-confined  exciton 
absorption  features  corresponding  to  a  crystallite  size  of 

-45  A.  The  absorption  spectrum  of  a  sample  (t  -  0.5  mm) 
Seated  for  15  min.  at  700'C  shows  two  new  absorption 
ieatures  at  440  nm  and  380  nm,  which  correspond  to  a  much 

smaller  crystallite  size  of  -25  A.  This  reduction  in  size 
is  not  inconsistent  with  estimates  made  from  a  well-known 
model  for  crystallite  growth.  Some  consequences  of  these 
changes  in  the  absorption  features  on  the  optical  non- 
linearities  of  the  glass  will  be  discussed. 

H6.3 

"ARTICLE-SIZE  DISTRIBUTION  OF  CdSe  QUANTUM  DOTS 
DETERMINED  BY  PHOTOLUMINESCENCE  SPECTROSCOPY. 
E.N.  Prabhakar,"  C.A.  Huber.*  and  D.  Hciman,  Francis  Bitter  National 
Magnet  Laboratory.  MIT,  Cambridge,  MA  02139 

Panicle  size  distribution  effects  on  the  energy  levels  of  semiconductor 
.|uantum  dots  arc  investigated.  By  examining  the  low  temperature  pho- 
loiuminescence  spectra  of  microcrystals  of  the  binary  semiconductor  CdSe 
.  mbedded  in  a  glass  matrix,  the  distribution  of  energy  levels  due  to  three 
dimensional  confinement  is  determined.  Calculations  of  the  electron-hole 
pair  ground  state  energy  provide  a  relation  between  confinement  energy 
and  panicle  diameter.  This  allows  conversion  of  the  photoluminescence 
:  ineshape  directly  into  a  distribution  of  panicle  radii  and  facilitates  analysis 
.T  the  ot  erved  propenies  of  the  material. 

H6.4  ABSTRACT  NOT  AVAILABLE 


H6.5 

STUDIES  OF  FORMATION  AND  STRUCTURE  OF  GeS,-GaS,  5-CdS 
SEMICONDUCTING  GLASSES.  Suzanne  Barnier,  Micheline  Gurnard, 
Laboratoire  de  Chimie  Minerale,  Faculte  des  Sciences  Pharmaceutiques  ei 
Biologiques  de  Paris  V,  4  av.  de  l'Observatoire.  75270  Paris  Cedex  06, 
France,  and  Christian  Julien.  Laboratoire  de  Physique  des  Solides, 
I  niverstte  Pierre  et  Mane  Curie,  4  pi.  Jussieu,  75252  Paris  Cedex  05, 
France. 

The  glass  formation  domain  of  the  GeSj-GaS]  5  semiconducting  glasses 
doped  with  CdS  has  been  studied  over  a  wide  range  of  composition.  The 
ternary  system  has  been  synthesized  by  dissolving  cadmium  sulphide  with 
up  to  40%  CdS.  Differential  thermal  analysis  is  used  to  investigate  the 
crystallization  behaviour  of  these  glasses. 

Structural  studies  have  been  done  by  means  of  infrared  and  Raman 
scattering  spectroscopies.  In  these  experiments,  informations  on  the 
modifying  role  of  cadmium  sulphide  additior  in  the  binary  matrix  have 
been  studied.  The  GeS4  tetrahedral  units  remain  upon  CdS  doping  but  at 
high  concentration  a  new  manifestation  of  the  dopant  is  the  appearance  of 
S-S  bonds. 


H6.6 

OPTICAL  AND  MICKOSTRUCTURAL  CHARACTERIZATION  OF 
THIN  FILM  CuInSe2  FOR  PHOTOVOLTAIC  APPLICATIONS. 
3ohn  R,  Tuttle.  David  S.  Albin,  and  Rommel  Nouh,  Solar  Energy 
Research  Institute,  Golden,  CO 

Thin  film  CuinSe2  based  photovoltaic  devices  exhibit  efliciencies 
exceeding  14%.  The  electro-optical  and  niicrostrueiuro  properties 
of  the  material  are  highly  dependent  on  film  stoichiometry  and 
deposition  parameters,  and  are  dominated  by  the  degree  and  manner 
of  microcrystallinity,  such  as  rough  surfaces  and  secondary  phases 
(Cu2.{Se)  at  free  surfaces  and  grain  boundaries.  Electro-optical 
and  structural  characterization  of  thin  film  Culr>$e2  as  a  function  of 
composition  is  accomplished,  in  part,  by  spectrophotometry,  Hall 
effect,  and  X-Ray  diffraction  measurement  techniques. 

For  very  Cu-poor  material  (at.%  Cu  <  22)  with  high  bulk  p,  the 
electro-optical  benavior  is  characterized  by  a  microsiructure  of 
small  multi-phase  grains  of  a  mixed  tetragonal/cubic  nature,  free  of 
secondary  precipitates.  For  intermediate  bulk  p's  and  compositions 
(22  <  at.%  Cu  <  25),  the  microstructure  appears  as  larger  grains  of  a 
mixed  tetragonal/cubic  nature,  with  an  increasing  amount  of 
Cu2.sSe  at  grain  boundaries.  The  Cu2.sSe  may,  or  may  not, 
contribute  to  electrical  conduction  and/or  the  absorption  of  light. 
For  Cu-rich  compositions  (at.%  Cu  >  25),  the  microctystalline 
structure  may  take  on  a  profoundly  different  character.  The  near 
stoichiometric  single  phase  grain  is  now  a  component  of  a  mixed 
phase  aggregate  that  includes  semi-metatlie  Cu2,,Se  sufficient  to 
dominate  the  conductivity  and  optical  behavior.  The  mixed  phase 
aggregate  is  not  optimal  for  photovoltaic  applications. 

In  this  report,  a  full  discussion  of,  but  not  limited  to.  Hie  above 
phenomena  and  their  effects  on  photovoltaic  device  performance 
will  be  presented. 

H6.7 

THERMAL  ANNEALING  OF  AMORPHOUS  CoNi.NlO  FILMS  ON 
uXiDlLED  Si  SUBSTRATE.  'Ian  Hui,  Lao  Mmgae,  tin 
long,  and  Han  Ying,  Xinjiang  institute  of  Pnvsics 
Acaaerr.ia  Simca,  Wulumuqi  830011,  Xinjiang, 
China;  and  Lin  Cnenglu,  and  Lou  Shichanq,  ion 
beam  Laboratory,  Shanghai  institute  of  Metallurgy 
Acaaemia  Simca,  Shangnai  200050,  china 

Amorphous  CoMnNiu  films  nave  oeen  shown  to  be  a 
suitable  material  for  fabrication  negative  tem¬ 
perature  coefficient  thermistor.  Tne  CoMnNiO 
films  were  deposited  on  oxidized  Si  substrate  by 
rf  sputtering  equipment.  A  sinter  mixture  of 
C°203,  MnU2  ,  and  NiO  was  used  as  the  target.  The 
sample  were  tnermally  annealed  at  550-1x00  C  for 
4  hours  and  rapid  thermally  annealed  at  1000- 
i2UCcC  for  30  seconds  in  02  or  Ar  atmosphere. 
Using  x-ray  diffraction,  infrared  absorption, 
Auger,  Ran, an  and  resistance  measurements,  we  have 
studied  the  compositions,  structures  and  elect¬ 
rical  properties  of  the  CoMnNiO  films.  It  is 
found  that  the  atomic  ratio  of  Co,  Mr,,  Ni,  and  o 
is  7:6:2:10.  Tne  structure  of  the  as-deposited 
films  is  amorpnous  state.  A  phase  transition 
from  amorphous  to  polycrystalline  states  ig  od- 
served  after  thermal  annealing  at  b00-il0CoC  for 
4  hogrs  and  rapid  thermal  annealing  at  1000- 
1100  c'  for  30  seconds.  The  analytical  results 
snow  that  the  polycrystalline  states  are  NiMn2L>4 
CoMn204  and  CoO.  The  conductivity  of  the  films 
decreases  after  annealing  at  temperature  below 
b00cC  and  nigner  than  800cC.  However,  after 
annealing  at  600-800°C  the  conductivity  in¬ 
creases.  Using  tne  CoMnNiO  films  we  have  fabri¬ 
cated  the  tnermistor,  which  exhibits  a  short 
responsive  time  and  a  good  stability. 
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H6.8 

THE  CRAPHITIZATION  OF  A-C : H  FILMS  DURING  THERMAL 
ANNEALING.*  Shuhan  Lin,  Shuguang  Chen,  and  Dane 
mo,  Department  of  Physics,  Zhongshan  University, 
Guangzhou,  China. 

The  diamond-like  A-C:H  films  were  obtained  from 
the  decomposition  of  acetylene  or  bezene. 
Annealing  Has  carried  out  in  Ar  ambient.  The 
optical  properties  (e.g.  the  optical  gap  Eopt , 
the  extinction  coefficient  K,  and  the  refraction 
index  n)  were  measured  by  a  spectroscopic 
ellipsometer .  The  electrical  conductivity  was 
provided  by  dc  conduction  measurement  in  planar 
or  sandwich  structure.  The  structure  of  the 
films  was  characterized  by  Raman  spectroscopy , 
infrared  absorption,  and  scattering  electronic 
microscope . 

We  found  that  not  only  the  optical  properties, 
but  also  the  electrical  conductivity,  the  Raman 
spectra  and  the  infrared  spectra  changed 
remarkably  when  the  annealing  temperature  was 
over  a  critical  value. 

The  results  indicate  that  the  incorporated 
hydrogen  concentration  is  an  important  parameter 
in  determining  the  structure  and  properties  of 
the  films.  Once  most  of  the  hydrogen  has  been 
driven  out.  as  indicated  by  infrared  absorption 
of  C-H  bond,  the  graphitization  takes  place  and 
the  microcrystal  graphite  can  be  found  in  the 
annealed  samples.  It  is  the  structure  change 
which  causes  the  properties  change  of  the  films. 


H6 . 9 


,  REPARATION  AND  CHARACTERIZATION  OF  COLLOIDAL 
Mc&,  MICROCRYSTALS.  Enliab  Lv,’  ■  P.D.Persans’ ,  A.  Rupperf' 
r.r.d  R.  Chianellr;  ’Physics  Department ,  Rensselaer  Polytechnic 
Institute,  Troy  NY;  ■'Exxon  Research  and  Engineering  Co.,  Atnan- 
aaie  NJ 


man  scattering  spectroscopies  of  the  doped  samples  as  a  function  of  the 
32He/SiR<  and  PHj/SiH*  ratios  shows  how  the  crystalline  fraction  and 
the  grain  size  drop  with  doping.  The  presence  of  phosphorus  induces  a 
transfer  of  the  infrared  Si-H  stretching  mode  absorption  from  the  2100 
to  the  2000  cm-1  line  while  retaining  the  111  texture  of  the  undoped 
layer.  This  texture  is  gradually  lost  upon  boron  doping,  while  the  hy¬ 
drogen  bonding  is  affected  only  at  our  maximum  B?H«/SiH«  ratio  of 
10-s.  In  this  particular  case,  the  rt  dc  conductivity  is  2  fU'cm'1  and 
the  Hall  mobility  15  cmJV_ls*‘  for  a  solid  phase  density  of  10*®  boron 
at  cm”3.  At  the  maximum  P  incorporation  (8  xlO^cm-3),  the  rt  dc 
conductivity  reaches  30  n-1cm_1  for  a  Hall  mobility  of  55  cm*V"1s"1. 


H6.il 

SUPPRESSION  OF  ACCEPTOR  DEACTIVATION  IN  SILICON  BY 
ION  IMPLANTATION  DAMAGE.  K  Srikanth  and  S.  AshoL 
Department  of  Engineering  Science  &  Mechanics  and  Center  for 
Electronic  Materials  &  Processing ,  The  Pennsylvania  State  University, 
University  Park,  PA  16802 


The  introduction  of  atomic  hydrogen  in  Si  by  ion  implantation  or 
plasma  processing  results  in  a  number  of  interesting  phenomena, 
including  donor  generation,  acceptor  neutralization,  and  defect/grain 
boundary  passivation.  While  studying  atomic  hydrogen  passivation  of 
Ar  ion  implant  damage  in  Si,  we  have  found  evidence  of  suppression 
rsf  acceptor  deactivation  by  the  previous  Ar  implanted  surface  layer. 


(100)  p-Si  wafers  of  1-10  ohm-cm  resistivity  were  implanted  at  room 
temperature  with  20  keV  Ar  (1012  -  1015  cm'2  dose),  followed  by  H 
implantation  at  0.4  keV  from  a  Raufmann  source  to  a  fluence  on  the 
order  of  1018  cm'2.  The  samples  were  evaluated  by  spreading  resistance 
as  well  as  the  properties  of  subsequently  fabricated  Schottky  contacts. 


Spreading  resistance  measurements  indicate  deactivation  of  acceptor 
dopants  on  samples  that  were  hydrogenated  without  Ar  implants,  as 
has  been  widely  reported  in  the  literature.  The  depth  of  the  acceptor 
deactivation  is  about  6#im,  while  the  surface  concentration  of  holes 
drops  by  a  factor  of  200.  However,  the  deactivation  is  considerably 
reduced  in  samples  that  were  pre-implanted  with  Ar,  and  is  almost 
fully  suppressed  for  an  Ar  dose  of  10’5  cm'2. 


TVanzltion  metal  sulfides,  such  as  MoSj,  consist  of  two- 
dimensional  chalcogen-metal-cltalcogen  layers  which  are  weakly 
bonded  to  one  another  in  the  third  dimension.  Their  optical,  elec¬ 
tronic  and  mechanical  properties  are  therefore  quite  anisotropic. 
These  materials  are  also  of  wide  practical  interest  with  applications 
including  lubricant  additives,  battery  electrodes  and  hydrotreating 
catalysts. 

We  have  prepared  MoSj  microcrystalline  colloids  by  a  variety  of 
techniques  including  direct  chemical  synthesis  and  chemically,  ther¬ 
mally  and  ultrasonieally-aided  splitting  of  larger  crystals.  We  have 
performed  temperature-dependent  optical  absorption,  photoiumi- 
nesccncc  and  resonant  Raman  scattering  on  both  suspended  and 
dried  colloidal  dispersions  in  order  to  elucidate  the  effects  of  parti¬ 
cle  size,  surfaces,  and  phase.  Dielectric  effective  medium  effects  are 
particularly  important  because  the  particles  are  platelet-shaped  and 
iiavc  large  in  the  wavelength  region  of  Interest,.  We  have  observed 
a  small  resonant  enhancement  of  the  vibrational  Raman  mode  at 
409  cm*1  a*  the  excitation  energy  is  tuned  tnroueh  the  B  exeiton 
peak  at  room  temperature  whereas  no  resonant  enhancement  is  ob¬ 
served  for  the  383  cm*1  mode.  We  will  discuss  Raman  scattering 
results  in  terms  of  excoton-phonon  coupling. 


H6.10 

TRANSPORT  PROPERTIES  OF  B-,  P-DOPED,  AND  UNDOPED 
-,0  kHz  PECVD  MICROCRYSTALLINE  SILICON. 

M.  A.  Hachicha,  E.  Bustarret.  LEPES-CNRS,  BP  166X,  F-38042  Greno- 
ole,  France. 

0’ndoped  silicon  layers  with  a  crystalline  fraction  around  95%  are  ob- 
■ained  at  350*C  by  50  kHz  triode  PECVD  in  a  Hj/SiR»  mixture.  Their 
average  grain  size  is  20  nm,  with  H  contents  below  2  at%  and  spin  den¬ 
sities  in  the  10'*  cm-3  range.  These  500  nm-thick  films  yield  at  room 
temperature  (rt)  a  dc  conductivity  of  3  xl0~,fl*1cm*1  and  a  Hall 
mobility  of  8  xlO*2  cmJV_1s_I. 

The  study  by  SIMS,  infrared  absorption,  grazing  angle  X-ray  and  Ra¬ 


The  results  tend  to  support  the  presence  of  Si  microcrystallites  in  ion 
implanted  (but  unannealed)  layers,  as  well  as  the  passivation  of  their 
grain  boundaries  by  atomic  hydrogen  along  with  the  suppression  of  H 
migration  further  into  Si  by  the  microcrystallites.  Additional  results  to 
be  presented  include  the  effect  of  hydrogen  implants  on  polycrystalline 
Si  deposited  on  crystalline  Si,  and  dopant-implanted  crystalline  Si. 

H6.12 

ENHANCED  NONLINEAR  OPTICAL  RESPONSE  OF  COATED 
NAN  OP  ARTICLES.  N.  Kalyauiwalla.  JAW  Hans.  Mil.  Hiruboim  and 
W.P.  Ma,  Rensselaer  Polytechnic  Institute,  Troy.  NY  ami  R.  lnguva. 
University  of  Wyoming.  Laramie,  \VY 

We  study  coated,  nanometer-size,  ellipsoidal  panicles  that  have  a 
semiconductor  or  polymer  core  surrounded  by  a  metal  coating.  We 
predict  that  composite  materials  containing  these  particles  will  have 
much  larger  enhancement  of  the  nonlinear  optical  response  than  had 
previously  been  found  by  using  semiconductor  colloid  suspensions  or 
semiconductor  -  doped  glasses.  The  enhancement  is  due  to  the  surface 
plasmon  resonance  from  the  metal  dielectric  constant  that  increases  the 
local  field  in  the  core  material.  The  frequency  of  the  resonance  and  the 
enhancement  depend  upon  the  particle  shape  and  the  coating  thickness, 
as  well  as  on  the  specific  materials. 

We  demonstrate  the  enhancement  by  calculating  the  optical  phase 
conjugate  signal  using  an  effective  medium  approximation.  Tite 
effective  Kerr  coefficient  can  be  much  larger  than  for  semiconductor  - 
doped  glass  alone  and  the  response  time  remains  fast. 

Also,  we  discuss  a  novel  optical  bistability  for  these  new  materials  and 
show  that  the  threshold  intensity  for  optical  bistability  can  be  greatly 
reduced  by  using  the  coated  particles.  The  switching  intensity  can  be 

ty 

reduced  below  lOOKW/cm". 
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H6.I3 

the  effect  of  hicrocrystallinity  on  interband  optical 
TRANSITIONS  IN  SPUTTER  DEPOSITED  ZIRCONIA.  C.-K.  Kwok 
and  C.R.  Alta,  Materials  Department  and  Laboratory  for 
Surface  Studies,  University  of  Wisconsin-Milwaukee ,  PO 
Box  784,  Milwaukee,  WI  S32011.  E.  Kolawa,  California 
Institute  of  Technology,  116-81,  Pasadena,  CA  91125. 

The  formation  of  a  0  phase  in  coexistence  with  an  a 
phase  in  sputter  deposited  zirconia  films  is  a  conse¬ 
quence  of  microcrystallinity,  resulting  trom  the 
dominance  of  the  surface  free  energy  contribution  to 
the  Gibbs  free  energy  when  the  crystallite  surface 
area-to-volume  ratio  exceeds  a  critical  value.  This 
paper  relates  changes  in  the  fundamental  optical 
absorption  band  to  these  different  structural  forms. 

6-20  x-ray  diffraction  was  used  to  obtain  crystallo¬ 
graphic  data,  Rutherford  backseat tering  spectrometry 
for  chemical  analysis,  and  UV-visible  spectrophotomet- 
rv  for  determining  transmission  and  reflection,  from 
which  the  optical  absorption  coefficient  was  calcula¬ 
ted.  The  initial  exponential  rise  of  the  absorption 
band  and  the  energy3  of  two  transitions  across  the 
band  gap  are  discussed  in  terms  of  microcrystallite 
size  of  the  a  phase  and  a  recently  calculated  band 
structure  and  density  of  states  for  the  zirconia 
polymorphs3. 

H6. 14 

S.iFARAflON  AND  CHARACTERISATION  OF  MICROCRYSTALLINE  SiC:H 
FILMS.  S  V.Rcjarshi,  F.Mohanmad,  R.O.Dusane,  V.G. 8bi.de, 
Scnooi  of  Energy  Studies,  University  of  Poona,  PUNE-411007, 
Incia  and  S . V. Ghoisas ,  P.Kulkarni  and  A. S . Nigavekar ,  Depart¬ 
ment  of  Physics,  University  of  Poona,  PUNE-411007,  India. 

Microcrystalline  SiC:H  and  pc-Si:H  films  are  prepared  by 
r.f.  glow  discharge  method.  The  dependence  of  microcrys- 
talli.uty  on  the  relative  flowrates  of  hydrogen,  silane  and 
metnof.e  as  well  as  r.f.  power  are  investigated.  Character¬ 
ization  is  done  using  low  angle  x-ray  diffraction,  Spectro¬ 
scopic  Ellipsometry  (SE),  conauctivity  and  photoconductivity, 
x-ray  photoelectron  spectroscopy  ( XPS )  and  ultraviolet 
bnotoeiectron  spectroscopy  (JPS1.  Role  of  unintentionally 
incorporated  carbon  ana  oxyge-  is  also  investigated. 

The  analysis  of  the  data  leads  to  the  structural  model  of 
juc-SiC:H  which  is  similar  to  that  of  xuc-Si:H.  Dependence 
of  microcrystallinity  on  the  growth  parameters  for  >ic-Si:H 
and  uc-SiC:H  is  used  to  investigate  role  of  carbon  on  the 
formation  of  micro-crystalline  matrix.  Effects  of  boron 
acpinc  are  studied  and  compared  with  the  observed  boron 
secreaation  in  pc-Si:H  toward  amorphous  region. 

H6 . 15 

RAMAN  STUDIES  OF  MlCROSTRUCTURAL  CHANGES  IN  AMORPHOUS 
SILICON-BORON  ALLOYS  DUE  TO  ANNEALING.  G,  Yana  P  Bai,  Center  lor 
Iniegrated  Electronics  and  Physics  Department,  Rensselaer  Polytechnic 
Institute.  Troy.  NY  12180;  B.  Y.  Tong.  S.  K.  Wong,  J.  Du.  Center  tor 
Chemical  Physics,  and  I.  Hill.  Surface  Science  Laboratory,  University 
of  Western  Ontario.  London,  Ontario,  Canada. 

Amorphous  Sit.xB,  alloy  films  with  boron  composition  x  ranging  from 
j  r)i  to  0.5  were  deposited  on  the  Si  substrates  at  a  temperature  of 
480°C  in  a  low  pressure  chemical  vapor  deposition  (LPCVD)  system. 
Those  films  were  annealed  in  a  nitrogen  ambient  for  30  minutes  at 
various  temperatures  between  600°C  and  900°C.  Raman  scattering 
experiments  were  carried  out  on  both  as-deposited  and  annealed  films 
where  the  spectra  of  the  Si-Si  TO-like  vibrational  mode  at  around 
480cm'1  was  specifically  studied  to  obtain  the  information  on  the 
ncrosiructure  of  the  films. 

The  structural  disorder  ot  the  as-deposited  amorphous  Si,  .„B*  alloy 
films  was  observed  to  increase,  as  we  reported  in  a  previous  paper, 
with  an  increase  of  the  boron  content.  It  was  further  concluded  that  the 
boron  content  x  can  be  roughly  divided  into  three  regions,  I)xs3%, 
2)3%s  x  230%.  and  3)x230%,  in  which  the  the  boron  induced 
structural  disorder  behaves  differently  as  a  function  of  the  boron 


content.  Microcrystalline  and  pciycrystalline  films  can  be  obtained 
from  annealing  ot  those  films.  The  required  annealing  temperature, 
however,  was  different,  depending  on  the  boron  content  in  the  films. 
Studies  on  films  with  the  various  boron  contents  showed  that  while,  in 
general,  the  higher  the  boron  content,  the  harder  is  to  crystallize,  the 
plot  of  the  TO-like  mode  FWHM  as  a  function  ot  the  boron  content  tor  a 
given  annealing  temperature  suggested  that  there  was  a  threshold  boron 
content  below  which  microcrystalline  or  polycrystalline  films  were 
obtained.  This  threshold  boron  content  increased  with  an  increase  ot  the 
annealing  temperature.  For  those  high  boron  content  films  that 
remained  amorphous  after  annealing,  however,  an  enhancement  of  the 
local  order  was  observed.  A  detailed  analysis  will  be  presented. 

H7.  l 

Preparation  of  High-Quality  poly-Si  and  jic-Si  films  by  the  S!"C  Method: 
T . hat  suyama,  M.Nisliikuni ,  M.Kameda,  S.Ukamoto,  M. Tanaka.  S.lsuda,  K. Onrush: , 
S.Kakano  and  Y.Kuwano 

kiinctional  Materials  Heeearch  Center,  Sanyo  Electric  Co..  Ltd. 

1-18-13  Hashiridani,  Hirakata,  Osaka  573,  Japan 

Abstract 

In  order  to  improve  the  conversion  efficiency  of  silicon  solar  cells, 
it  is  necessary  to  develop  materials  with  high-photosensitivity  in  the 
long  wavelength  region  for  an  increase  in  I  ^ .  It  is  also  important  to 
develop  window  materials  with  high  conductivity  and  wide  bandgap  for  an 
increase  in  VQC  ■  Firstly,  we  describe  Solid  Phase  Crystallization  (SPC» 
method  which  enables  us  to  grow  a  Si  crystal  at  a  low  temperature  down 
to  650*C.  Using  this  method  we  have  obtained  thin-film  polycrystal 1  me 
silicon  (poly-Si)  with  high-photosensltivlty  In  the  long  wavelength  region 
and  Hall  mobility  of  70  ent  /V»sec,  and  confirmed  the  photovoltaic  effect 
ih  the  thin-filT  poly-S;  structure  for  the  first  time.  Secondly,  we  have 
succeeded  in  preparing  a  device-quality  p-type  microcrystalline  silicon 
lpc-Si'  by  the  SPC  method  at  650*C  for  7  hours  from  the  conventional 
plasma-CVl)  p-type  amorphous  silicon  (a-Si)  without  any  post-doping  process. 

This  is  also  the  first  success  in  the  world.  Obtained  properties  of  o 

3  -1  ■  ^ 

«  1  X  10  (  and  a  high  optical  transmittance  in  a  2.0~3-0eV  range 

are  more  excellent  as  a  window  material  compared  to  the  conventional  p-type 

Aic-Si:H.  Detailed  structural  characterization  using  Raman  spectroscopy 

and  TEM  will  be  given.  Finally,  advantages  and  limitations  of  SPC  method 

as  a  new  teennique  to  prepare  pc-Si  as  well  as  poly-Si  are  discussed  Trom 

trie  viewpoints  of  device  applications. 

H7 . 2 

CHARACTERISTICS  OF  HYDROGENATED  MYCROCRYSTALL I  ME  Si 
FOR  Si  HBTs.  H.  Put  toka.  .V.  I  ton.  K.  Taxasaki. 
Advanced  Technology  Development  Division.  Fujitsu 
Limited.  1015  Kami nodanaka.  Nakanara-ku.  Kawasaki. 
Kanagawa.  Japan  211 

C  ana  F  were  aopec  into  u  C-Si :K  films  tc  improve 
their  thermal  stability.  The  use  of  uc-Si:H  fiims 
as  wide-gap  emitters  for  Si  HBTs  is  promising  fur 
future  high  speed  LSIs.  However,  the  poor  thermal 
stability  of  the  uc-SiiH  film  is  a  serious  probiem 
for  tne  practical  use.  To  improve  the  thermal 
stability,  it  is  desirable  to  add  C  or  F  to  u  c  -  S  i  :  H 
film,  tl)  in  this  paper  we  report  on  the  effect 
of  C  or  F  doping  or,  the  properties  of  t h e  u  c - S i  : H 
film.  The  «c  Si:H  fiims  were  deposited  using  a 
conventional  plasma  CVD  apparatus  at  a  substrate 
temperature  of  230  “C  to  480  °C.  The  deposition 
gases  were  SiH.-SiFi-PHi-H,  for  F  doped  «c-Si:H. 

S i H , -CH , - PH j - H :  for  C  doped  wC-SiiH.  The 
Structural  and  electrical  properties  were 
investigated  using  XTEM.  RHEED.  X  ray  diffraction 
and  sheet  resistance  measurement.  nc-Si: 
H/crystal 1 ine-Si  heterodiodes  and  HBTs  were 
fabricated  to  estimate  the  junction  properties. 
Experimental  results  indicate  that  the  addition  of 
CH,  to  the  reaction  gases  suppresses  the 
crystallization  and  increases  the  resistivity  of  the 
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;  Ire.  On  tne  contrary.  *n  e  addition  of  Sir,  to  tne 
reaction  gases  has  a  smai!  influence  both  on  tne 
crystallization  and  the  resistivity  of  the  ,uc-S::H 
f 1  im. 

H7. 3 

DOPANT  SEGREGATION  AT  POLYCRYSTALLINE  SILICON  GRAIN 
BOUNDARIES  IN  DEVICE  FABRICATION  PROCESSES,  M.  ITOH. 

X.  AIKAWA,  N.  HIRASHITA,  AND  T.  AJIOKA,  Oki  Electric 
Industry  Co.,  Ltd.,  VLSI  RAD  Laboratory,  550-1, 
Higashiasakawa,  Hachioji,  Tokyo  193,  Japan 

Dopant  segregation  at  the  grain  boundaries  of 
polycrystalline  silicon (poly-Si)  causes  an  unfavorable 
increase  in  resistivities  of  poly-Si.  The  dopant 
segregation  at  the  grain  boundaries  in  device  fabrication 
processes  has  been  studied  with  a  new  approach  using 
spreading  resistance (SR)  measurements,  SIMS  and  cross- 
sectional  TFM(XTEM).  Phosphorus  was  implanted  with  dose 
1 .5x101bc«r',i  at  40keV  into  LPCVD  poly-Si  films  with 
thickness  of  lum  on  SiC^ .  Then  the  samples  were  annealed 
at  900*C-1000<IC  in  1$2  tor  30min.  Although  SR  measurements 
exhibited  that  electrically  active  dopant  concentration 
was  constant  in  depth  within  the  poly-Si  films,  the 
phosphorus  concentration,  measured  by  SIMS,  increased 
gradually  with  increasing  depth.  XTEM  observations  reveal 
that  the  grain  size  decreases  with  increasing  depth.  The 
phosphorus  depth  concentration  is  found  to  be  a  linear 
relationship  with  a  reciprocal  grain  size  corresponding 
to  the  same  depth.  Since  the  reciprocal  grain  size  is 
proportional  to  area  of  grain  boundaries,  the  linear 
relationship  indicates  that  the  number  of  segregated 
phosphorus  atoms  per  unit  area  ia  unique  within  poly-Si 
films.  Both  phosphorus  concentration  in  the  grains (Nq) 
and  phosphorus  concentration  segregated  at  the  grain 
boundaries (N(.g)  can  be  evaluated  from  the  relation.  The 
segregation  ratios  of  NQE/NG  range  from  4.33  to  1.06 
between  annealing  temperatures  of  900 ”C  and  lOOO'C,  and 
the  heat  of  segregation  of  1.7eV  is  obtained.  Our  reaults 
indicate  that  carrier  concentration  in  the  poly-Si  is 
very  sensitive  to  annealing  temperature  in  device 
fabrication  processes. 

H7.4 

CORRELATIONS  BETWEEN  OPTICAL,  ELECTRICAL,  AND  STRUC¬ 
TURAL  PROPERTIES  OF  IN-SITU  PHOSPHORUS-DOPED 
HYDROGENATED  MICROCRYSTALLINE  SILICON  -  EFFECTS  OF 
RAPID  THERMAL  ANNEALING  ON  MATERIAL  PROPERT  IES.  DF. 
Koiccki.  SJ.  Jcng.  J  Kanicki',  C.C.  Parks,  V.  Phan,  W.  Rausch.  K.  Scshan  and 
J  Tien,  IBM,  Scmiconduclor  Development  laboratory,  Hopewell  Junction,  NY, 
(’)  IBM,  TJ.  Watson  Research  Center.  Yorktown  Heights,  NY. 

Films  of  in-situ  phosphorus-doped  hydrogenated  microcrystalline  silicon 
(n— nc-Si:H)  have  been  deposited  by  plasma  enhanced  chemical  vapor  deposition 
(PECVD)  on  Si(100)  and  fused  quartz  substrates  from  reactive  gas  mixtures  con¬ 
sisting  of  Pllj/SiH4/Hj.  All  Films  were  grown  at  a  constant  RF  power  density  of 
0.1  W-cm-1  and  a  total  pressure  of  1.0  Tom,  while  the  substrate  temperature  and 
(l%Pllj/Sill4)  /  IIj  dilution  were  varied  between  200’C  and  400°C,  and  1%  and 
10%  respectively.  Films  with  a  thickness  ranging  from  250 A  to  lum  were  inves¬ 
tigated.  The  n— uc-Si:H  films  were  subjected  to  rapid  thermal  anneal  (RTA)  at 
temperatures  from  600-I000“C  for  durations  of  10-30  seconds. 

The  deposited  films  are  characterized,  both  before  and  after  RTA,  in  terms  of 
their  optical  band-gap,  electrical  conductivity  and  Hall  mobility.  The  intcrfacial 
structure,  grain  size  and  orientation  are  investigated  by  cross-sectional  high  resol¬ 
ution  TE.M,  and  the  hydrogen  and  phosphorus  profiles  are  measured  by  SIMS. 

For  pre-annealed  films,  lattice  image  TEM  confirms  the  presence  of  a  mixed 
phase  material.  For  thick  films  ( >  04  um),  microcracks  and  voids  are  observed 
cither  in  the  film  or  at  the  interface.  No  such  defects  are  detected  in  thin 
( <  500A)  films.  The  optical  band-gap  of  the  pre-annealed  films  is  al.8eV  and 
strong  correlations  are  observed  between  the  film  microstructure  and  the  electrical 
transport  properties.  The  effects  of  RTA  are  shown  to  significantly  alter  film 
morphology  and  microstructure,  increase  electrical  conductivity,  and  decrease  the 
optica]  band-gap  For  thin  n— nc-Si.ll  films,  RTA  produced  smooth  recrystal- 
hzed  films  with  the  crystal  orientation  aligned  with  the  substrate.  For  thick 


n— uc-Si:ll  films,  RTA  produced  large  voids  within  the  recrystallized  regions, 
which  are  believed  due  to  trapped  H3  bubbles,  resulting  in  rough  surfaces. 

H7.5 

SILICON  RE-CRYSTALLIZATION  CONTROL  FOR 

VLSI /ULSI ' S  WITH  SOI-LIKE  STRUCTURES.  Jun' ichi 
Matsunaga ,  Shigeru  Kanbayashi ,  and  Shinji  Onga, 
ULSI  Research  Center,  TOSHIBA  Corporation, 
Kawasaki-city,  210  JAPAN. 

A  silicon  re-crystallization  technology  for  a 
t^hin  ^ilm  transistor  (TFT),  an 

SOI-like-structure  device,  which  is  one  of 
realistic  solutions  for  reallizing  attractive 
system  on  silicon  (SOS)  with  higher  packing 
density,  higher  operation  speed  and  more  variety 
of  functionality  in  a  single  chip,  is  described. 

For  gaining  a  higher  performance  TFT,  a  grain 
size  control  of  silicon  crystal  on  an  insulator 
film  is  required.  Then,  a  process  of 

re-crystallization  of  amorphous  silicon  film 
which  is  deposited  on  an  oxide  fiim  at  a  lower 
temperature  with  an  LPCVD  method  is  observed 
especially  utilizing  a  TEM  analysis.  As  a 
result,  it  is  found  that  the  behaviour  of 

re-crystallization  depends  strongly  on  initial 
Si  depositon  conditions,  for  examples, 
deposition  temperature,  the  state  of  aeposition 
surface,  namely,  oxide  film  surface,  and 
annealing  conditions  such  as  annealing 
temperature  and  annealing  time.  From  their 
analytical  results  and  corresponding  electrical 
characteristics  of  TFT 1 s ,  a  mechanism  of 
re-cystallizat ion  process  during  annealing 
procedure  and  an  optimum  condition  for  TFT ‘ s  are 
discussed . 

In  additon,  a  possibility  of  an  SOS  device 
fascinating  and  challenging  to  a  trend  of 
conventional  down-scaled  Si  devices  will  also  be 
presented  based  on  their  electrical  data. 

H7.6 

M.l.l.niu.  DEPOSITION  OF  N  DOPED  MC  STIFF  BY  RF 
IT.  ASM  A  cvn  ON  SI  AND  SIOx  SUBSTRATES  K  Haert,  P 
Dcschepper.  J.  Nijv  R.  Mertens.  I.M.E  C.  Kapcldreet  75,  3030 
I  leveriee.  Belgium. 

It  is  well  established  that  high  quality  pe-S::H.F  can  be  deposited  by  rf 
plasma  CS  D  ot  Chlorinated  gas  sources  like  SiF4  and  SiH2F2.  mixed 
with  112  u;\l/or  SiH4.  However,  this  growth  process  is  usually  not 
selective,  which  means  layers  are  deposited  on  Si02  as  well  as  on  Si 
substrates.  In  this  paper,  selective  growth  from  SiF4  +  StH4  gas  source 
is  reported. 

In  general  selective  deposition  can  be  obtained  by  balancing  a  etch 
process  with  a  deposition  process.  It  was  found  that  in  a  pure  SiF4 
plasma.  St  as  well  as  Si02  were  etched  and  the  etch  Tate  could  be 
controlled  from  0  to  3  nm/min  by  controlling  the  SiF4  flow-,  rf  power 
and  temp  When  0-6  seem  of  100  ppm  PH3  in  SiH4  was  added,  n- 
doped  pc  v:H:F  with  a  conductivity  up  to  100  S/cm  was  deposited  on 
c-St  or  poly-Si  substrates,  whereas  no  deposition  happened  on  thermal 
SiOJ  DVD  Si02  or  on  glass  The  balance  between  selective  and  non- 
seicctivc  deposition  could  be  tuned  by  changing  the  temp  (which 
controls  the  etch  rate  l  and  the  SiH4  flow  (which  controls  the  deposition 
rate)  It  is  thought  that  the  selective  growth  happens  because  nuclei 
initially  formed  on  the  Si02  type  substrate  are  less  stable  and  can  be 
etched  away  more  easily,  whereas  nuclei  on  Si  substrate  are  more 
strongly  bonded  to  the  substrate  and  can  grow  to  up  to  the  critical  radius 
necessary  for  film  formation. 

This  process  was  successfully  applied  for  the  self-aligned  deposition  of 
uce  '"(I  '>  '11  regions  of  poly-Si  thin  film  transistors  on  insulating 
substrate.  Die  method  provides  an  alternative  for  the  ion  implantation 
technique,  since  it  can  be  applied  to  large  area  substrates  and  does  not 
require  subsequent  annealing. 


H7.7 

SELECTIVE  GKMTH  OF  Si  CRYSTALS  OVER  AMORPHOUS  SUBSTRATES  SEEDED  HY 
SOLID-STATE  AGCLOUtRATION  OF  PATTERNED  Si.  K.Yanagata  and  T.Yonehara. 
H-T)  Headquarters.  Canon  Inc..  6770  Taaura  Hiratsuka-city.  kanagaaa-Pref. 
.204.  Japan 

Uie  phenomenon  of  agglomeration  is  known  such  that  continuous  films  are 
altered  to  discrete  islands  in  the  solid  state,  well  below  the  melting 
point.  The  phenomenon  is  driven  by  surface-energy  minimization  followed 
by  large  mass- transport.  It  is  found  that  annealing  ambients  strongly 
affect  the  temperatures  at  which  the  agglomeration  starts,  and  that 
impurity  in  the  initial  films  influences  the  mass-transport. 
Polycrystalline  Si  lOOnm-thick  films  were  readily  agglomerated  by 
annealing  in  H>  ambient,  but  in  contrast,  the  phenomenon  hardly  took 
place  in  Ni  ambient.  Phosphorus  impurity  in  the  Si  films  enhanced  the 
mass-transport.  Thus,  thicker  films  can  be  agglomerated  by  doping 
phosphorus  in  Si.  Most  sipiificantly.  the  agglomerated  Si  semi -spherical 
islands  were  confirmed  single  domeined  crystals  (i. e.  no  grain  boundary 
in  the  islands)  by  transmission  electron  microscope. 

be  will  dannstrate  selective  growth  of  a  matrix  of  large  Si  crystal 
islands  over  amorphous  substrates,  seeded  by  the  agglomerated  single 
domained  Si  crystals.  Fine  polycrystalline  Si  films  were  deposited  on 
SiOi  by  LPCVD  and  patterned  into  sail  portions.  1.2»b  in  diameter,  a 
hundred  tm  apart  in  lattice  points.  These  were  agglomerated  to  form 
single  crystal  seeds  by  annealing  in  Hi  ambient  at  1000  T.  Si  was  grown 
.  .  •  i  i  /  :ly  the  each  seeds  and  overgrowth  proceeded  up  to  100«a  by 
CVD  selective  epitaxial  growth  technique,  resulting  in  a  matrix  of 
uniformly  sized  islands.  These  highly  faceted  crystals  were  classified 
into  three  crystalline  forms,  single-crystals,  primary  twins  and 
multiple  twins.  However,  most  were  single  crystals  with  a  specific 
orientation  of  <110>  normal  to  the  substrate  surface. 

H7.8 

THE  CRYSTAL-AXIS-ROTATION  OF  LASER-RECRYSTALLIZED  SILICON  ON 
INSULATOR.  K.Sugahara,  T.Ipposhi,  Y.Inoue,  T.Nishimura, 

and  Y.Akasaka  LSI  RSD  Lab.  Mitsubishi  Electric  Corp.  4-1 

Mizuhara  Itami  664  JAPAN 

The  laser-recrystallized  SOI  is  an  important  material  for 
fabricating  3-D  ICs.  We  reported  that  laterally  growth  from 
(001)  Si  seed  In  the  <100>  direction  on  an  insulating  film 
provided  the  highest  quality  of  single  crystalline  SOI  film 
without  any  obvious  defects.  However,  we  found  that  the  crystal 
axis  of  the  recrystallized  Si  film  gradually  changed  from  <001> 
toward  <011>.  This  seemed  to  be  a  texture  rotation  around  <010> 
axis,  and  the  rotation  always  occurred  in  the  same  direction 
(anisotropy)  whether  the  growth  direction  was  varied  by 
changing  the  direction  of  the  laser  beam  scan.  Slower  growth 
speed  and  higher  laser  power  contributed  to  make  smaller  the 
rotation  angle.  The  temperature  distributions  numerically 
simulated  from  thoae  conditions  indicate  that  the  temperature 
gradient  between  a  top  and  bottom  surface  of  the  SOI  film 
becomes  large,  as  the  crystallographic  change  becomes  large. 
This  implies  that  the  crystallographic  change  is  caused  by  the 
accumulation  of  small  change  in  bond  angles  of  each  stacked  Si 
atom  due  to  different  conditions  of  thermal  expansion  in  the  Si 
film. 

While.  In  the  case  of  the  <100>/(001)  growth  direction,  the 
right  position  and  the  bond  angles  of  the  Si  atom  coming  from 
the  liquid  Si  is  definitely  determined  by  two  atoms  already 
arranged  at  a  liquid-solid  Interface,  and  any  mutual  relation 
among  Si  atoms  In  a  same  plane  is  not  required  for  a  growth 
procedure.  This  assures  the  crystal  growth  at  laser  beam 
scanning  as  fast  as  several  tens  cm/s ec. 

Therefore  the  anisotropy  is  considered  to  be  due  to  the 
preferential  crystal  growth  in  <100>  direction,  and  hence,  it 
is  also  speculated  that  the  initial  stage  of  crystal  growth  in 
any  crystallographic  direction  was  controlled  by  crystal  growth 
In  <100>  direction.  This  work  was  supported  by  NEDO  under  the 
management  of  FED. 


H7.9 

‘New  model  for  poly-silicon  thin  film  transistors  for 
USE  WITH  SPICE'  M,  Izzard.  W.  I.  Milne,  P.  Migliorato. 
Cambridge  University  Engineering  Department,  Cambridge 
England. 


The  electrical  characteristics  of  the  poly-Si  thin  film  transistor 
(TFT)  have  been  modelled  using  equations  based  on  the  Volume 
average  defect  density’  assumptions  used  by  many  theorists  (eg. 
Migliorato  and  Meakin  [1 ))  for  the  saturation  and  sub-threshold 
regime.  The  off-characteristics  have  been  modelled  in  a  semi- 
empirical  manner  to  reflect  the  anomalous  off-current.  Transient 
effects  are  dealt  with  using  charge-control  in  the  body  of  the 
TFT.  The  model  is  simple  to  use  and  may  be  applied  to  a  wide 
range  of  devices  by  altering  model  parameters. 

In  this  paper  the  approximations  used  are  compared  to  the  full 
numerical  integrations  of  the  relationships.  We  will  discuss  the 
model,  its  implementation  and  use,  and  give  some  examples  of 
circuits  that  have  been  simulated  using  SPICE  and  manufactured 
with  poly-Si  on  glass. 

H7.10 

H.l.C‘1  KIC'AL  PROPER I IES  Ol  SIPOS  FILMS  DEPOSITED  ON 
CRYSTALLINE  SILICON  Ticn-M'n  Chuang.  Kenneth  Rove 

.and  Ronald  J.  Oulinjnn  .Center  for  Integrated  Electronics, 
Rcns'Clacr  Polytechnic  Institute  .Troy  .NY  12181 

S1POS  is  composed  of  silicon  microcrjstals  in  an  osidc  matrix. 
Cndopcd  SIPOS  is  important  as  a  passivant  in  high-voltage 

planar  devices;  doped  SIPOS  shows  promise  as  an  electron 
emitter  for  BiCMOS  devices  Carrier  transport  and  trapping  arc 
more  complex  and  less  understood  in  these  two-phase  materials 
than  simple  oxides.  Both  hulk  and  interface  properties  play  a 
role.  We  represent  transport  and  trapping  studies  on  undoped 
and  phosphorus-doped  SIPOS  films  deposited  on  n-type  and 
p-type  Si  by  LPCVD  Electrical  properties  have  been 

characttri/cd  by  C-V-io,  1-V  .  DLTS  .  spreading  resistance  .and 
photo-induced  microwave  reflection  techniques. 

Our  C-V  and  DLTS  data  on  undoped  SIPOS  indicate  interface  traps 
with  a  density  of  5x10'^  cm'^eV1  and  a  response  time  between 
1  and  lOpsec  exist  near  midgap  of  the  SIPOS.  .  We  find  that  the 
polarity  cf  fixed  charges  in  the  SIPOS  near  the  interface  is  tied 

to  the  type  of  the  Si  substrate.  Unlike  MOS  structures  .deep 

depletion  occurs  due  to  the  nonlinear  conduction  of  the  SIPOS 
under  high  field  stress. 

n  +  -SIPOS/p-Si  samples  show  diode  I-V  characteristics  with 
ideality  factor  of  1.1  to  1.2  and  reverse  leakage  current  on  the 
order  of  lOOpA/cm^  after  annealing  in  the  forming  gas.  We 
believe  this  reverse  leakage  is  correlated  with  interface  traps. 
Photo-induced  microwave  reflection  transient-waveform  shows 
an  order  of  magnitude  increase  in  photoconductivity  recovery 
■  .it.*  wiih  doped  SIPOS  films.  This  indicates  either  a  lower 
suilace  recombination  velocity  or  an  increased  trapping  with 
the  doped  SIPOS  films. with  important  implications  for  high 
frequency  emitter  structures. 
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H7.ll 


DEVELOPMENT  OF  THE  VERY  THIN  MICROCRYSTALLINE 
N-LAYER  AND  ITS  APPLICATION  TO  THE  STACKED  SOLAR  CELL. 

F.  Nakabepou.  T.  Ishimura,  K.  Kumagai  and  K.  Fukui, 

CRDL  TONEN  Corp.,  3-1  Nishi-turugaoka  1-chome, 

Ohi-mati,  lruma-gun,  Saitama-ken,  Japan,  354. 

Amorphous-microcrystalline  mixed-phase  hydrogenated  sili— • 
con  (*<c-Si:H)  ,  wHich  was  developed  by  Electrotechnical  Lab. 
and  us  for  the  first  time  in  the  world,  is  now  widely  used  as 
the  ohmical  connection  layer  of  the  stacked  solar  cell.  Im¬ 
provement  of  the  efficiency  of  the  stacked  solar  cell  will  be 
realized  by  reducing  the  light  absorption  loss  of  p-n  layer 
which  does  not  work  as  the  active  layer.  But  in  general,  as 
the  microcrystalline  film  becomes  thinner,  its  conductivity 
rapidly  decreases.  Consequently,  Jsc  increases  but  Voc  and 
FF  decrease  due  to  the  lack  of  good  ohmical  connection. 
Therefore,  establishing  the  preparation  method  of  the  high 
conductive  very  thin  /zc-Si:H  film  is  essential  for  the  im¬ 
provement  of  the  efficiency  of  the  stacked  solar  cell. 

This  work  has  been  done  according  to  the  idea  that  micro- 
crystalite  size  must  be  smaller  than  the  film  thickness  to  ob¬ 
tain  the  high  conductive  thin  /xc-Si:H  film.  The  relationship 
between  the  amount  of  H  ions  in  the  plasma  and  the  micro- 
crystalite  size  was  reported  by  A.  Matsuda.  The  experimental 
results,  increasing  the  amount  of  H  ions  induces  decreasing 
the  size  of  me,  show  the  possibility  of  microcrystalite  size 
control.  Addition  of  Ar  gas  to  the  plasma  was  selected  as  the 
easy  way  to  increase  the  amount  of  ions  and  its  effect  on  the 
film  structure  was  investigated.  It  was  demonstrated  that 
even  150A  film  showed  good  a  and  the  ring  pattern  in  RHEED 
measurement  which  means  that  the  film  is  uc.  This  newly  de¬ 
veloped  n-layer  was  applied  to  fabricate  the  stacked  solar 
cell  and  Jsc  increased  by  5-6X  because  of  the  reduction  of 
light  absorption  loss  keeping  Voc  and  FF  constant. 
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SESSION  II:  DIAGNOSTICS  AND  MODELLING 
Chair:  Dennis  Hess 

Monday  Morning,  November  27 
Yarmouth/Vineyard  (M) 

8:30  *11.1 

PECVD  RF  DISCHARGE  MODELS  REVIEW,  Alan 
Garscadden .  Wright  Research  and  Development 
Center,  Wright-Patterson  AFB ,  OH. 

9:00  *11.2 

RF  DISCHARGE  MODELING,  J.-P.  Boeuf .  Univer¬ 
sity  P.  Sabatier,  Centre  de  Physique  Atom- 
ique  de  Toulouse,  Toulouse,  France. 

9:30  11.3 

THE  EFFECT  OF  REACTOR  PRESSURE  ON  THE  GROWTH 
OF  GLOW  DISCHARGE  a-SiN:H,  Walter  J.  Varhue . 
University  of  Vermont,  Department  of  Elec¬ 
trical  Engineering,  Burlington,  VT;  Kiril 
Pandelisev,  Johnson  Matthey  Electronics, 
Trail,  Canada. 

9:45  11.4 

INFRARED  LASER  ABSORPTION  STUDIES  OF  RADICAL 
CONCENTRATIONS  IN  CH4  RADIO  FREQUENCY  PLAS¬ 
MAS,  Joda  C.  Wormhoudt.  Aerodyne  Research, 
Inc.,  Center  for  Chemical  and  Environmental 
Physics,  Billerica,  MA. 

10:00  BREAK 

10:15  *11.5 

SILANE  PLASMA  CHEMISTRY  ONE  STEP  AT  A  TIME: 
SILICON  HYDRIDE  RADICAL-MOLECULE  KINETICS, 
Joseph  M.  Jasinski,  IBM  Research  Division, 
Thomas  J.  Watson  Research  Center,  Yorktown 
Heights,  NY. 

10:45  Il.fe 

LASER-INDUCED  FLUORESCENCE  OF  SILICON  AND 
SILICON  MONOXIDE  IN  A  GLOW  DISCHARGE, 
Anthony  J.  Hvnes .  Georgia  Tech  Research 
Institute,  Molecular  Sciences  Branch, 
Atlanta,  GA. 

11:00  11.7 

SPATIAL  GENERATION  PROFILES  OF  ACTIVE  RADI¬ 
CALS  IN  PLASMA- ENHANCED  CVD  OF  a-Si:H, 
Mataras .  S.  Cavadias,  and  D.E.  Rapakoulias, 
Institute  of  Chemical  Engineering  and  High 
Temperature  Chemical  Processes,  Patras, 
Greece. 


♦Invited  Paper 

Short  Course  P-05,  "Plasma  Enhanced  CVD  of 
Thin  Films  for  Microelectronics,"  may  be  of 
interest  to  symposium  attendees.  Details 
regarding  course  dates  and  instructors  are 
provided  in  the  short  course  section  of  this 
program. 


11:15  *11.8 

ELECTRONIC  AND  CHEMICAL  PROPERTIES  OF  SILI¬ 
CON  CLUSTERS  IN  REACTIONS  WITH  SILANE,  M.L. 
Ma  n  d i ch  .  W.D.  Reents  Jr.  and  K.D. 
Kolenbranaer ,  AT&T  Bell  Laboratories,  Murray 
Hill,  NJ. 

11:45  11.9 

IN-SITU  SUBSTRATE  TEMPERATURE  MEASUREMENT 
DURING  a-SiN  PLASMA  CVD  FROM  N2  ROTATIONAL 
TEMPERATURE,  Shin-ichiro  Ishihara.  Akira 
Otsuka  and  Seiichi  Nagata,  Matsushita  Elec¬ 
tric  Industrial  Company,  Central  Research 
Laboratories,  Osaka,  Japan. 

SESSION  12:  PECVD  OF  SILICON  OXTDES 
AND  NITRIDES 
Chair:  Alain  Harrus 
Monday  Afternoon,  November  27 
Yarmouth/Vineyard  (M) 

1:30  *12.1 

SILICON  TECHNOLOGY  AND  PECVD  MATERIALS: 
ISSUES  AND  CHALLENGES,  Alain  S.  Harrus.  and 
Graham  W.  Hills,  AT&T  Bell  Laboratories, 
Allentown,  PA. 

2:00  *12.2 

PLASMA  DEPOSITION  OF  SiNxHy:  PROCESS  CHEMIS¬ 
TRY  VS.  FILM  PROPERTIES',  Donald  L.  Smith. 
Xerox  Palo  Alto  Research  Center,  Electronics 
and  Imaging  Lab,  Palo  Alto,  CA. 

2:30  12.3 

PLASMA  DEPOSITED  SILICON  NITRIDE  FILM  CHEMI¬ 
STRY,  Justin  N.  Chi  ana  and  Dennis  W.  Hess, 
University  of  California,  Berkeley,  Chemical 
Engineering  Department,  Berkeley,  CA. 

2:45  12.4 

NITROGEN  INCORPORATION  REACTIONS  IN  HYDROGE¬ 
NATED  AMORPHOUS  SILICON,  NITROGEN  ALLOYS 
PRODUCED  BY  REMOTE  PECVD,  G.N.  Parsons  and 
G.  Lucovsky,  North  Carolina  State  Univer¬ 
sity,  Department  of  Physics,  Raleigh,  NC. 

3:00  BREAK 

3:15  *12.5 

MICROWAVE  AND  ECR  PLASMA  DEPOSITION  OF  SiNx 
FOR  OPTOELECTRONICS,  Steven  Dzioba.  Bell- 
Northern  Research  Ltd. ,  Advanced  Technology 
Lao,  Ottawa,  Ontario,  Canada. 

3:45  12.6 

CHARACTERIZATION  OF  Si3N4  FILMS  DEPOSITED 
USING  AN  ELECTRON  CYCLOTRON  RESONANCE  (ECR) 
PLASMA,  J.P.  Simko.  Y.-Z.  Hu,  J.W.  Andrews, 
E.A.  Irene,  and  T.M.  Mayer,  University  of 
North  Carolina,  Department  of  Chemistry, 
Chapel  Hill,  NC. 
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13.4 


4:00  12.7 

CHARACTERIZATION  OF  THE  PLASMA  CHEMISTRY  AND 
FILM  COMPOSITION  OF  PECVD  SILICON  NITRIDE 
DEPOSITED  FROM  SILANE-NITROGEN  AND  SILANE- 
AMMONIA  MIXTURES  WITH  ARGON  ADDITIONS,  W.E. 
Quinn  ■  B.G.  Bagley,  B.J.  Wilkens,  Bellcore, 
Semiconductor  Materials  Research  Department, 
Red  Bank,  NJ;  and  B.M.  Gallois,  Stevens 
Institute  of  Technology,  Materials  and 
Metallurical  Engineering  Department,  Hobok¬ 
en,  NJ. 

4:15  12.8 

DIRECTIONAL  DEPOSITION  OF  SILICON  OXIDE  BY  A 
PLASMA  ENHANCED  TEOS  PROCESS,  Julian  J. 
Hsieh .  D.E.  Ibbotson,  D.L.  Flamm  and  J.A. 
Mucha,  AT&T  Bell  Laboratories,  Murray  Hill, 
NJ. 

4:30  12.9 

RF  POWER  DEPENDENCE  OF  THE  MATERIAL  PROPER¬ 
TIES  OF  PECVD  SILICON  DIOXIDE,  J.D.  Chapnle- 
Sokol  .  IBM  General  Technology  Division, 
Hopewell  Junction,  NY;  E.  Tierney  and  J. 
Batey,  IBM  T.J.  Watson  Research  Center, 
Yorktown  Heights,  NY. 

4:45  12.10 

EVIDENCE  FOR  STRONGLY  ENHANCED  DEFECT  CREA¬ 
TION  IN  LOW-TEMPERATURE  PECVD  Si02  FILMS, 
R.A.B.  Devine,  Centre  National  d'Etudes  des 

Telecommunications,  Meylan,  France;  and  R.L. 
Pf ef f er .  U.S.  Army  ETDL ,  Fort  Monmouth,  NJ . 

SESSION  13  l _ SEMI CONDUCTORS 

Chair:  Dale  Ibbotson 

Tuesday  Morning,  November  28 
Yarmouth/Vineyard  (M) 

8:45  *13.1 

THE  ROLE  OF  LOW-ENERGY  ION/SURFACE  INTERAC¬ 
TIONS  DURING  CRYSTAL  GROWTH  FROM  THE  VAPOR 
PHASE;  EFFECTS  ON  MICROCHEMISTRY  AND  MICRO¬ 
STRUCTURE,  Joe  E.  Greene .  University  of 
Illinois,  Department  of  Materials  Science, 
the  Coordinated  Science  Laboratory,  and  the 
Materials  Research  Laboratory,  Urbana,  IL. 

9:15  *13.2 

ION  BOMBARDMENT  EFFECTS  ON  SURFACE  COMPOSI¬ 
TION  AND  STRUCTURE  IN  PLASMA  PROCESSING, 
Thomas  M.  Mayer,  University  of  North  Caro¬ 
lina,  Department  of  Chemistry,  Chapel  Hill, 
NC. 

9:45  13.3 

REMOTE  PLASMA- ENHANCED  CHEMICAL  VAPOR  DE¬ 
POSITION  OF  EPITAXIAL  SILICON  ON  SILICON 
(100)  AT  150°C,  T.  Hsu,  B.  Anthony,  1^. 
Breaux .  S.  Banerjee  and  A.  Tasch,  University 
of  Texas,  Microelectronics  Research  Center, 
Department  of  Electrical  and  Computer  En¬ 
gineering,  Austin,  TX. 

10:00  BREAK 


10:30 

REACTION  KINETICS  OF  EPITAXIAL  SILICON 
DEPOSITION  AT  200-400°C  USING  REMOTE  PLASMA 
ENHANCED  CHEMICAL  VAPOR  DEPOSITION,  K 
Anthony .  T.  Hsu,  L.  Breaux,  S.  Banerjee  and 
A.  Tasch,  University  of  Texas,  Microelec¬ 
tronics  Research  Center,  Department  of 
Electrical  and  Computer  Engineering,  Austin, 
TX. 

10:45  *13.5 

DEVELOPMENT  OF  REMOTE  PLASMA  ENHANCED  CVD 
PROCESSES  THROUGH  THE  USE  OF  IN-VACUO  ELEC¬ 
TRON  DIFFRACTION  AND  SURFACE  ANALYTICAL 
TECHNIQUES,  R . A .  Rudder.  G.G.  Fountain,  S.V. 
Hattangady,  J.B.  Posthill  and  R.J.  Markunas , 
Research  Triangle  Institute,  Research  Tri¬ 
angle  Park,  NC. 

11:15  13.6 

HIGH  RATE  DEPOSITION  OF  HYDROGENATED  AMOR¬ 
PHOUS  SILICON  FILMS  BY  ECR  PLASMA  CVD,  S. 
Ozaki,  T .  Akahor i .  T.  Tani  and  S.  Nakayama, 
Sumitomo  Metal  Industries  Ltd.,  Hyogo, 
Japan . 

11:30  T3.7 

THE  ELECTRICAL  AND  OPTICAL  PROPERTIES  OF 
AMORPHOUS  SILICON  ALLOYS  BY  PLASMA-ENHANCED 
CVD  METHOD,  M.  Kapur,  -  Guana  H.  Lin  and 
J . O'M.  Bockris,  Texas  A&M  University,  De¬ 
partment  of  Chemistry,  College  Station,  TX. 

11:45  13.8 

POLYHYDRIDE  BONDING  GROUPS  IN  PECVD  AMOR¬ 
PHOUS  Si  THIN  FILMS,  B.N.  Davidson.  G.N. 
Parsons,  C.  Wang  and  G,  Lucovsky,  North 
Carolina  State  University,  Department  of 
Physics,  Raleigh,  NC. 

SESSION  14:  NOVEL  MATERIALS/APPLICATIONS 
Chair:  Gerald  Lucovsky 

Tuesday  Afternoon,  November  28 
Yarmouth/Vineyard  (M) 

1:30  *14.1 

DIAMOND  FORMING  DISCHARGES,  Peter  K. 
Bachmann .  Philips  Research  Laboratories, 
Aachen,  West  Germany. 

2:00  *14.2 

THE  PLASMA  DEPOSITION  OF  SEMICONDUCTOR 
MULTI-LAYER  STRUCTURES,  Masataka  Hirose  and 
Seiichi  Miyazaki,  Hiroshima  University, 
Department  of  Electrical  Engineering,  Saijo- 
cho,  Higashi-Hiroshima ,  Japan. 

2:30  14.3 

FORMATION  OF  MULTILAYER  HETEROSTRUCTURES  BY 
CONTROL  OF  PATHWAYS  IN  REMOTE  PECVD,  D.V. 
Tsu .  J.A.  Theil,  S.S.  Kim  and  G.  Lucovsky, 
North  Carolina  State  University,  Department 
of  Physics  and  Materials  Science  and  En¬ 
gineering,  Raleigh,  NC. 
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2:45  14.4 

WIDE  AREA  DISC  SHAPED  PLASMA  SOURCE  FOR 
ENERGY  ASSISTED  MOCVD  OF  GaAs ,  B.  Pihlstrom. 
T.  Sheng,  Z.  Yu  and  G.J  Collins,  Colorado 
State  University,  Department  of  Electrical 
Engineering,  Fort  Collins,  CO. 

3:00  BREAK 

3:30  14.  S 

LOW  TEMPERATURE  CLEANING  OF  Ge  AND  GaAs 
SURFACES  USING  HYDROGEN  DISSOCIATED  WITH  A 
REMOTE  NOBLE-GAS  DISCHARGE,  S.V.  Hattanoadv . 
R.A.  Rudder,  M.J.  Mantini,  G.G.  Fountain, 
J.B.  Posthill  and  R.J.  Markunas,  Research 
Triangle  Institute,  Research  Triangle  Park, 
NC. 

3:45  14.6 

LOW-TEMPERATURE  PECVD  Si3N4  FILMS  FOR  GaAs 
ENCAPSULATION  AND  PASSIVATION,  R.L.  Pfef f er ■ 
R.A.  Lux,  K.A.  Jones,  US  Army  ETDL,  Fort 
Monmouth,  NJ;  R.A.B.  Devine,  Centre  National 
d' Etudes  des  Telecommunications,  Meylan, 
France . 

4:00  14.7 

STRUCTURE  AND  MORPHOLOGY  OF  VITREOUS 
CHALCOGENIDE  THIN  FILMS  OBTAINED  BY  PLASMA- 
ENHANCED  CVD ,  Bernard  Cros ,  Serge  Peytavin, 
Michel  Ribes.  Universite  des  Sciences  et 
Techniques  du  Languedoc,  Laboratoire  de 
Physicochimie  des  Materiaux  Solides, 
Montpellier,  France;  Henri  Canton,  Alain 
Mosset  and  Jean-Louis  Balladore, 
C.E.M.E.S.-L.O.E.,  Toulouse ,  France . 


4:15  *14.8 

SYNTHESIS  AND  PHYSICAL  PROPERTIES  OF  POLYMER 
FILMS  WITH  METAL  INCLUSIONS,  Eric  Kay.  IBM 
Almaden  Research  Center,  Physical  Science 
Department,  San  Jose,  CA. 

4:45  14.9 

FTIR  INVESTIGATIONS  OF  PLASMA  MODIFIED 
POLYMER  SURFACES  AND  THEIR  INTERFACES  WITH 
PLASMA  DEPOSITED  TUNGSTEN,  Klavs  F.  Jensen. 
Massachusetts  Institute  of  Technology, 
Department  of  Chemical  Engineering,  Cam¬ 
bridge,  MA;  Jihperng  Leu  and  Manoj  Dalvie, 
University  of  Minnesota,.  Department  of 
Chemical  Engineering  and  Materials  Science, 
Minneapolis,  MN. 
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11.1 

t’ECVD  RF  DISCHARGE  MODELS  REVIEW.  Alan  Garscadden,  Wright, 
Research  and  :  eve  1  opine nt  Centex,  Wright-Patterson  AFB,  OHIO 

Rapid  progress  has  been  made  recently  in  the  understanding 
cf  the  essential  features  of  RF  discharges.  The  discharge 
has  been  studied  by  several  distinct  approaches  ranging 
from  circuit  models,  diffusion  models,  Monte-Carlo,  and 
one-dimensional  Boltzmann  models.  The  coupling  of 
experimental  data  from  improved  diagnostic  methods  has 
resulted  in  a  convergence  of  the  conclusions  from  these 
different  theoretical  approaches.  A  self-consistent 
treatment  of  the  ionization  and  the  electric  field 
distribution  by  Boeuf  and  Belenguer <1989)  has  clarified  the 
importance  of  the  various  mechanisms  coupling  energy  into 
the  plasma.  A  two  group  model  was  used  to  describe  the  fast 
electrons  released  from  the  electrodes  and  the  sheaths  by 
ion  bombardment  and  the  slow  electrons  of  the  bulk  plasma. 
The  transport  equations  describing  the  two  electron  groups 
have  been  coupled  with  the  continuity  and  momentum  transfer 
equation!  and  Poisson's  equation.  There  resulted  four 
distinct  electron  energy  gan;  legimes:  a  time  dependent 
plasma  excitation;  fast  electron  ecitation  from  secondary 
emi ssion  ;  wave-riding  on  the  sheath  oscillation 
col iisional :  Kushner)  and  a  non-collisional  electron) 
•*ath  interaction  (Godyak) .  The  relative  contributions  are 
sensitive  functions  of  pressure,  frequency  and  RF  voltage. 
On  the  other  hand  if  the  discharge  is  strongly 
electronegative  the  plasma  approximation  is  quite  good. 
Similar  progress  on  understanding  of  the  homogeneous  plasma 
chemistry  also  will  be  illustrated.  There  still  remain 
•  he  problems  of  coupling  of  the  actual  deposition  or 

etching  effects  tc  the  plasma  conditions.  while  there  are 
some  examples  of  these  effects,  improvements  in  the  last 
area  depend  or.  experimentalists  providing  kinetic  data  for 
well-defined  conditions.  Some  consideration  of  modeling  the 
practical  problem  of  particle  contamination  is  also  made. 


1 :  JJ.HAr  21  MCrzir.Vj.  J.-f.  roej  i,  2V::tre  de  Rdysique 
ae  Tc-^.v^se,  (CTJRS,  ’JRA  277),  Ur.iversite  P. 
Hat-atier,  lie  Route  de  Narbcnne,  Toulouse,  France. 

2ir.oe  :r.e  publication  of  the  first  self-consistent  model  of 
r:  u _ gw  uis charges  by  Graves  and  Jensen  in  1986,  a  number 
■'*'  papers  have  oeen  devoted  to  rf  dicharge  models.  These 
wtiks  nave  contributed  to  clarify  a  number  of  points 
concerning  the  electrical  properties  of  these  discharges: 
space  and  time  variations  of  the  electric  field  and  charaed 
particle  densities,  role  of  the  sheath  field  and  of  the 
plasma  bulk  field  in  the  power  deposition.  These  results 
will  be  summarized  in  this  lecture. 

However,  several  questions  are  still  open  concerning  the 
results  obtained  with  the  different  existing  models  and  the 
"future"  of  rf  discharge  modeling. 

The  first  question  is  related  to  the  physical  oasis  of  the 
fluid  models.  Considering  the  wide  variety  of  physical 
assumptions  which  are  used  in  different  works,  it  might  be 
difficult  fox  the  non  specialist  to  have  a  global  idea  of 
tr.e  capability  of  the  models,  and  of  their  accuracy  and 
’ ‘ ability. 

second  concerns  the  validity  domain  of  the  fluid 
models,  and  the  problem  of  the  practical  use  of  more 
refined  models  {Monte  Carlo,  particle  in  cell)  when  fluid 
models  are  no  longer  valid  (e.g.  low  pressure) . 

*ne  third  question  is  related  to  the  plasma  chemistry  and 
to  what  can  be  expected  concerning  the  modeling  of 
practical  plasma  processing  conditions. 

These  questions  will  be  discussed  and  illustrated  with 
recent  results. 


:i .  3 

Till*  EFFECT  Of-  REACTOR  PRESSURE  ON  THE  GROWTH  OF 
GLOW  DISCHARGE  a-Si.N:H.  Walter  J.  Varhuc.  Dept,  ol  Electric.:! 
Unit.  Univ.  of  Vermont,  Burlington.  VT:  and  Kiri!  Pandebsev,  Jobn.son 
Maithey  Electronics,  P.  0.  Box  3(KK),  Trail,  B.  C.,  Canada. 

Thin  films  of  a*SiN:H  have  been  prepared  by  PECVD  using  a  capacitively 
coupled  RF  glow  discharge.  The  reactor  pressure  was  varied  from  30  u> 
300  mTorr.  Electrical  characterization  of  the  films  included  a  determination 
of  the  trapped  electron  density  and  electrical  resistivity.  Also  measured  was 
the  SiN  bond  and  total  bonded  H  concentration  by  FTIR  spectroscopy.  The 
change  in  reactor  pressure  effects  the  character  of  the  glou  discharge  by 
increasing  the  mean  free  path  of  both  ions  and  electrons.  This  in  turn 
effects  the  electron  energy  distribution  which  influences  the  production  rate 
of  reactive  species  and  the  energetic  ion  bombardment  which  influences 
several  physical  processes  ocurring  at  the  growth  surface.  In  this 
investigation  the  plasma  potential  and  density  have  been  determined  for  both 
Ar  and  SiF^/NHq  rf  discharges  as  a  function  of  pressure  with  an  emissive 
Langmuir  Probe. 

Film  resistivity  and  SiN  bond  concentration  have  been  found  to  decrease 
monotonicallv  with  increasing  reactor  pressure.  Total  bonded  H  content  in 
the  film  however  increases  with  reactor  pressure.  Trapped  electron  density 
does  not  appear  to  be  significantly  effected  by  reactor  pressure. 

The  plasma  potential  for  the  S1H4/NH3  discharge  initially  decreases  with 
reactor  pressure  as  also  observed  with  the  Ar,  yet  then  is  found  to  increase 
with  further  increase  of  reactor  pressure.  The  plasma  density  increase  for 
both  Ar  and  the  S1H4/NH3  discharge  as  reactor  pressure  is  increased. 

11.4 

INFRARED  LASER  ABSORPTION  STUDIES  OF  RADICAL  CONCEN¬ 
TRATIONS  IN  CH4  RADIO  FREQUENCY  PLASMAS.  Joda  C. 

Wormhoudt .  Center  for  Chemical  and  Environmental 
Physics,  Aerodyne  Research,  Inc.,  Billerica,  HA  01821 

Infrared  tunable  diode  laser  absorption  studies  of 
process  plasmas  are  being  carried  out  in  a  laboratory 
reactor  which  allows  a  long  absorption  path.  In  this 
paper  we  report  studies  of  CH4  radio  frequency  plasmas. 

For  these  studies,  the  reactor  had  an  absorption  path 
length  of  about  48  m.  It  has  an  active  volume  1  m  in 
length  and  15  cm  diameter,  excited  by  13.56  MHz  RF  with 
input  power  levels  of  100  to  1000  V.  The  electrodes  are 
shielded  from  the  plasma  by  a  teflon  liner. 

The  molecular  species  whose  concentrations  have  been 
measured  include  CH3,  and  C2H2  as  well  as  CH4.  Other 
CH4  plasma  species  for  which  we  plan  spectral  searches 
include  CH2,  C;H4  and  C2H5.  Observations  are  made  for 
ranges  of  reactor  parameters,  including  RF  power,  di¬ 
lution  by  Ar  or  H2,  total  pressure,  and  O2  addition. 
Estimation  of  the  plasma  temperature  from  rotational 
line  absorption  intensities  will  also  be  discussed. 

Recently,  several  groups  have  undertaken  detailed 
chemical  kinetic  modeling  of  CH4  discharges.  The 
*■  ■  •  •centrations  presented  here  should  be  of  use 
n»  assessing  the  predictive  capabilities  of  the  models. 

We  will  discuss  some  preliminary  comparisons  between 
models  and  experiment. 

11.5 

SILANE  PLASMA  CHEMISTRY  ONE  STEP  AT  A  TIME: 
SILICON  HYDRIDE  RADICAL-MOLECULE  KINETICS 

Joseph  M.  Jasinski,  IBM  Research  Division,  Thomas  J.  Watson 
Research  Center,  P.  O.  Box  218,  Yorktown  Heights,  NY  10598 

In  order  to  propose  and  quantitatively  test  models  for  the  plasma 
induced  growth  of  silicon  containing  thin  films,  it  is  desirable  to 
understand  which  silicon  radical  species  are  generated  in  the  gas 
and  how  quickly  they  are  removed  by  gas  phase  radical-molecule 
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reactions,  since  these  processes  ultimately  determine  the  flux  of  re¬ 
active  species  to  the  film  growth  surface.  Electron  impact 
dissociation  of  silane  readily  generates  all  possible  mono-silicon 
radical  species,  SiH*  (x  —  1-3).  Over  the  past  several  years  we  have 
developed  flash  kinetic  spectroscopy  techniques  to  generate,  directly 
detect  and  measure  absolute  reaction  rate  constants  for  these  radi¬ 
cals.  Results  of  these  studies  for  the  SiH,  SiH2  and  SiH3  radicals 
will  be  presented. 

Silylidyne,  SiH,  is  generated  in  the  excimer  laser  photolysis  of 
disilane  and  phenylsilane  and  detected  by  laser  induced 
fluorescence.  Silylene,  SiH2  is  generated  in  the  excimer  laser 
photolysis  of  disiiane,  phenylsilane  or  iodosilane  and  is  detected  by 
cw  laser  resonance  absorption.  Silyl,  SiH3,  is  generated  by  chlorine 
atom  abstraction  from  silane  or  by  excimer  laser  photolysis  of 
bromosilane  and  is  detected  by  infrared  diode  laser  spectroscopy. 
Absolute  reaction  rate  constants  for  the  removal  of  these  radicals 
by  a  variety  of  reaction  partners  have  been  measured  at  room  tem¬ 
perature.  The  results  provide  a  new  understanding  of  the 
thermochemistry  and  reactivity  of  these  radicals  and  a  simple  ex¬ 
planation  for  the  silicon  radical  concentrations  which  have  thus  far 
been  observed  in  silane  deposition  plasmas.  They  also  lead  to  the 
possibility  of  two  different  film  growth  mechanisms,  which  will  be 
discussed  briefly. 

n.e 

Laser- Ir.Suced  Fluorescence  of  Silicon  and  Silicon 
Konc-xide  in  a  Glov:  Discharge.  Anthony  J  -  Hynes, 
y.olecular  Sciences  Branch,  Georgia  Tech  Research 
Institute,  Georgia  Tech,  Atlanta,  Ga.  30332. 

laser-induced  fluorescence  (LIF)  shows  great 
potential  as  a  sensitive,  specific  and  potentially 
r.cr.- intrusive  diagnostic  ir.  plasr.a  enhanced 
■jnencal  vapor  deposition  (PECVD)  .  In  tins  work , 
we  report  the  observation  of  LIF  fror.  Si  and  Sic, 
tv:o  potentially  important  gas-phase  intermediates 
in  a  variety  of  PECVD  systems. 

..as  detected  in  a  low  pressure  glow  discharge 
in  am.  Ar  'SiH,.  mixture.  Fluorescence  was  excited 
using  a  f requepcy-doubled  lid-Yag  pumped  dye  laser 
exciting  the  4-Pj  -  3-Fj  transitions  at  *  252  and 
monitoring  both  spectrally  resolved  and  total 
fluorescence . 

SiO  was  detected  in  a  low  pressure  discharge  in  an 
Ar/SiCJ^/Oj  mixture.  Fluorescence  was  excited  via 
the  A'r  -  >;-  z~  transition  at  ~  230  nm  with 
dispersed  fluorescence  being  monitored. 

We  have  also  studied  Si  atom  production  in  the 
multi-photon  dissociation  of  SiCI,.,  SiK4  and 
Si(CK3)4  at  193  and  252  nm.  The  implications  of 
this  process  for  non-intrusive  LIF  diagnostics  of 
Si  atoms  will  be  discussed. 


SPATIAL  GENERATION  PROFILES  OP  ACTIVE  RADICALS  IN 
PLASMA-ENHANCED  CVD  OP  a-8i:H.  D,  Mataras. 

S.  Cavadias,  D.E.  Rapakoul ias ,  Institute  of 
Chenical  Engineering  and  High  Temperature 
Chemical  Processes,  Greece. 

Laser  Induced  Fluorescence  (LIF)  and  Optical 
Emission  Spectroscopy  (OES)  have  been  applied  in 
an  rf  silane  discharge,  for  the  simultaneous 
detection  of  spatially  resolved,  relative  conce¬ 
ntration  profiles  of  both  ground  state  and 
electronically  excited  SiH  radicals.  These 
measurements  were  carried  out  in  low  power  low 


depletion  conditions,  for  pressures  ranging  from 
bellow  20  mTorr  to  approximately  0.5  Torr,  in  pure 
silane  as  well  as  in  mixtures  with  He,  Ar  and  h2  . 
LIF  spatial  profiles  present  a  maximum  located  at 
approximately  lo  millimetres  from  the  rf 
electrode.  The  position  of  this  maximum  is 
insensitive  to  variations  of  pressure,  power, 
dilution,  buffer  gas  and  interelectrode  gap.  To 
the  contrary  the  emission  profile  is  sensitive  to 
pressure.  The  observed  differences  in  the  behaviour 
of  ground  state  SiH  and  electronically  excited  SiH 
are  attributed  to  the  anisotropy  of  the  electron 
swarm,  together  with  the  different  generation 
thresholds  of  the  two  radicals.  Considering  the 
fact  that  reactive  dissipation  dominates  over 
diffusional  transport  for  SiHn  (n<3)  radicals, 
under  usual  deposition  conditions,  spatial  profiles 
represent  the  stationary  silane  fragment  generation 
pattern.  The  dependence  of  these  profiles  on 
dilution  and  chamber  geometry  will  be  further 
discussed. 

II  .1 

ELECTRONIC  AND  CHEMICAL  PROPERTIES  OF  SILICON  CLUSTERS 
IN  REACTIONS  WITH  SILANE.  M.  L.  Mandich,  W.  D.  Reents.  Jr.,  and  K. 
D.  Kolenbrander,  AT&T  Bell  Laboratories,  Murray  Hill,  NJ. 

Formation  of  hydrogenated  silicon  dust  in  silane  plasmas  poses  formidable 
quality  control  problems  in  the  subminiaturization  of  silicon  devices.  Plasma 
diagnostic  studies  suggest  that  this  dust  begins  as  small  subsilane  ions  which 
grow  incrementally  by  reactions  with  silane.  Such  a  growth  process  must 
involve  small  hydrogenated  silicon  clusters  which  are  crucial  in  determining 
the  growth  rates  and  structures  of  larger  panicles. 

Our  studies  focuses  on  the  electronic  and  chemical  properties  of  small  bare 
and  hydrogenated  silicon  cluster  ions.  Charged  silicon  clusters  and  subsilane 
canons  are  prepared  and  reacted  with  silane  in  the  ion  cell  of  a  Fourier 
transform  mass  spectrometer.  Sequential  reactions  to  form  larger  hydro¬ 
genated  silicon  cluster  observed  at  room  temperature.  All  of  the  cluster¬ 
ing  sequences,  however,  encounter  early  kinetic  bottlenecks  which  prevent 
further  growth. 

Ab  initio  electronic  structure  calculations  arc  used  together  with  phase  space 
theorebcal  calculations  to  elucidate  the  potential  surfaces  for  silicon  cluster 
rear-ions  with  silane.  Two  unforeseen  mechanisms  are  uncovered  for  activa¬ 
tion  of  siiann  by  silicon  centers;  one  involves  four  center  transition  states, 
the  other  involves  strong  bridging  silicon-hydrogen  bonds.  Larger  hydro¬ 
genated  silicon  clusters  exist  as  highly  branched,  cyclic,  or  compact  species. 
Such  structures  arc  formed  at  the  expense  of  the  highly  reactive  silicon 
centers  required  for  activation  of  the  Si-H  bonds  of  silane. 

Our  findings  indicate  that  sequential  clustering  of  small  silicon  clusters  and 
subsilane  cations  with  silane  does  not  lead  to  formation  of  the  deleterious 
hydrogenated  dust  observed  in  silane  plasmas.  Furthermore,  the  microscopic 
surfaces  of  these  small  silicon  clusters  offer  a  model  for  studying  chemistry  at 
highly  reactive  silicon  centers. 

II  .  9 

"in  situ"  SUBSTRATE  TEMPERATURE  MEASUREMENT  DURING 
a-SiN  PLASMA  CVD  FROM  N  ROTATIONAL  TEMPERATURE. 

Shin  -  icriiro  I  sh  i  har a.  ARira  Dtsuka  1  Seiichi  Nagata 
Matsushita  Electric  Industrial  Co.  Central  Research 
Laboratories  Moriguchi  City,  Osaka  JAPAN 

PCVD  a-SiN  fila  is  character i zed  as  good  passiva¬ 
tion  fill  for  1C,  deposited  at  low  teaperatures. 

The  a-SiN  is  also  used  for  gate  insulator  of  a-Si:H 
TFT  which  is  applied  to  LCD-TV  addressing.  Fill 
chiracter i st i cs  are  largely  depend  on  its  deposi¬ 
tion  teiperatures.  Ve  suggest  "in  situ'  leasuring 
aethod  of  a-SiN  surface  teiperatures  through 
neighboring  gas  teiperatures  during  rf  (13.56MNz) 
depos  1 1 1 on. 

Rotational  teiperature  of  N  (C^TI  u- B^fl  g)°  3  is 

known  to  be  a  transfer  of  N  gas  teiperature  (Tg). 

Its  lifetiie  is  AOnsec,  so  Nj  entts  light  as  soon 
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as  the  H  is  excited  to  this  state.  There  are  no 
other  Kays  to  release  the  energy.  The  other  gases 
temperatures  should  be  the  same  because  of  aany 
collisions  in  glow  discharge  ambient  (slOOPa).  The 
emission  spectrum  at  406nm  were  not  affected  by 
S  i  H  ^ ,  NKj  I  H ,,,  mixing  as  »-SiH  raw  gases. 

Major  emission  in  the  rf  plasma  was  N.  and  H-.  Tg 
near  the  substrates  was  increased  with  2H,  ratto  of 
H,**,  mixture.  Higher  H-/(H.rH.)  ratio  deposition 
decreased  etching  rate  of  tne  a-SiH  by  HF  and  HH.F 
mixture,  and  increased  in  the  film  density,  similar 
to  the  phenomena  increasing  in  setting  substrate 
temperatures  which  were  also  observed  in  Tg.  In 
addition,  Tg  brought  a  lot  of  knowledge  about 
thermal  transfer  in  the  specific  PCVP  chamber  which 
can  be  used  for  the  "in  situ"  monitoring  of  PCVD 
a-SiN  deposition. 

12.1 

SILICON  TECHNOLOGY  AND  PECVD  MATERIALS:  ISSUES  AND 
CHALLENGES  Alain  S.  Hama,  and  Graham  W.  Hills  AT&T  Bell 
Laboratories,  555  Union  Boulevard,  Allentown  PA  1P103 

The  trend  toward  increased  complexity  of  silicon  VLSI  technology,  driven 
by  submicron  design  rules  and  multiple  levels  of  interconnects,  is  giving 
Plasma  Enhanced  CVD  processes  a  predominant  role.  Three  major  categories 
of  materials  are  emerging  at  crucial  to  successful  manufacturing:  (a) 
Dielectrics  for  interlevel  isolation  and  passivation,  away  from  active 
structures,  such  as  TEOS -based  oxide  (PETEOS),  and  silicon  nitride;  fb) 
Closer  to  the  gate/transistor  structure.  Dielectrics  for  isolation,  such  as 
PETEOS  and  borate/phosphale-doped  oxide  (BPSG),  or  gate-quality  oxides, 
such  as  downstream  Silane-based  oxidex  (c)  Conductors,  such  as  Tungsten 
or  Silicon.  The  drive  to  plasma  enhanced  deposition  is  irreversible. 

In  this  paper  we  review  some  of  the  current  issues  and  challenges  with 
emphasis  on  interievel  dielectrics  and  passivation.  No  final  answer  will  be 
given  but  hopefully  discussion  will  be  generated.  A  few  topics  that  will  be 
illustrated  are  outlined  below. 

-  Film  quality  requirements,  although  extensive,  are  fairly  well  defined. 
What  is  the  most  efficient  plasma  generation  to  achieve  them?  Should  the 
reactor  design  be  specific  or  generic? 

•  Will  the  understanding  of  mechanisms  (such  as  step  coverage)  dictate 
discharge  characteristics?  Is  the  required  step  coverage  incompatible  with 
film  quality?  Should  we  aim  for  maximum  or  minimum  step  coverage  ? 

•  The  issue  of  contaminants  (metals,  mobile  ions)  is  not  clearly  resolved. 
Will  it  slow  down  the  frantic  push  to  integrated  processing?  How  will 
integrated  processing  affect  device  fabrication  strategies? 

•  How  does  surface  conditioning  (both  aubstrate  and  hardware)  affect  the 
process  results?  Will  plasma  induced  damage  to  the  device  be  a  major 
concern?  What  is  known? 

12.2 

PLASMA  DEPOSITION  OF  SiN.Hu:  PROCESS  CHEMISTRY  VS.  FILM 
PROPERTIES.  Donald  L.  Smith.  Xerox  Palo  Alto  Research  Center, 
Palo  Alto,  CA  94304. 

"Silicon  nitride'  films  deposited  by  plasma-enhanced  chemical 
vapor  deposition  have  been  studied  for  over  two  decades  as 
diffusion  barrier  and  insulating  layers  in  integrated  circuitry,  yet 
the  chemistry  of  the  deposition  process  has  been  investigated 
only  recently.  We  have  analyzed  the  plasma  composition  using 
special  mass  spectrometric  techniques  and  have  correlated  it 
with  the  deposition  rate  and  properties  of  the  films  to  identify 
the  film-forming  precursor  species  and  their  surface  reactions. 
SiN„Hy  deposited  from  SiHq  in  excess  NH3  was  found  to  involve 
the  gas-phase  precursor  radical  triaminosilane,  SifNHzh,  which 
adsorbs  with  a  very  low  sticking  probability  and  then  chemically 
condenses  towards  S13N4  on  hot  substrates  with  the  evolution  of 
ammonia.  High-power,  SiH4-le«n  plasma  conditions  that 
maximize  reaction  to  triaminosilana  result  in  near-unity 
utilization  of  SiHa  and  product  N-rich  films  that  contain  none  of 


the  Si-H  bonding  that  has  been  associated  with  electrical 
defects.  When  N2  is  used  instead  of  NH3,  no  gas-phase  Si-N 
compounds  are  formed,  and  deposition  occurs  instead  by  the 
reaction  of  SiHn  radicals  with  N  atoms  at  the  surface.  In  either 
process,  insufficient  power  or  too  much  S1H4  make  the  reaction 
of  Si  with  N  incomplete,  leading  to  Si-H  bonding  and  lower  N/Si 
ratio  in  the  films.  These  compositional  changes  were  found  to 
significantly  affect  the  rate  of  charge  injection  and  trapping  in 
electrical  stressing  tests  on  MIS  structures.  Material  deposited 
from  a  SiH4-lean,  high  power  NH3  plasma  has  much  lower  a 
trapping  rate  for  both  electrons  and  holes  than  does  SiNxHy 
deposited  under  conditions  that  give  a  'stoichiometric'  N/Si 
ratio  of  4/3,  and  it  also  contains  much  less  grown-in  positive 
charge. 

12.3 

PLASMA  DEPOSITED  SILICON  NITRIDE  FILM  CHEMISTRY.  Justin  N. 
Chiane.  Dennis  W.  Hess,  Cheaicai  Engineering  Dept., 
University  of  California,  Berkeley,  Berkeley,  CA  94720. 

The  structure  end  coaposition  of  plasaa  deposited  (PD) 
silicon  nitride  thin  films ,  formed  using  NHj/SiH, ,  N^/SIH, , 
and  N2/SiH4/H2,  discharges  are  compared.  The  effect  of  a  DC 
grounded  stainless  steel  screen  placed  directly  over  the 
substrate  in  the  rf  glow  discharge  Is  also  discussed. 
Cheaicai  structure  and  composition  of  these  films  were 
measured  using  X-ray  Photoelectron  Spectroscopy  and  Fourier 
Transform  Infrared  Spectroscopy.  Significant  changes  are 
observed  in  film  composition  with  both  changes  in  gas 
coaposition  and  with  utilization  of  the  screen.  When  the 
screen  is  invoked,  variations  in  film  composition  are  more 
pronounced  for  PD  silicon  nitride .films  formed  using  N2.  An 
Increase  in  the  N:Si  ratio  occurs  for  all  films  deposited 
using  the  screen.  This  is  reflected  in  increased  N-H  and 
decreased  Sl-H  bonding.  Similar  changes  are  also  observed 
for  films  deposited  from  a  N2/SiH4/H2  discharge  as  compared 
to  films  formed  using  a  Nj/SiH,  discharge. 

12.4 

NITROGEN  INCORPORATION  REACTIONS  IN  HYDROGENATED  AMORPHOUS 
SILICON,  NITROGEN  ALLOYS  PRODUCED  BY  REMOTE  PECVD.  GN.Pareons 
and  G.Lucovsky,  Department  ol  Physics,  North  Carolina  State  University, 
Raleigh  N.C.  27695 

Hydrogenated  amorphous  silicon  (a-Si:H),  and  amorphous  silicon 
nitrogen  (a-Si,N:H)  alloys  for  thin  film  device  applications  are  typically 
produced  by  direct  plasma-enhanced  CVD.  or  glow  discharge  (GD).  As  an 
alternative  deposition  process,  we  have  louno  that  remote  plasma- 
enhanced  CVD  oilers  significant  advantages  by  providing  increased  control 
over  gas  phase  and  surface  reactions.  In  the  remote  PECVD  process,  silane 
is  not  excited  in  the  plasma-glow,  bui  is  indirectly  excited  by  species 
extracted  from  a  remote,  noble  gas  plasma.  By  using  SiHg/N^fHe  or  Ar) 
or  SiH4(NH3/(He  or  Ar)  mixtures  introduced  downstream  from  a  He 
plasma,  we  have  used  the  remote  PECVD  process  to  produce  a-Si,N:H 
alloys  containing  up  to  30  at.%  nitrogen  and  8  to  13  at.%  hydrogen.  We 
have  investigated  tne  bonding  environments  for  Si.  N.  and  H  using  ir.  and 
determined  the  nitrogen  and  hydrogen  concentrations,  |N]  and  [H], 
respectively,  using  SIMS.  We  have  related  these  results  to  the  gas  phase 
excitation  ol  N2  and  NH3,  and  to  nitrogen  incorporation  reactions  at  the 
growth  surface.  Using  N2  as  the  source  gas,  we  find  that  with  increasing 
(N):  1)  the  Si-H  stretching  mode  shifts  continuously  from  1990  cm'1  at 
[N]-0  at.%  to  2100  cm-i  ai  |N)»30  at.%:  2)  the  absorbance  of  the  Si-H 
bending  mode  begins  to  decrease  at  |N)  •  5  at.%.  and  disappears  tor  [N]  > 
25%;  and  3)  N-H  features  are  never  observed-  The  shill  of  the  stretching 
mode  and  the  decrease  in  the  bending  mode  absorbance  result  from 
..  luction  and  coupling,  respectively,  when  N  is  teck-bonded'  to  an  Si-H 
group.  These  results  demonstrate  that  at  the  deposition  surface,  nitrogen 
bonds  preferentially  to  silicon  (and  not  to  hydrogen),  and  that  Si-N  bond 
formation  is  statistical,  l.e„  Si-N  bonds  are  distributed  randomly  In  an 
a-SI:H  host  matrix.  When  a  small  amount  of  NH3  is  used  as  the  feed  gas 
instead  of  N2,  the  nitrogen  incorporation  rate  is  enhanced  by  a  factor  of 
about  two,  and  the  nitrogen  bonding  at  low  concentrations  (up  to  5  at.%) 
is  different,  in  that  nitrogen  atoms  appear  to  favor  silioon  sites  which  are 
spatially  removed  from  hydrogen  atoms. 
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12.5 


MICROWAVE  and  ECR  PLASMA  DEPOSITION  of  SiNx  for 
OPTOELECTRONICS.  Steven  Dzioba.  Bell-Northern  Research, 
Ottawa,  Ont.,  K1Y  4H7 ,  Canada. 


Motivated  by  incongruent  loss  of  Group  V  elements  at  high 
temperature  and  susceptibility  to  plasma  damage,  downstream 
microwave  and  ECR  plasma  processes  have  been  developed  for 
dielectric  deposition  for  optoelectronic  devices. 

High  quality  SiNx  and  SiOxNy  thin  films  have  been 
deposited  on  MOCVD  grown  InP/InGaAs  layers  at  300“C  and/or 
without  intentional  substrate  heating.  Pinhole-free,  low 
hydrogen  content  (<1021cm  3)  SiNx  films  can  be  prepared 
using  both  high  presusre  (1  Torr)  downstream  microwave 
plasmas  and  under  low  pressure  (1  mTorr)  ECR  conditions. 
However,  using  ECR,  with  low  energy  (50  eV)  ion  bombardment, 
films  show  a  decrease  in  wet  etch  rate  by  a  factor  of  10 
indicating  denser  films.  Stress  fcr  ECR  deposited  films  is 
2xl09  uynes/cm2  and  compressive. 

Further  physical/chemicai  film  characterization  illustrates 
the  role  of  ion  bombardment  versus  activated  metastable 
species  in  SiNx  film  properties. 

techniques  have  been  used  to  prepare  Zn  diffusion  masks 
for  p-i-n  detectors,  passivation  layers  and  high  quality 
optical  coatings  for  diode  lasers  and  other  optoelectronic 
devices. 


12 . 6 

CHARACTERIZATION  OF  Si,N4  FILMS  DEPOSITED  USING 
AN  ELECTRON  CYCLOTRON  RESONANCE  (ECR)  PLASMA. 

J.  P.  Siako.  Y.-Z.  Hu,  J.  W.  Andrews,  E.  A. 

Irene,  T.  M.  Mayer,  Dept,  of  Chemistry,  Univ. 
of  North  Carolina,  Chapel  Hill.  NC  27599 

Silicon  nitride  films  were  deposited  on  silicon 
substrates  in  a  microwave  ECR  plasma  at 
different  temperatures  and  microwave  power 
density.  The  chemical  composition  of  the 
deposited  films  were  measured  using  x-ray 
photoelectron  spectroscopy  (XPS)  and  attenuated 
total  reflectance  (ATR)  infrared  spectroscopy. 
In-situ  spectroscopic  ellipsometry  was  also 
used  to  monitor  film  composition  as  deposition 
proceeded.  The  films  were  deposj'ed  in  the 
afterglow  of  an  ammonia  or  nitrogen  discharge 
with  silane  introduced  above  the  sample 
surface.  Deposition  rates  of  two  hundred 
angstroms  per  minute  were  obtained  with  little 
dependence  on  temperature,  in  the  range  150  - 
450*C.  Films  deposited  at  <250*  showed  severe 
cracking  while  films  deposited  at  higher 
temperature  did  not.  correlation  between  XPS 
and  ATR  results  show  a  high  degree  of  Si-N 
bonding  in  the  films  with  Si-0  bonding 
primarily  at  the  surface  due  to  surface 
oxidation.  ATR  results  indicate  that  the 
concentration  of  Sl-H  and  N-H  bonding 
concentrations  in  films  were  higher  for  low 
temperature  deposited  films  and  were  still 
detectable  at  450*.  Ellipsometry  is  shown  to  be 
sensitive  to  composition  changes  in  the  film, 
such  as  H  incorporation,  during  growth. 

12.7 

CHARACTERIZATION  OF  THE  PLASMA  CHEMISTRY 
AND  FILM  COMPOSITION  OF  PECVD  SILICON  NITRIDE 
DEPOSITED  FROM  SILANE-NITROGEN  AND  SILANE- 
AMMONIA  MIXTURES  WITH  ARGON  ADDITIONS.  E* 
Quinn  B.  G.  Bagley,  B.  J.  Wilkem,  Bellcore,  Red  Bank,  NJ; 
and  B.  M.  Gallois,  Stevens  Inititute  of  Technology,  Hoboken, 
NJ. 

Silicon  nitride  filma  deposited  from  silane-nitrogen  and  tilane- 
ammonia  mixtures  by  PECVD  contain  large  amounts  of 


hydrogen.  We  have  determined  that  adding  argon  to  the  gas 
mixture  reduces  the  amount  of  hydrogen  in  the  resulting  films. 
Differences  in  film  composition  are  obviously  due  to  changes  in 
the  chemistry  of  the  discharge  which  was  characterized  by  line- 
of-sight  mass  spectrometry,  optical  emission  spectroscopy  and 
plasma  double  probe  measurements.  Substrate  temperature  was 
fixed  at  325  *C.  pressure  was  500  mtorr,  the  RF  power  was 
0.25  watts  cm-2,  the  silane  to  nitrogen  ratio  was  varied  from 
0.003  to  0.02,  the  silane  to  ammonia  ratio  was  varied  from  0.01 
to  0.5,  and  the  argon  additions  were  10%  of  the  total  flow. 
Argon  additions  to  the  discharge  increased  the  plasma  density 
in  both  ammonia  and  nitrogen  plasmas.  Optical  emission  from 
N2  and  SiH  species  increased  upon  addition  of  10%  argon  to 
the  silane-nitrogen  discharge,  whereas  the  NH  emission 
decreased  upon  10%  argon  addition  to  the  silane-ammonia 
lischarge.  Infrared  transmission  spectra  of  films  deposited  with 
ind  without  argon  show  no  change  in  peak  position  or  intensity 
of  Si-H  and  N-H  absorption  bands  in  the  spectral  range  studied, 
despite  a  large  (up  to  20  atom%)  reduction  in  hydrogen 
content,  as  determined  by  nuclear  profiling,  upon  the  addition 
of  argon.  These  results  suggest  that  a  substantial  fraction  of 
the  hydrogen  in  the  films  is  not  infrared  active.  We  propose 
that  the  reduction  in  hydrogen  content  is  due  to  bombardment 
of  the  growing  films  by  argon  ions,  which  sputter  the  adsorbed 
hydrogen  molecules. 


DIRECTIONAL  DEPOSITION  OF  SILICON  OXIDE  BY  A  PLASMA 
ENHANCED  TEOS  PROCESS  Julian  J,  Hsieh,  D.  E.  Ibbotxon,  D.  L.  Hamm 
and  J.  A.  Mucha  AT&T  Bell  Laboratories,  600  Mountain  Ave,  Murray  Hill, 
NJ  07974 

Plasma  enhanced  deposition  of  silicon  oxide  using  TEOS 
(teuaethoxysilane)  has  gained  wide  acceptance  as  a  coating  process  for 
interlevel  dielectric  applications.  Its  advantages  include  low  temperature 
processing  and  void-free  filling  for  medium  aspect  ratio  features  (up  to  -0.8). 
However,  future  devices  will  require  higher  density  metal  interconnection  and 
it  becomes  mote  difficult  to  deposit  void-free  coatings  over  surfaces  with 
severe  topography.  Even  a  perfectly  conformal  deposition  process  can 
produce  coatings  with  voids  and  regions  of  high  stress  on  features  of  high 
aspect  ratios  (>1).  One  potential  solution  to  this  problem  is  to  engineer  a 
directional  deposition  process  followed  by  a  planarization  step. 

This  paper  describes  the  deposition  of  silicon  oxide  from  TEOS  using 
helium/oxygen  mixtures  in  a  parallel  plate  rf  plasma  reactor.  Under 
appropriate  process  conditions,  highly  directional  deposition  of  low-stress, 
stoichiometric  silicon  oxide  is  achieved.  The  step  coverage  profiles  and  the 
chemical  and  physical  properties  of  these  SiOz  films  were  studied  to  gain  an 
understanding  of  the  origin  of  preferential  vertical  depositioa  The  typical 
deposition  conditions  used  in  this  study  were  1  torr  total  pressure,  320*C 
substrate  temperature,  1  -9%  TEOS,  0-80%  O2.  high  (14  MHz)  or  low  (150 
kHz)  applied  frequency  and  low  power  density  (-0.1  W/cmJ).  Step 
coverage,  chemical  stability  and  film  stress  were  found  to  be  most  dependent 
on  discharge  frequency  and  O2  flow.  This  dependence  will  be  explained  by 
the  various  effects  involved  in  the  oxide  deposition  mechani.  m. 

12.9 

RF  POWER  DEPENDENCE  OF  THE  MATERIAL  PROPERTIES  OF 
PECVD  SILICON  DIOXIDE.  J.D.  Chanole-Sokol.  IBM  General  Technology 
Division,  Hopewell  Junction,  NY;  E.  Tierney  and  J.  Batey,  IBM  TJ.  Watson 
Research  Center,  Yorktown  Heights,  NY. 

In  direct  RF  plasma  enhanced  chemical  vapor  deposition  (PECVD),  the  RF 
power  can  couple  both  with  gas-phase  species  and  with  the  evolving  film  surface. 
By  consequence,  changing  the  power  density  in  a  PECVD  system  can  have  a 
large  effect  on  both  the  nature  of  the  film  precursors  and  on  the  structure  of  the 
film  itself.  These  effects  can  be  observed  in  the  chemical,  electrical,  and  physical 
structure  of  the  film. 

We  have  examined  the  power  dependence  of  the  PECVD  reaction  of  a  dilute 
mixture  of  silane  and  nitrous  oxide  in  helium  to  deposit  silicon  dioxide  films. 
This  reaction  process  has  been  used  previously  to  deposit  near  thermal  quality 
films  with  excellent  electrical  properties1.  A  commercial  single  wafer  reactor  was 
used  at  power  densities  ranging  from  0.2  to  5  Watts/cmJ. 


315 


A  number  of  techniques  were  employed  to  examine  the  films,  including  chemical 
and  structural  evaluation  by  infrared  spectroscopy,  stress  measurements,  and  etch 
rates.  Electrical  properties  of  the  films  were  measured  using  I-V  and  C-V  tech¬ 
niques. 

The  broad  range  of  power  densities  used  in  this  study  permitted  a  substantial 
expansion  of  the  range  of  process  conditions  under  which  high  quality  oxide  films 
can  be  deposited.  Electrically  'thermal-like'  films  were  deposited  under  conditions 
that  led  to  widely  varying  physical  properties.  The  properties  of  these  PECVD 
films  will  be  compared  with  those  of  other  deposited  films  and  thermally  grown 
SiOj. 

12.10 

EVIDENCE  FOR  STRONGLY  ENHANCED  DEFECT  CREATION  IN  LOW- 

TEMPERATURE  PECVD  SiO,  FILMS.  R.  A.  B.  Devine*  and  R_. _ L^ 

Pfeifer.  US  Army  ETDL,  Fort  Monmouth,  NJ . 

Amorphous  Si02  films  have  been  deposited  by  plasma  enhanced 
chemical  vapor  deposition  (N20:SiH4  flow  ratio  of  40:1)  then 
‘-'^Co  gamma  irradiated.  We  observe  paramagnetic  defects 
similar  to  oxygen  vacancy  centers  which  are  created  at  least 
100  times  more  efficiently  in  as-deposited  oxide  than  in  Che 
same  oxide  annealed  for  1  hr  at  950°C  in  Ar .  Positive  fixed 
oxide  charge  creation  in  samples  irradiated  in  che  unbiased 
mode  has  a  fractional  yield  of  0.018  and  a  flatband  voltage 
variation  with  dose  of  8  mV/krad  for  an  1100  A  chick  capaci¬ 
tor.  The  positive  fixed  oxide  charge  and  paramagnetic  de¬ 
fects  do  noc  appear  to  have  the  same  (defect)  origin. 

13.1 

THE  ROLE  OF  LOW-ENERGY  ION/SURFACE  INTERACTIONS 
DURING  CRYSTAL  GROWTH  FROM  THE  VAPOR  PHASE: 
EFFECTS  ON  MICROCHEMISTRY  AND  MICROSTRUCTURE. 

J.  F-  Greene.  Department  of  Materials  Science,  the  Coordinated  Science 
Laboratory,  and  the  Materials  Research  Laboratory,  University  of  Illinois, 

1101  W.  Springfield  Ave.,  Urbana,  Illinois  61801. 

Low-energy  (<200eV)  ion  irradiation  during  crystal  growth  from  the  vapor 
phase  plays  an  important  and  sometimes  dominant  role  in  controlling  the 
growth  kinetics  and  physical  properties  of  films  deposited  by  glow 
discharge  and  ion  beam  sputter  deposition,  molecular  beam  epitaxy  using 
accelerated  dopants,  and  plasma-assisted  chemical  vapor  deposition, 
lon/surfacc  interaction  effects,  including  trapping,  preferential  sputtering, 
collisional  mixing,  and  surface  segregation  are  used  to  interpret  and  model 
experimental  results  concerning  the  effects  of  low-energy  particle  bombard¬ 
ment  on  nudeation  kinetics,  growth  kinetics,  enhanced  diffusion  at  inter¬ 
faces,  elemental  incorporation  probabilities,  and  dopant  depth  distribu¬ 
tions.  Of  particular  interest  are  the  results  of  recent  experiments  designed 
to:  (1)  determine  elemental  incorporation  probabilities  and  depth  profiles 
of  accelerated  dopants  in  MBE  Si  as  a  function  of  acceleration  energy  E 
and  growth  temperature  T,,  (2)  investigate  nucleation  and  growth  kinetics 
of  In  overlayers  using  primary-ion  deposition  as  a  function  of  Eja  and  T, 
on  clean  Si(100)2xl  surfaces,  (3)  use  molecular  dynamics  and  Monte  Carlo 
simulations  to  investigate  microstructure  evolution,  and  (4)  investigate  the 
role  of  low-energy  ion  irradiation  in  reducing  dislocation  densities  in  epi¬ 
taxial  TiN(100)  layers. 

13.2 

ION  BOMBARDMENT  EFFECTS  ON  SURFACE  COMPOSITION 
AND  STRUCTURE  IN  PLASMA  PROCESSING.  Thonan  M. 

Mayer,  Dapartaent  of  Cheniatry,  Univeraity  of 
North  Carolina,  Chapel  Hill,  NC  27S99 

Boabardaent  of  the  aubatrate  by  energetic  iona 
occura  in  all  plaaaa  proceaaea  in  which  the 
aubatrate  ia  in  contact  with  the  plaaaa.  The 
flux,  energy  and  identity  of  theae  iona  dependa 
greatly  on  the  type  of  plaaaa  and  operating 
condltiona.  Ion  energlea  can  range  froa  about 
keV  in  low  frequency,  low  preasure  dischargea, 
auch  aa  aputter  etching,  to  a  few  eV  in  high 
frequency,  magnetically  confined  diachargea 
auch  aa  aicrowave  ECR.  It  haa  been  ahown  that 
atructural  daaage  to  cryatalline  aubatratea  can 
occur  in  the  fora  of  point  defecta,  extended 
defecta,  and  aaorphoua  file  foreation  to  deptha 


roughly  corresponding  to  the  range  of  the  ion 
in  the  solid.  Compositional  aodif ications  are 
induced  by  ion  inplantation,  ion  nixing  of 
interfaces,  segregation,  and  preferential 
sputtering  effects,  the  nagnitude  and  depth  of 
these  effects  are  mitigated  also  by  novenent  of 
the  interface,  as  in  an  etching  or  deposition 
process.  He  will  consider  examples  primarily 
from  etching  of  Si  surfaces  using  inert  and 
reactive  gases,  contrasting  high  ion  energy 
bonbardaent  in  reactive  ion  etching  environment 
and  low  energy  bombardment  in  microwave  ECR 
environment.  In-situ  ellipsometric  techniques 
for  evaluation  the  extent  of  ion  bombardment 
induced  modifications  will  also  be  discussed. 

13.3 

REMOTE  PLASMA-ENHANCED  CHEMICAL  VAPOR  DEPOSITION 
OF  EPITAXIAL  SILICON  ON  SILICON  (100)  AT  15()°C.  T.  Hsu.  B. 
Anthony,  L.  Breaux.  S.  Banerjee,  and  A.  Tasch,  University  of  Texas, 
Austin,  TX 

Low  temperature  silicon  epitaxy  is  critical  to  future  generation  ultra-large 
scale  integrated  circuits  and  silicon-based  heterostructures.  In  this  study, 
remote  plasma-enhanced  chemical  vapor  deposition  has  been  used  to 
demonstrate  silicon  homoepitaxial  films  at  temperatures  as  low  as  150“C, 
the  lowest  temperature  reported  for  silicon  epitaxy.  The  process  relies  on 
a  stringent  ex-situ  preparation  and  loading  of  samples  as  well  as  an  in-situ 
remote  hydrogen  plasma  clean  of  the  surface  prior  to  epitaxy.  An 
ultra-high  vacuum  environment  (10'*^Torr)  is  utilized  to  achieve  and 
maintain  atomically  clean  surfaces. 

Substrates  are  prepared  with  degreasing  followed  by  an  RCA  clean.  Prior 
to  loading,  the  samples  undergo  a  dilute  HF  etch  to  remove  the  native 
oxide  and  to  passivate  the  surface  with  hydrogen.  The  samples  are  then 
loaded  in  a  nitrogen-purged  glove  box.  TTte  in-situ  clean  is  performed  at 
temperatures  at  or  below  300°C  with  a  total  pressure  of  45  mTorr  for  30 
minutes  at  low  rf  powers  (<15  W).  The  growth  proceeds  by  remotely 
exciting  the  source  gas,  silane,  with  energetic  species  extracted  from  the 
noble  gas  plasma,  such  as  Ar  metastable  gas  atoms  and  energetic 
electrons,  as  well  as  increasing  adatom  mobility  on  the  surface  via 
collisions  with  the  energetic  species.  Typical  parameters  for  the  growth 
include  a  total  pressure  of  200  mTori.  total  flow  rate  of  360  seem  and  a 
silane  flow  of  0.3  seem.  Characterization  of  the  films  has  been  done 
in  situ  using  RHEED  and  AES  and  ex-situ  using  TEM  and  Nomarski 
rence  contrast  microscopy.  The  films  grown  at  150°C  to  date  have 
a  thickness  of  250A  -  350A  and  show  excellent  crystallinity  by  the  above 
methods.  Growth  at  temperatures  below  150°C  have  yielded  amorphous 
films.  Excellent  quality  epitaxial  films  have  been  grown  in  the 
temperature  range  150°C  to  400°C. 

13.4 

REACTION  KINETICS  OF  EPITAXIAL  SILICON  DEPOSITION  AT 
200  400*C  USING  REMOTE  PLASMA  ENHANCED  CHEMICAL 
VAPOR  DEPOSITION.  B.  Anthony.  T.  Hsu.  L.  Breaux,  S.  Banerjee, 
and  A.  Tasch,  Microelectronics  Research  Center,  Department  of  Electrical 
and  Computer  Engineering,  The  University  of  Texas.  Austin,  TX  78712. 

In  this  paper  we  will  discuss  the  reaction  kinetics  of  Remote  Plasma- 
enhanced  Chemical  Vapor  Deposition  (RPCVD).  In  RPCVD,  an  argon 
glow  discharge  is  generated  remotely  from  the  substrate  using  radio 
frequency  (r-D  excitation.  Excited  species  such  as  argon  metastables  and 
energetic  electrons  are  transported  to  the  substrate  through  a  pyrex  tube. 
Silane  is  introduced  through  a  gas  dispersal  ring  immediately  upstream 
from  the  substrate  and  is  never  exposed  directly  to  the  glow  discharge. 
Thus  the  excitation  of  the  silane  is  limited  to  interaction  with  the  plasma- 
excited  argon  gas  over  a  distance  of  5- 10  cm  between  the  gas  ring  and  the 
substrate.  This  interaction  distance  is  variable  giving  additional  control 
over  gas  phase  reactions. 

The  growth  rate  has  been  found  to  be  dependent  on  temperature,  r-f 
power,  and  the  silane  flow  rate.  The  effects  of  these  variables  have  been 
studied  over  a  range  of  200-400’C,  5-30W  r-f  power,  and  5-30  seem  of 
siiane  at  constant  pressure.  The  deposition  rate  has  been  found  to  increase 
-harplv  with  increased  r-f  power  which  implies  that  energetic  electrons 
.re  nort  important  than  argon  metastables  since  metastable  concentration 
is  maximized  at  low  r-f  power.  A  plot  of  deposition  rate  vs.  temperature 
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yields  a  very  small  activation  energy  (Ea=0.25  eV)  which  is  much  smaller 
than  that  jf  thermal  CVD  (2.2  eV)  or  plasma-enhanced  CVD  (0.61eV)  in 
the  600-700'C  temperature  range  [1],  It  is  believed  that  this  low  Ea  is 
associated  with  plasma-enhanced  desorption  of  hydrogen  from  the  silicon 
surface. 

13.5 

DEVELOPMENT  OF  REMOTE  PLASMA  ENHANCED  CVD  PROCESSES 
THROUGH  THE  USE  OF  IN-VaCUO  ELECTRON  DIFFRACTION  AND  SUR¬ 
FACE  ANALYTICAL  TECHNIQUES.  R.A.  Ruddtr.  C.G.  Fouatiin,  S.V.  Hat. 
tangady,  ]£.  PealbiU,  ud  R.J  Markunu,  Reward)  Triangle  institute, 
Reward)  Triangle  Park,  NC  27709-21*4 

Remote  plasma  esbuced  chemical  vapor  deposition  is  now  being 
used  in  a  wide  variety  of  materials  processing.  The  materials  deposited 
can  be  amorphous  such  as  SiOs,  Si,N„  silicon  oxynitrides,  or  a-Si:H.  Or, 
the  materials  deposited  can  be  epitaxial  such  as  Si,  Oe,  dilute  SiC  alloys 
(carbon  <  6%),  or  GaN.  Tbs  wide  variety  of  materials  deposited  neces¬ 
sitates  a  variety  of  gaseous  reagent*  and  processing  conditions  be 
employed.  Arriving  at  conditions  suitable  for  the  deposition  of  one  par¬ 
ticular  materia)  has  been  assisted  through  the  ute  of  in  tttu  and  in  vacuo 
electron  diffraction  and  surface  analytical  techniques.  Unlike  molecular 
beam  techniques,  real  time  analysis  of  the  surfaces  under  processing  is 
not  possible  due  to  the  high  pressures  employed.  Instead,  one  has  to 
develop  processes  using  sequential  sampling  where  the  CVD  process  is 
interrupted  to  allow  evacuation  and  analysis  of  the  surface  structure  and 
chemistry. 

This  paper  diacusses  the  development  of  remote  plasma  CVD 
processes  using  both  in  *i(v  and  in  vacuo  surface  analysis  techniques. 
Specifically,  the  development  of  low-temperature  Si  processing  involving 
homoepitax.  below  800 ‘C  and  SiO,  deposition  will  be  discussed.  Plan 
and  cross-sectional  transmission  electros  diffraction,  reflection  high 
energy  electrot  diffraction,  and  electrical  mobility  data  will  be  given  sup¬ 
porting  the  quality  of  tbs  low  temperature  epitaxy.  High  frequency  and 
quasiftalic  capacitance-voltage  measurement*  are  used  to  evaluate  tbs 
,tity  of  interface  state  traps  at  the  SiOg/Si  interface.  In  both  the 
homoepitaxy  and  the  dielectric  depositions,  surface  cleaning  processes 
besed  on  remote  plasma  activation  of  hydrogen  baa  been  critical. 
Without  the  cleaning,  homoepitaxy  is  inhibited,  sod  SiO,/Si  interfaces 
have  exceedingly  high  densities  of  interface  state  traps.  Interface  trap 
densities  as  low  as  2  X  lO"“/cm’-«V  are  routinely  obtained. 

13.6 

HIGH  RATE  DEPOSITION  OF  HYDROGENATED  AMORPHOUS 
SILICON  PILKS  BY  ECR  PLASMA  CVD.  S.Ozaki, 
T-Akahorl.  T.Tani  and  S.Nakayama,  Sumitomo  Metal 
Industries  Ltd.,  Amagasaki,  Hyogo,  Japan 

Hydrogenated  amorphous  silicon  (a-Si:H) 
films  have  been  prepared  by  an  RF  plasma  CVD 
system.  It  was  applied  to  many  devices  such  as 
photoreceptors  and  photovoltaic  cells.  However, 
deposition  rate  of  the  RF  plasma  CVD  ia  in  order 
of  lOoA/min  to  lOOOA/min. 

Newly  developed  ECR  plasma  CVD  system  has 
high  powered  microwave  generator  and  high  exhaust 
property  in  order  to  obtain  high  deposition 
rate. 

By  using  this  system,  deposition  rate  lin¬ 
early  increases  with  the  increase  in  the  intro¬ 
duced  microwave  power  and  high  deposition  rate  of 
lj*m/min  was  achieved  at  microwave  power  of  2 . 5kW . 
Usually,  in  the  caee  of  the  RF  plasma  CVD,  it  is 
well-known  that  photosensitivity  is  deteriorated 
when  deposition  rate  extremely  increases.  In  the 
case  of  the  ECR  plasma  CVD,  this  phenomenon  wee 
not  appeared.  Photoconductivity  (a,)  increases 
with  the  increase  in  the  microwave  power,  a  is 
strongly  influenced  by  the  concentration  of  Si-H, 
bonds  which  decrease  with  the  increase  in  the 
microwave  power.  Darkconductivity  (e4)  is  inde¬ 
pendent  of  the  microwave  power  and  keeps  low 
value  of  lO‘uS/cm.  Films  prepared  at  deposition 
rate  of  Ipm/min  has  excellent  photosensitivity 
of  loq(ojot)i6  (a, is  measured  under  AMI  solar 


simulator) .  The  deposition  yield  of  SiH,  gas  is 
more  than  that  of  conventional  CVD  and  polymeri¬ 
zation  in  a  gas  phase  generated  Si  powder  is  not 
observed. 


13. 7 

THE  ELECTRICAL  AND  OPTICAL  PROPERTIES  OF 
AMORPHOUS  SILICON  ALLOYS  BY  PLASMA  -  ENHANCED  CVD 
METHOD.  M.  Kapur,  Cuang  H  .  Lin,  and  J.  O'M. 
Bockrls,  Department  of  Chemistry,  Texas  ABM 
University,  College  Station,  TX  77843 

High  and  low  bandgap  amorphous  silicon  thin  film 
alloys  (a.SlAl,  a.SiSe,  a:SiS,  a.SiCa  and 
a:SlAs)  were  prepared  by  p  1  a s ma - e nh an c e d 
chemical  vapor  deposition.  It  was  found  that 
Al ,  As,  and  Ga  amorphous  silicon  alloys  are  low 
bandgap  materials  whereas  a:SiS  and  a:SiSe  are 
high  bandgap  semiconductor.  The  optical  band 
gap  of  these  alloys  changes  from  1.1  eV  to  2.1 
eV,  depending  on  the  alloying  element  and  its 
concentration  in  the  film.  The  dark  to  light 
conductivity  ratio,  the  activation  energy  and 
the  Urbach  edge  ware  measured  for  different 
alloys  at  various  compositions.  The  structural 
properties  and  chemical  composition  ware  also 
analyzed  by  FTIR,  XPS,  SIMS  and  EPMA  techniques. 
The  results  show  that  these  amorphous  silicon 
alloys  are  promising  materials  for  multi- 
bandgap  photovoltaic  devices. 

13.8 

POLYHYDRIDE  BONDING  GROUPS  IN  PECVD  AMORPHOUS  Si  THIN  FILMS. 
B.N  Davidson.  G.N.  Parsons.  C.  Wang  and  G.  Lucovsky,  Department  of 
Physics,  North  Carolina  State  University.  Raleigh.  N.C.  27695-8202 

In  glow-discharge  deposition  (GD)  of  a-Si:H  alloys,  the  concentration  of 
electronically-active  defects  increases  as  the  incorporation  of  bonded 
hydrogen  in  polymerized  dihydride  groups.  (SiH2)„  increases.  Since  the 
fraction  of  dihydride  groups  increases  strongly  with  decreasing  substrate 
temperature  (Ts).  the  incorporation  of  these  bonding  groups  can  only 
effectively  be  reduced  by  restricting  Ts  to  about  230°C  or  higher.  We 
have  found  that  a-Si:H  films  produced  by  remote  plasma-enhanced 
chemical-vapor  deposition  (remote  PECVD)  are  qualitatively  different 
than  the  GD  films  in  the  following  ways:  1)  the  amount  of  bonded  hydrogen 
for  Ts  >  1 00”C  is  less  by  about  a  factor  of  about  two;  and  2)  the  fraction 
of  polyhydride  bonding  is  also  significantly  less  than  the  monohydride 
fraction  for  Tc  >100°C.  By  extending  our  studies  to  sputtered  films,  we 
have  shown  that  the  fraction  of  polyhydride  bonding  groups  scales  with 
the  total  concentration  of  bonded  hydrogen.  [H],  rather  than  any 
particular  deposition  variable.  We  have  developed  a  statistical  model  that 
provides  a  basis  for  translating  any  process-dependent  representation  of 
data  for  the  polyhydride  fraction  into  a  universally-obeyed  scaling 
relationship  in  which  the  independent  variable  is  [HJ.  We  have  used  two 
complementary  approaches:  1)  a  monte  carlo  method  based  on  a  finite 
matrix  of  bonding  sites  and  2)  an  analytical  formalism  for  an  infinite 
matrix  of  bonding  sites.  The  agreement  between  the  analytical  model  and 
’he  experimental  data  supports  our  observation  that  the  fraction  of 
^o'yhydride  bonding  is  not  determined  simply  by  Tt,  but  is  a  function  of 
the  particular  reaction  pathways  in  a  deposition  process  chemistry.  Our 
studies  ot  the  remote  PECVD  process  are  consistent  with  a  reduced 
availability  of  hydrogen  at  the  growth  surface  during  film  deposition.  We 
propose  that  the  initial  step  In  the  heterogeneous  surface  chemistry 
Involves  the  fragmentation  of  an  excited  silane  molecule,  SiH**  into  SiH2 
and  molecular  hydrogen,  H2.  In  contrast  in  the  GD  process,  there  is  a 
broader  spectrum  of  deposition  precursors,  and  in  general  more  hydrogen 
is  available  at  the  growth  surface,  and  hence  in  the  deposited  thin  films. 


317 


14.1 


DIAMOND  FORMING  DISCHARGES.  Peter  K.  Bachmann 
Philips  Research  Laboratories,  Aachen,  West  Germany. 

The  modern  era  of  metastable  diamond  growth  began  when 
Russian  scientists  published  papers  on  diamond  deposition 
from  the  gas  phase  in  1976  and  1981  [1].  They  suggested  to 
produce  the  necessary  quantities  of  atomic  hydrogen  required 
for  diamond  deposition  by  means  of  electrical  discharges. 
Researchers  in  Japan  subsequently  utilized  microwave 
plasmas  for  this  purpose  [2]  .  By  now,  numerous  groups  have 
confirmed  that  diamond  is  formed  from  hydrogen/hydrocarbon 
gas  mixtures  by  means  of  discharges.  Other  carbon  carriers 
along  with  oxygen/hydrogen  mixtures  were  sucessfully 
introduced.  Polycrystalline  coatings  were  formed  on  substrates 
ranging  from  insulators  to  metals  and  from  glasses  to  single 
crystals. 

A  wide  variety  of  plasma  deposition  methods  were  applied  for 
diamond  deposition.  Included  are  low  pressure  DC-,  RF-,  and 
microwave  plasma  CVD  from  non-isothermal  plasmas,  as  well 
as  the  utilization  of  arc  discharges,  plasma  jets  and  thermal  RF 
plasmas.  The  different  diamond  forming  discharges  wilt  be 
compared  with  respect  to  both  their  characteristics  and  their 
suitability  for  diamond  growth.  Special  emphasize  will  be  on 
->wave  plasma  CVD  and  DC  plasma  jet  deposition.  A  brief 
summary  of  the  properties,  the  characterization  and  practical 
applications  of  diamond  thin  films  will  also  be  included  in  this 
presentation. 

14.2 

THE  PLASMA  DEPOSITION  OF  SEMICONDUCTOR  MULTI¬ 
LAYER  STRUCTURES.  Masataka  H.rose  and  Seiichi 
Miyazaki,  Department  of  Electrical  Engineering, 
Hiroshima  University,  H i ga sh i -Hi roshi ma  7 24, 
Japan . 

Very  early  stages  of  the  plasma  enhanced  CVD  of 
silicon  based  materials  have  been  characterized 
on  atomic  scale  by  using  the  ultra  thin 
multilayer  structures.  The  thickness  of  the 
respective  layer  was  in  the  range  of  10  to  100 
A.  The  topological  aspects  of  the  deposited 
layers  have  been  studied  by  the  x-ray 
interference  and  diffraction.  The  chemical 
bonding  features  and  the  compositional 
abruptness  in  the  heterojunction  interfaces  have 
been  clarified  by  high  resolution  x-ray 
photoelectron  spectroscopy.  The  results  have 
revealed  that  the  reactive  species  impinging 
from  the  plasma  homogeneously  cover  the 
substrate  surface  and  layer  by  layer  growth 
takes  place  on  atomic  scale.  The  island  growth, 
which  is  a  known  mechanism  in  metal  thin  film 
teposition,  is  very  unlikely  in  the  case  of 
-lemi conductors  and  insulators.  Also,  inter¬ 
diffusion  or  compositional  mixing  of  the 
constituent  atoms  in  the  interface  is  negligible 
and  the  interface  is  atomically  abrupt.  From 
these  it  pecomes  evident  that  the  plasma 
enhanced  CVD  technique  can  offer  an  extremely 
uniform  ultra  thin  film  because  of  rather  high 
roDility  of  reactive  species  on  the  growing 
surface . 

14.3 

FORMATION  OF  MULTILAYER  HETEROSTRUCTURES  BY  CONTROL  OF 
PATHWAYS  IN  REMOTE  PECVD.  D.V.  T«u.  JA.  Tlwll,  S.S.  Kim,  and  Q. 
Luoovsky,  Department*  of  Physic*,  and  Materials  Science  and  Engineering 
North  Carolina  State  University,  Raleigh,  NC  27695-8202 

Studies  of  reaction  pathways  lor  the  deposition  of  silicon  suboxkfes 
(SiO,:H)  by  remote  PECVD  have  shown  that  two  simultaneous,  and  inde¬ 
pendent  reactions  control  thin  film  deposition,  on*  for  the  SIO2  "alloy* 


component  (Si-O-SI  bonds),  and  a  second  for  the  a-Si:H  component  (Si- 
Si,  and  Si-H  bonds).  In  a  Remove  PECVD  process  tor  Si02.  an  upstream 
rf  plasma  discharge  of  an  02/He  mixture  results  In  the  formation  of 
metastable  O2  species;  these  interact  with  unexcited  silane  at  the 
substrate  surface,  downstream  from  the  plasma-glow,  producing  the 
film.  We  find  that  changing  the  02/He  ratio,  alters  only  the  deposition 
rate  and  not  the  thin  film  bonding  groups.  In  the  a-Si:H  process,  the 
silane  must  be  plasma-activated;  i.e.,  thin  film  deposition  can  occur  only 
when  the  He  plasma  after-glow  extends  downstream  into  the  deposition 
region  and  interacts  with  the  silane.  By  biasing  a  grid  placed  between  the 
plasma  source  and  the  deposition  region,  the  plasma  after-glow  can  be 
electrically  switched  from  either  extending  or  not  extending  beyond  the 
grid,  thereby  respectively  opening  or  dosing  the  a-Si:H  deposition 
channel.  Using  gas  mixtures  tor  which  |02l«  |SIH4]  provides  an  oppor¬ 
tunity  to  electrically  switch  the  film  composition  between  SIOx:H  and 
SI02  without  changing  any  other  deposition  process  parameter.  To 
illustrate  these  aspects  of  the  Remote  PECVD  process  reactions,  we  have 
formed  SI02-Si0x:H-SI02  heterostructures  and  performed  CV 
measurements  of  their  properties.  The  injection  of  charge  into  the  SiOx 
layer  (200A),  and  its  trapping  time  in  that  layer  are  controlled  by 
varying  the  thickness  of  the  first  SIO2  layer,  while  maintaining  a 
relatively  thick  second  SI02  layer  (200A).  For  example  a  thickness  of 
about  50A  allows  tunneling  into  the  suboxide  layer  and  is  suffidently 
thick  to  maintain  charge  storage,  where  thicker  layers  (100A)  prevent 
tunnel  injection,  and  thinner  layers  (25A)  allow  substantial  charge 
release  out  of  the  suboxide  layer. 

14.4 

WIDE  AREA  DISC  SHAPED  PLASMA  SOURCE  FOR  ENERGY  ASSISTED 
MOCVD  OF  GaAs,  *  B.  Plhlstrom.  T.  Sheng,  Z.  Yu  and  G.  J. 
Collins,  Dept.  Electrical  Engineering,  Colorado  State 
University,  Fort  Collins,  CO  80523 


A  wide  area  disc  shaped  plasma  source  of  20cm  in  diameter 
generated  by  a  ring  shaped  cathode  electron  beam  is  used  to 
decompose  Trimethylgallium  (TMGa)  and  Trimethylarsenic 
(TMAs).  Volume  photo- absorption  of  VUV  photons  and 
sensitized  atom-molecule  collisions  with  excited  species 
and  radicals  can  all  assist  dissociation  of  the 
organometallic  feedstock  reactants.  In  addition,  the 
excited  radical  flux  and  VUV  impingement  on  the  film  may 
also  assist  heterogeneous  surface  reactions  and  increase 
surface  mobility  of  absorbed  species.  Mass  spectrometry 
studies  using  deuterium  as  a  replacement  for  hydrogen  as  a 
trace  gas  allowed  for  the  elicitation  of  decomposition 
pathways  of  TMGa  and  TMAs.  Byproducts  of  hydrogen  and 
helium  plasmas  were  also  studied  as  well  as  low  temperature 
homoepltaxial  GaAs  film  deposition. 

14.5 

I.CiW  T  KMI'I.KATT  RE  <11  \MM;  OK  Ge  AND  G:lM<  SIR- 
FACES  l  SING  HYDROGEN  DISSOCIATED  WITH  A  REMOTE 
NOW. E-GAS  DISCHARGE.  S  V.  HaUancady,  R.A.  Rudder,  M.J. 
Matitini.  G.C.  Fountain.  J.R.  Post  hill,  and  R.J.  Marku.ias. 
Research  Triangle  Institute,  Research  Triangle  Park.  NC  27709- 
219-1. 

The  native  oxides  of  Ge  and  GaAs  have  long  been  known  to 
preclude  the  formation  of  suitable  MIS  structures.  Furthermore, 
these  oxides  are  detrimental  to  low  temperature  homo-  and 
hetero-epitaxv  processes.  The  removal  of  these  native  oxides  is 
therefore  critical  to  epitaxy  and  MIS  processing. 

In  situ  cleaning  of  Ge  and  GaAs  surfaces  has  been  achieved  at 
300-376  *C  using  a  novel  technique  employing  hydrogen  that  is 
dissociated  using  a  remote  Ar  discharge.  Such  a  technique  circum¬ 
vents  the  problems  of  cross  contamination  introduced  from  a 
directly  excited  hydrogen  discharge  due  to  erosion  of  the  quartz 
tube  walls  by  the  active  hydrogen.  Reconstructed  surfaces  charac¬ 
teristic  of  clean  Ge  and  GaAs  surfaces  have  beeD  observed  with 
Reflection  High  Energy  Electron  Diffraction  (RHF.ED)  following 
such  a  treatment.  Auger  and  X-ray  Photoeiectron  Spectroscopy 
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(XPS)  analyses  show  that  such  a  treatment  removes  both  oxygen 
and  carbon  contamination  from  the  surface.  XPS  window  scans  on 
the  Ga-3d  and  the  As-3d  peaks  show  that  the  treatment  is  success¬ 
ful  in  removing  oxygen  bonded  to  both  Ga  and  As  on  the  GaAs 
surface. 

14.  i 

LOW-TEMPERATURE  PECVD  Si3N4  FILMS  FOR  GaAs  ENCAPSULATION  AND 
PASSIVATION.  R.  L.  Pfeffer,  R.  A.  Lux,  K.  A.  Jones,  and  R. 
A.  B.  Devine*,  US  Army  ETDL,  Fort  Monmouth,  NJ. 

We  have  begun  a  detailed  study  of  the  physical  properties  of 
Si3N^  films  deposited  at  low  temperatures  using  a  PECVD 
process  based  on  dilution  of  reactive  gases  with  inert  care 
rier  ga s ^  in  order  to  investigate  their  feasibility  for  use 
as  post-implant  encapsulants  and/or  device  passivation  lay¬ 
ers  for  GaAs.  The  films  and  substrates  are  analyzed  by  ion 
channeling,  elllpsometry ,  IR  spectrometry,  ESR,  RBS,  and  SEM 
to  evaluate  implantation-induced  substrate  and  interface 
damage  as  well  as  the  films'  optical  properties,  surface 
morphology,  stoichiometry,  uniformity,  stress,  and  electric¬ 
al  trapping  characteristics.  Following  furnace  or  RTA  an¬ 
nealing  they  are  recharacterized,  adding  SIMS  to  evaluate  As 
diffusion  into  the  films.  Both  Schottky  and  ohmic  contacts 
are  then  formed  and  used  to  measure  Hall  mobility,  trap 
density  and  1/f  noise.  Preliminary  results  of  these  studies 
are  presented  and  compared  with  those  obtained  using  other 
techniques  such  as  wafer-to-wafer  As  entrapment,  arsine 
overpressure,  or  conventional  CVD. 

14.7 

STRUCTURE  AND  MORPHOLOGY  OP  VITREOUS  CHALCOCENIDE 
THIN  FILMS  OBTAINED  BY  PLASMA-ENHANCED  CVD. 

Bernard  CROS,  Serge  PEYTAVIN,  Michel  RIBES. 
Laboratolre  de  Physlcochlmle  ties  Matlriaux 
Sol  ides,  U.  R. A.  D0407,  USTL,  place  Eug^ne- 
Batalllon,  34060  Montpellier  Cedex  1,  France;  and 
Henri  CAMON,  Alain  MOSSET.  Jean-Louls  BALLADORE, 

C.  E.  M.  E.  S. -L.  0.  E. .  29,  rue  Jeanne-ttarvlg,  310S5 
Toulouse.  France. 

Germanium  chalcogenlde  glasses  present  interesting 
properties  as  negative  photoresists  when  they  are 
sliver  sensitized.  In  this  work,  thin  films  were 
deposited  on  4  Inches  diameter  wafers  In  an 
Industrial  hot  wall  glow  discharge  equipment. 

Reactive  gases  are  germane  and  hydrogen  selenlde. 

The  layers  are  characterized  by  various  techniques 
:  EXAFS,  LAXS  ,  SEM,  TEM.  EXAFS  and  LAXS  studies 
allows  a  comparison  between  the  structures  of  thin 
films  and  those  of  komologcus  bulk  glasses. 

Morphology  studies  by  SEM  and  TEM  on  GeS«3  and 

GeSeg  g  compositions  reveal  an  heterogeneous 

structure  explained  by  a  demixtion.  The 
mlcrollthographlctnfluence  of  the  properties  of 
PECVD  chalcogenlde  films  on  the  microllthographic 
properties  of  chalcogenlde  films  obtained  by  PECVD 
were  compared  with  those  of  sputtering  deposited 
glasses  and  discussed. 

14.8 

SYNTlir.SIS  &  PHYSICAL  PROPERTIES  OF  POLYMER  FILMS 
WITH  METAL  INCLUSIONS.  Eric  Kav  ,  IBM  Almadcn  Rciearch 
Center,  San  Jow,  CA  95120 


The  ability  to  produce  metal  dusters  uniformly  dispersed  throughout  a 
polymeric  matrix  by  reactive  chemical  etching/tputtering  and 
simultaneous  plasma  polymerization  in  a  r.f.  capacitively  coupled  diode 
system  will  be  described.  The  utility  of  optical  emission  spectroscopy  to 
monitor  both  the  polymerization  precursors  and  metal  atoms  arriving  at 
the  film  growing  surface  will  be  mentioned.  Characterization  of  the  metal 
containing  plasma  polymerized  films  was  realized  using  X-ray  photo 


electron  spectroscopy,  X-ray  fluorescence,  Raman  spectroscopy,  electron 
microscopy  and  diffraction. 


The  size  and  volume  fraction  of  the  metal  particles  in  the  organic  matrix 
can  be  controlled  over  a  wide  range  and  the  resultant  changes  in  optical, 
electrical  and  magnetic  properties  of  the  composite  films  can  be 
examined.  Dielectric  breakdown,  electrical  percolation  phenomena, 
resonant  absorption  and  magnetic  phase  transitions  as  a  function  of 
metal  particle  size  and  volume  fraction  will  be  discussed.  Hydrocarbon 
versus  fluorocarbon  matrices  will  be  compared. 

14.9 

FTIR  INVESTIGATIONS  OF  PLASMA  MODIFIED  POLYMER 
SURFACES  AND  THEIR  INTERFACES  WITH  PLASMA 
DEPOSITED  TUNGSTEN  Jihpemg  Leu,  Manoj  Dalvie,  Department  of 
Chemical  Engineering  and  Materials  Science,  University  of  Minnesota, 
Minneapolis,  MN  55455,  and  Klavs  F.  Jensen.  Department  of  Chemical 
Engineering,  Massachusetts  Institute  of  Technology,  Cambridge,  MA 
02139. 


Surface  modification  of  polyimide  in  a  downstream  microwave 
CF4/NFj/02/Ar  plasma  has  been  studied  in  situ  by  Fourier  transform 
infhued  (FTIR)  reflection-absorption  spectroscopy.  Thin  polymer  films 
(100A-2000A)  were  prepared  by  spin  coating  gold  covered  silicon 
substrates.  Etch  rates  and  the  chemical  structure  of  the  polymer  surface 
were  monitored  as  function  of  gas  phase  composition,  plasma  treatment 
conditions  and  time.  NF3/Ar  and  CFVAr  plasmas  produced  significant 
surface  fluorination  in  terms  of  polyfluorinated  alkyl  and  aryl  compounds  as 
well  as  acyl  and  benzoyl  fluorides.  The  surface  fluorination  decreased  with 
02  content  in  the  etching  gas.  The  effect  of  humidity  on  the  plasma 
modified  polymers  was  evaluated  by  comparing  infrared  spectra  collected 
in  sim  and  after  air  exposure. 

Tungsten  was  deposited  on  the  surface  modified  polymer  surfaces  in  a 
radial  flow  parallel  plate  radio  freqency  (13.56  MHz)  WF6/H2  discharge  at 
150  °C  WF6/H2  ratios  less  than  1/10  produced  good  tungsten  films.  The 
nucleation  of  the  tungsten  films  has  been  investigated  as  a  function  of 
polyimide  surface  treatment  and  plasma  conditions.  The  interface  between 
the  tungsten  film  and  the  polymer  surface  was  characterized  by  ex  sim 
reflectance-absorbance  FTIR  measurements  through  the  back  side  of  the 
Si/polymer/metal  sandwich  and  comparison  with  physical  vapor  deposited 
tungsten.  Fluorinated  species  were  detected  at  the  metal  polymer  interface. 
The  surface/interface  chemistry  is  related  to  the  nucleation  and  adhesion  of 
the  tungsten  to  the  polyimide. 
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SESSION  J1 :  INTRODUCTION  TO  NEUTRON 
SCATTERING  AND  EXPERIMENTAL  TECHNIQUES 
Chair:  S.  M.  Shapiro 

Monday  Morning,  November  27 
Salon  J/K  (M) 

8:30  *J1.1 

NEUTRONS:  THE  KINDER,  GENTLER  PROBE  OF 

CONDENSED  MATTER,  John  D.  Axe.  Brookhaven 
National  Laboratory,  Department  of  Physics, 
Upton,  NY. 

9:00  * J1 . 2 

NEUTRON  SCATTERING  INSTRUMENTATION,  Roger 
Pyrin,  Los  Alamos  National  Laboratory, 
LANSCE,  Los  Alamos,  NM. 

9:30  *J1 . 3 

THE  ADVANCED  NEUTRON  SOURCE,  John  B.  Havter . 
Oak  Ridge  National  Laboratory,  Solid  State 
Division,  Oak  Ridge,  TN. 

10:00  BREAK 

10:30  J1.4 

THE  APPLICATION  OF  NEUTRON  TOPOGRAPHY  TO  THE 
STUDY  OF  X-RAY  SENSITIVE  ORGANIC  SINGLE 
CRYSTALS  -  A  POSSIBLE  ALTERNATIVE  TO  X-RAY 
TOPOGRAPHY,  M.  Dudley.  State  University  of 
New  York  at  Stony  Brook,  Department  of 
Materials  Science  and  Engineering,  Stony 
Brook ,  NY . 

10:45  J1 .5 

MULTIPLE  SMALL  ANGLE  NEUTRON  SCATTERING 
CHARACTERIZATION  OF  THE  DENSIFICATION  OF 
ALUMINA,  S.  Kraeaer  and  G.G.  Long,  National 
Institute  of  Standards  and  Technology, 
Gaithersburg,  MD;  and  R . A .  Page,  Southwest 
Research  Institute,  San  Antonio,  TX. 

11:00  J1.6 

THERMAL  DIFFUSE  SCATTERING  IN  NEUTRON  TIME- 
OF-FLIGHT  POWDER  PATTERNS,  Michael  J,  Radler 
and  Jerome  B.  Cohen,  Northwestern  Univer¬ 
sity,  The  Technological  Institute,  Departent 
of  Materials  Science  and  Engineering,  Evans¬ 
ton,  IL;  and  John  Faber  Jr.,  Argonne  Nation¬ 
al  Laboratory,  Materials  Science  Division, 
Argonne,  IL. 

11:15  J1.7 

REAL  SPACE  METHOD  OF  POWDER  DIFFRACTION  FOR 
NON-PERIODIC  AND  NEARLY -PERIODIC  MATERIALS, 
T.  Eoami .  B.H.  Toby,  W.  Dmowski ,  University 
of  Pennsylvania,  Department  of  Materials 
Science  and  Engineering,  Philadelphia,  PA; 
Chr.  Janot,  I  ns t i tut-Laue-Lange vi n  , 
Grenoble,  France;  and  J.D.  Jorgensen,  Ar¬ 
gonne  National  Laboratory,  Division  of 
Materials  Science,  Argonne,  IL. 


11:30  J1 .8 

NEUTRON  RIETVELD  ANALYSIS  OF  ANION  AND 
CATION  DISORDER  IN  THE  FAST-ION  CONDUCTING 
PYROCHLORE  SYSTEM  Y2 ( ZrxTi a_x ) 207 ,  Sossina 
M.  Haile  and  B.J.  Wuensch,  Massachusetts 
Institute  of  Technology,  Department  of 
Materials  Science  and  Engineering,  Cam¬ 
bridge,  MA;  and  E.  Prince,  National  In¬ 
stitute  of  Standards  and  Technology,  Reactor 
Radiation  Division,  Gaithersburg,  MD. 

11:45  J1.9 

SMALL  ANGLE  NEUTRON  SCATTERING  INVESTIGA¬ 
TIONS  OF  NANOPHASE  Ti ,  Ti02  AND  Pd,  J.E. 
Epperson .  Argonne  National  Laboratory, 
Materials  Science  Division,  Argonne,  IL; 
J.W.  White,  Australian  National  University, 
Research  School  of  Chemistry,  Canberra, 
Australia  and  Argonne  Fellow,  Argonne  Na¬ 
tional  Laboratory,  Argonne,  IL;  R.W.  Siegel, 
j .  A.  Eastman,  Argonne  National  Laboratory, 
Materials  Science  Division,  Argonne,  IL; 
Y.X.  Liao,  Sichuan  University,  Measure  and 
Testing  Center,  Chengdu,  China  and  Argonne 
National  Laboratory,  Materials  Science 
Division,  Argonne,  IL;  and  A.  Narayanasamy , 
University  of  Madras,  Department  of  Nuclear 
Physics,  Madras,  India  and  Argonne  National 
Laboratory,  Materials  Science  Division, 
Argonne,  IL. 

SESSION  J2 :  SURFACES.  FILMS  AND  INTERFACES 
Chair:  Gian  Felcher 

Monday  Afternoon,  November  27 
Salon  J/K  (M) 

1:30  *J2. 1 

SURFACES  INVESTIGATION  BY  NEUTRON  REFLEC¬ 
TION,  B.  Farnoux.  CEN  SACLAY ,  Laboratoire 
Leon  Brillouin,  Gif-sur-Yvette ,  France. 

2:00  J2t2 

VIBRATIONAL  SPECTROSCOPY  OF  SURFACE  SPECIES: 
INELASTIC  NEUTRON  SCATTERING,  J.  Tomkinsor. . 
Rutherford  Appleton  Laboratory,  United 
Kingdom;  and  G.J.  Kearley,  Institut  Laue 
Langevin,  Grenoble,  France. 

2:15  J2.3 

INTERDIFFUSION  OF  CADMIUM  ARACHIDATE  IN 
LANGMUIR-BLODGETT  FILMS,  P.  Stroeve,  J.F. 
Rabolt,  IBM  Almaden  Research  Center,  San 
Jose,  CA;  R.O.  Hilleke,  G.P.  Felcher,  Ar¬ 
gonne  National  Laboratory,  Material  Science 
Division,  Argonne,  IL;  and  S.H.  Chen. 
Massachusetts  Institute  of  Technology, 
Nuclear  Engineering  Department,  Cambridge, 
MA. 
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2:30  J2.4 

NEUTRON  RELFECTIVITY  STUDY  OF  GD-Y  INTER¬ 
FACE,  J.F.  Ankner  and  H.  Zabel,  University 
of  Illinois  at  Urbana-Champaign ,  Urbana,  IL; 
D.A.  Neumann,  C.F.  Majkrzak,  National  In¬ 
stitute  of  Standards  and  Technology, 
Gaithersburg,  MD;  A.  Matheny,  J.A.  Dura  and 
C.P.  Flynn,  University  of  Illinois  at  Ur¬ 
bana-Champaign,  Urbana,  IL. 

2:45  J2.5 

NEUTRON  DIFFRACTION  STUDIES  OF  Cdi.jjMnjjSe 
EPILAYERS  AND  ZnSe/MnSe  MULTILAYERS,  T.M. 
Giebultowicz .  University  of  Notre  Dame, 
Physics  Department,  Notre  Dame,  IN  and 
National  Institute  of  Standards  and  Technol¬ 
ogy,  Reactor  Radiation  Division,  Gaithers¬ 
burg,  MD;  P.  Klosowski,  University  of  Notre 
Dame,  Physics  Department,  Notre  Dame,  IN; 
J.J.  Rhyne,  National  Institute  of  Standards 
and  Technology,  Reactor  Radiation  Division, 
Gaithersburg,  MD;  N.  Samarth,  H.  Luo  and 
J.K.  Furdyna,  University  of  Notre  Dame, 
Physics  Department,  Notre  Dame,  IN. 

3:00  BREAK 

3:30  J2.6 

LOCAL  ENVIRONMENTAL  EFFECTS  IN  MAGNETIC 
ALLOYS  AND  MULTILAYERS:  CALCULATIONS  OF  THE 
STATIC  RESPONSE  FUNCTIONS,  D.D.  Johnson. 
Sandia  National  Laboratories,  Livermore,  CA; 
J.B.  Staunton,  university  of  Warwick,  Coven¬ 
try,  United  Kingdom;  B.L.  Gyorffy,  Univer¬ 
sity  of  Bristol,  Bristol,  United  Kingdom; 
F.J.  Pinski,  University  of  Cincinnati, 
Cincinnati,  OH;  and  G.M.  Stocks,  Oak  Ridge 
National  Laboratory,  Oak  Ridge,  TN. 

3:45  J2.7 

DETERMINATION  OF  HYDROGEN  DENSITY  PROFILES 
IN  THIN  FILMS  AND  MULTILAYERS  BY  NEUTRON 
REFLECTION,  C.F.  Maikrzak.  S.  Satija,  D. Neu¬ 
mann,  J.  Rush,  D.  Lashmore,  c.  Johnson, 
National  Institute  of  Standards  and  Technol¬ 
ogy,  Reactor  Radiation  Division,  Gaithers¬ 
burg,  MD;  J.  Bradshaw,  Optoline,  Andover, 
MA;  L.  Passell  and  R.  DiNardo,  Brookhaven 
National  Laboratory,  Upton,  NY. 

4:00  J2.B 

MAGNETOELASTIC  EFFECTS  IN  RARE-EARTH  MULTI¬ 
LAYERS  AND  FILMS,  R.w.  Erwin.  J.J.  Rhyne, 
National  Institute  of  Standards  and  Tech¬ 
nology,  Gaithersburg,  MD;  J.  Borchers,  R. 
Du,  M.B.  Salamon,  and  C.P.  Flynn,  University 
of  Illinois  at  Urbana-Champaign,  Urbana,  IL. 

4:15  J2.9 

THE  MORPHOLOGY  OF  SYMMETRIC  DI BLOCK  COPOLY¬ 
MERS  AS  REVEALED  BY  NEUTRON  RELFECTIVITY, 
S.K.  Satiia  and  C.F.  Majkrzak,  National 
Institute  of  Standards  and  Technology, 
Reactor  Radiation  Division,  Gaithersburg, 
MD;  S.H.  Anastasiadis  and  T.P.  Russell,  IBM 
Almaden  Research  Center,  San  Jose,  CA. 


4:30  J2.10 

A  NEUTRON  REFLECTIVITY  STUDY  OF  THE  ORDER- 
DISORDER  TRANSITION  IN  THIN  FILM  DIBLOCK 
COPOLYMER  FILMS,  S.H.  Anastasiadis,  T.P. 
Russell .  IBM  Almaden  Research  Center,  San 
Jose,  CA;  S.K.  Satija  and  C.F.  Majkrzak, 
National  Institute  of  Standards  and  Technol¬ 
ogy,  Gaithersburg,  MD. 

4:45  J2.ll 

THE  STUDY  OF  SURFACES  AND  INTERFACES  ON  THE 
REFLECTOMETER  CRISP  AT  THE  ISIS  PULSED 
NEUTRON  SOURCE,  J.  Penfold.  Rutherford 
Appleton  Laboratory,  Oxon,  United  Kingdom. 

SESSION  J3 :  PHASE  TRANSFORMATIONS 
AND  HIGH  Tc 
Chair:  J.  B.  Cohen 
Tuesday  Morning,  November  28 
Salon  J/K  (M) 

8:30  *J.3..,1 

MARTENSITIC  PHASE  TRANSITIONS,  PHONONS  AND 
DIFFUSION  PROPERTIES  IN  BCC  METALS,  VL. 
Petrv .  Institut  Laue-Langevin ,  Grenoble, 
France. 

9:00  J3.2 

STRESS  DEPENDENCE  OF  THE  SOFT  PHONON  BRANCH 
IN  MARTENSITICALLY  TRANSFORMING  Ni^2.5~ 
Al37>5,  S.M.  Shapiro.  Brookhaven  National 
Laboratory,  Department  of  Physics,  Upton, 
NY . 

9:15  J3.3 

POLARIZATION  RELAXATION  OF  THE  FERROELECTRIC 
KD2P04  USING  NEUTRON  SCATTERING,  Ron  Edge 
and  Vicki  Homer.  University  of  South  Caro¬ 
lina,  Physics  Department,  Columbia,  SC. 

9:30  J3.4 

PHASE  DEVELOPMENT  OF  AN  Al-Ti  COMPOSITE 
DURING  HEATING  UP  TO  1400°C,  H ■ -G  . 
Brokmeier .  TU  Clausthal,  Department  of 
Physical  Metallurgy,  and  GKSS  Research 
Center,  Geesthacht,  West  Germany;  M.  Klatt, 
GKSS  Research  Center,  Geesthacht,  West 
Germany;  and  C.  Ritter,  Institute  Laue 
Langevin,  Grenoble,  France. 

9:45  BREAK 

10:00  *J3 . 5 

NEUTRON  POWDER  DIFFRACTION:  A  POWERFUL 
MATERIALS  RESEARCH  TECHNIQUE,  W.I.F.  David. 
Rutherford  Appleton  Laboratory,  Oxon,  United 
Kingdom. 
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J4.2 


10:30  J3.6 

NEUTRON  SCATTERING  STUDY  OF  THE  STRUCTURE  OF 
YjBaCuOy.^  AT  294  K  AND  77  K,  S.L.  Town. 
B.A.  Hunter,  University  of  New  South  Wales, 
Advanced  Electronic  Materials  Group,  School 
of  Physics,  Kensington,  Australia;  R.L. 
Davis,  Australian  Institute  of  Nuclear 
Science  and  Engineering,  Menai,  Australia; 
and  K.N.R.  Taylor,  University  of  New  South 
Wales,  Advanced  Electronic  Materials  Group, 
School  of  Physics,  Kensington,  Australia. 

10:45  J3-7 

STRUCTURE  OF  ErBa2Cu3Ox  IN  THE  COMPOSITION 
RANGE  6 . 1<  X  <7.0,  E.  Pdrschke .  P.  Meuffels, 
Institut  f.  Festkorperforschung,  Julich, 
West  Germany;  and  B.  Rupp,  Paul  Scherrer 
Institut,  Labor  fur  Festkorperforschung, 
Villingen,  Switzerland. 

11:00  J3.8 

NEUTRON  POWDER  DIFFRACTION  STUDY  OF  THE 
STRUCTURES  OF  L a 1  _ g C a 1  .  1 Cu 2 06  AND 

La1>9Sr1-1Cu?o6 ,  _ Santoro.  F.  Beech, 

National  Institute  of  Standards  and  Technol¬ 
ogy,  Reactor  Radiation  Division,  Gathers- 
burg,  MD;  and  R.J.  Cava,  AT&T  Bell  Labora¬ 
tories,  Murray  Hill,  NJ. 

11:15  J3.9 

NEUTRON  DEPOLARIZATION  BY  FLUX  LATTICES  IN 
HI-TC  MATERIALS,  S.J.  Pickart.  A.C.  Nunes, 
M.L.  Crow,  University  of  Rhode  Island, 
Physics  Department,  Kingst^  Rl;  T.R. 
McGuire,  S.  Shinde  and  S.A.  ‘  hivashankar, 
IBM  T.J.  Watson  Research  C-  -.ter,  Yorktown 
Heights,  NY. 

11:30  J3.10 

USE  OF  NEUTRON  DIFFRACTION  IN  DETERMINING 
STRAINS  IN  HIGH-TFMPERATURE  SUPERCONDUCTING 

COMPOSITES,  D.,.S . _ Kupperman .  J.P.  Singh, 

Argonne  National  Laboratory,  Materials  and 
Components  Technology  Division,  Argonne,  IL; 
J.  Faber  Jr.  ,  and  R.L.  Hitterman,  Argonne 
National  Laboratory,  Materials  Science 
Division,  Argonne,  IL. 

11:45  .13.11 

HIGH  RESOLUTION  NEUTRON  POWDER  DIFFRACTION 
STUDIES  OF  THE  FERROELASTIC  PHASE  TRANSITION 
IN  LaNb04,  W.I.F.  David.  Rutherford  Appleton 
Laboratory,  Oxon,  United  Kingdom. 

SESSION  J4; _ ALLQXS-I 

Chair:  G.  Kostorz 
Tuesday  Afternoon,  November  28 
Salon  J/K  (M) 

1:30  Mlxl 

LATTICE  DEFECTS  STUDIED  BY  DIFFUSE  NEUTRON 
SCATTERING,  J.  Peisl .  Sektion  Physik,  LM 
Universitat,  Munich,  West  Germany. 


2:00 

NEUTRON  SCATTERING  STUDY  OF  THE  EQUILIBRIUM 
DEFECT  STRUCTURE  IN  UNDERSTOCHIOMETRIC  MnO, 
D.  Schuster,  Enka,  Wuppertal,  West  Germany; 
R.  Dieckmann,  Cornell  University,  Ithaca, 
NY;  w.  Schilling.  W.  Schweika,  IFF-KFA 
Julich,  Julich,  West  Germany. 

2:15  J4.3 

SHORT-RANGE  ORDER  IN  Q-BRASS ,  Les2ek 
Reinhard .  University  of  Houston,  Department 
of  Physics,  Houston,  TX;  Bernd  Schonfeld, 
Gernot  Kostorz,  ETH  Zurich,  Angewandte 
Physik,  Zurich,  Switzerland;  and  Willi 
Buhrer,  LNS  der  ETH  Zurich,  Paul-Scherrer- 
Institut,  Wiirenlingen,  Switzerland. 

2:30  J4.4 

SHORT  RANGE  ORDER  IN  CU-ZN:  A  COMPARISON  OF 
NEUTRON  DIFFUSE  SCATTERING  DATA  WITH  FIRST 
PRINCIPLES  RESULTS,  M.  Sluiter.  Lawrence 
Berkeley  Laboratory,  Berkeley,  CA  and 
Lawrence  Livermore  National  Laboratory, 
Condensed  Matter  Division,  Livermore,  CA; 
P.E.A.  Turchi ,  Lawrence  Livermore  National 
Laboratory,  Condensed  Matter  Division, 
Livermore,  CA;  D.M.  Nicholson  and  G.M. 
Stocks,  Oak  Ridge  National  Laboratory, 
Metals  and  Ceramics  Division,  Oak  Ridge,  TN; 
D.D.  Johnson,  Sandia  National  Laboratories, 
Livermore,  CA;  and  F.J.  Pinski ,  University 
of  Cincinnati ,  Department  of  Physics ,  Cin¬ 
cinnati  ,  OH. 

2:45  J4.5 

ORDERING  MECHANISM  IN  SUBSTITUTIONAL  Ni-Cr 
ALLOY:  EXPERIMENTS  AND  THEORY,  P.E.A. 

Turchi .  Lawrence  Livermore  National  Labora¬ 
tory,  Condensed  Matter  Division,  Livermore, 
CA;  R.H.  Howell,  Lawrence  Livermore  National 
Laboratory,  Physics  Department,  Livermore, 
CA;  A.L.  Wachs,  M.J.  Fluss,  Lawrence  Liver¬ 
more  National  Laboratory,  Condensed  Matter 
Division,  Livermore,  CA;  F.J.  Pinski,  Uni¬ 
versity  of  Cincinnati,  Department  of 
Physics,  Cincinnati,  OH;  D.M.  Nicholson  and 
G.M.  Stocks,  Oak  Ridge  National  Laboratory, 
Metals  and  Ceramics  Division,  Oak  Ridge,  TN; 
and  w.  Schweika,  Institut  filr  Festkorper¬ 
forschung  der  Kernforschunglanlage  Julich, 
Julich,  west  Germany. 

3:00 

PHONON  DISPERSION  IN  THE  ALLOY  Cu0 , 85A1 0 ? 15 , 
Henry  Chou.  S.M.  Shapiro,  Brookhaven  Nation¬ 
al  Laboratory,  Department  of  Physics,  Upton, 
NY;  S.C.  Moss,  University  of  Houston,  Phys¬ 
ics  Department,  Houston,  TX;  and  M.E.  Mos- 
toller,  Oak  Ridge  National  Laboratory,  Solid 
State  Division,  Oak  Ridge,  TN. 

3:15  BREAK 
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3:45  J4.7 

COMPOSITION  AND  TEMPERATURE  DEPENDENCE  OF 
THE  SHORT  RANGE  ORDER  DIFFUSE  SCATTERING  IN 
Alc  A<?i-c  ALLOYS,  G.M.  Stocks  and  D.M. 
Nicholson,  Oak  Ridge  National  Laboratory, 
Oak  Ridge,  TN;  F.J.  Pinski,  University  of 
Cincinnati,  Cincinnati,  OH;  J.B.  Staunton, 
University  of  Warwick,  United  Kingdom;  D.D. 
Johnson,  Sandia  National  Laboratory,  Liver¬ 
more,  CA;  and  B.L.  Gyorffy,  University  of 
Bristol,  United  Kingdom. 

4:00  J4.8 

PHASE  DIAGRAMS  AND  DIFFUSE  NEUTRON  SCATTER¬ 
ING,  R.  Caudron.  F.  Solal,  A.  Finel  and  M. 
Sarfaki,  ONERA,  Chatillon,  France. 

4:15  J4.9 

DIFFUSE  NEUTRON  SCATTERING  STUDY  OF  THE 
SHORT-RANGE  ORDER  IN  Fe  20at%  A1  ALLOY, 
Werner  E.  Schweika.  Institut  fur  Festkorper- 
forschung,  KFA  Julich  GmbH,  Julich,  West 
Germany. 

4:30  J4.10 

LATTICE  MISFIT  AND  DECOMPOSITION  IN  NI-AL-MO 
ALLOYS,  Hector  Calderon  and  Gernot  Kostorz , 
ETH  Zurich,  Angewandte  Physik,  Zurich, 
Switzerland. 

4:45  J4.ll 

INFLUENCE  OF  INTERSTITIAL  OXYGEN  ON  THE 
LATTICE  PARAMETERS  OF  SOLUTION-TREATED  AND 
AGED  TI-8.6AL  ALLOYS,  George  T.  Gray  III  and 
A . C .  Lawson,  Los  Alamos  National  Laboratory, 
Los  Alamos,  NM. 

5:00  J4-12 

IN-BEAM  SMALL-ANGLE  SCATTERING  STUDIES  OF 
PHASE  SEPARATION  IN  M.-TI  SINGLE  CRYSTALS, 
Alberto  Cerri,  University  of  Vienna,  Solid 
State  Physics  Department,  Wien,  Austria; 
Bernd  Schofeld  and  Gernot  Kostorz .  ETH 
Zurich,  Angewandte  Physik,  Zurich,  Switzer¬ 
land;  Albert  F.  Wright,  Institut  Laue-Lan- 
gevin,  Grenoble,  France. 

SgSSIQlL.JS; _ ALLOYS  II  AMD  RESIDUAL  STRESS 

Chair:  B.  Wuensch 
Wednesday  Morning,  November  29 
Yarmouth/Vineyard  (M) 

8:30  * J5 . 1 

COMPOSITION  AND  PROFILE  DETERMINATION  OF 
LIGHT  ELEMENTS  BY  NEUTRON  ABSORPTION  REAC¬ 
TIONS,  R.  Gregory  Downing.  George  p.  Lamaze, 
John  K.  Langland  and  Brent  L.  Grazman, 
National  Institute  of  standards  and  Technol¬ 
ogy,  Gaithersburg,  MD. 


9:00  J5.2 

DISTRIBUTION  OF  BORON  IN  ION  IMPLANTED 
Hgi_x-CdxTe ,  Robert  C.  Bowman  Jr.  and  John 

F.  Knudsen.  The  Aerospace  Corporation,  El 
Segundo,  CA;  and  R.  Gregory  Downing,  Nation¬ 
al  Institute  for  Standards  and  Technology, 
Gaithersburg,  MD. 

9:15  J5.3 

SANS  MEASUREMENT  OF  HYDROGEN-DISLOCATION 
CORRELATION  IN  PALLADIUM,  Brent  J.  Heuser. 

G. C.  Summerfield,  J.S.  King,  University  of 
Michigan,  Department  of  Nuclear  Engineering, 
Ann  Arbor,  MI;  and  J.E.  Epperson,  Argonne 
National  Laboratory,  Material  Science/IPNS 
Department,  Argonne,  IL. 

9:30  J5.4 

STUDY  OF  PREFERRED  ORIENTATION  IN  GEOLOGICAL 
SAMPLES  WITH  PULSED  NEUTRONS,  Allen  C. 
Larson,  Phillip  J.  Vergamini,  Manuel  Lujan 
Jr.,  Los  Alamos  National  Laboratory,  Neutron 
Scattering  Center  (LANSCE),  Los  Alamos,  NM; 
Rudy  Wenk,  University  of  California,  Berkel¬ 
ey,  Department  of  Geology  and  Geophysics, 
Berkeley,  CA. 

9:45  BREAK 

10:00  * J5 . 5 

RESIDUAL  AND  APPLIED  STRESS  ANALYSIS,  Aaron 
D.  Krawitz .  University  of  Missouri,  Depart¬ 
ment  of  Mechanical  and  Aerospace  Engineer¬ 
ing,  Columbia,  MO. 

10:30  JS.6 

RESIDUAL  STRESS  MEASUREMENTS  BY  MEANS  OF 
NEUTRON  DIFFRACTION,  H.J.  Prask  and  C.S. 

Choi,  National  Institute  of  Standards  and 
Technology,  Reactor  Radiation  Division, 
Gaithersburg,  MD. 

10:45  J5.7 

RESIDUAL  STRESS  ANALYSIS  BY  NEUTRON  TIME-OF- 
FLIGHT  AT  A  REACTOR  SOURCE,  H.G.  Priesmeyer. 
Institut  fur  Reine  und  Angewandte 
Kernphysik,  Universitat  Kiel,  Geesthacht, 
West  Germany;  and  J.  Schroder,  Institut  fur 
Werkstof f orschung,  Geesthacht,  West  Germany. 

11:00  .ZILJ. 

EFFECT  OF  HEAT  TREATMENT  AND  UNIAXIAL  COM¬ 
PRESSION  ON  THE  RESIDUAL  STRESSES  IN  U-0.8 
wt.  %  Ti  ALLOY  MEASURED  BY  NEUTRON  DIFFRAC¬ 
TION,  A.  Salinas-Rodriguez .  T.M.  Holden, 
J.H.  Root,  S.R.  MacEwen,  Chalk  River  Nuclear 
Laboratories,  Ontario,  Canada;  and  G.M. 
Ludtka,  Martin-Marietta  Energy  Systems,  Oak 
Ridge,  TN. 
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11:15  J5.9 

NEUTRON  MEASUREMENT  OF  RESIDUAL  STRESSES  IN 
A  USED  RAILWAY  RAIL,  Peter  J.  Webster.  Keng 
S.  Low,  Gordon  Mills,  University  of  Salford, 
Department  of  Civil  Engineering,  Salford, 
United  Kingdom;  and  George  A.  Webster, 
Imperial  College,  Department  of  Mechanical 
Engineering,  London,  United  Kingdom. 

11:30  J5.10 

NEUTRON  DIFFRACTION  ANALYSIS  OF  RESIDUAL 
STRESS  IN  CORROSION  RESISTANT  ALLOYS,  Mich¬ 
ael  P.  Anderson,  Exxon  Research  and  En¬ 
gineering  Company,  Annandale,  NJ;  Maurice 
Watkins .  Exxon  Production  Research  Company, 
Houston,  TX;  and  David  Vakmin,  Brookhaven 
National  Laboratories,  Upton,  NY. 

11:45  J5.ll 

NEUTRON  DIFFRACTION  MEASUREMENT  OF  STRESS 
FIELD  DURING  FATIGUE  CYCLING  OF  A  CRACKED 
TEST  SPECIMEN,  M.T.  Hutchings.  C.A. 

Hippsley,  and  V.  Rainey,  Harwell  Laboratory, 

Materials  Physics  and  Metallurgy  Division, 
Didcot,  United  Kingdom. 

SESSION  J6 :  POLYMERS  AND  DISORDERED  SYSTEMS 
Chair:  G.  G.  Long 

Wednesday  Afternoon,  November  29 
Yarmouth/Vineyard  (M) 

1:30  *J6 . 1 

DYNAMICS  OF  STAR-BRANCHED  POLYMERS  IN  SOLU¬ 
TION,  J.S.  Huang  and  L.J.  Fetters,  Exxon 
Research  and  Engineering  Company,  Annandale, 
NJ;  D.  Richter  and  B.  Farago,  Institut  Laue- 
Langevin,  Grenoble,  France;  and  B.  Ewen,  Max 
Planck  Institut  Fur  Polymerforschung,  Mainz, 
West  Germany. 

2:00  J6.2 

MICROSTRUCTURE  AND  ISOTOPIC  LABELING  EFFECTS 
ON  THE  MISCIBILITY  OF  POLYBUTADIENE  BLENDS 
STUDIED  BY  THE  SMALL  ANGLE  NEUTRON  SCATTER¬ 
ING  TECHNIQUE,  S.  Sakurai ,  H.  Hasegawa,  T. 
Hashimoto,  I.G.  Hargis,  S.L.  Aggarwal  and 
C.C.  Han.  National  Institute  of  Standards 
and  Technology,  Polymers  Division,  Gaithers¬ 
burg,  MD. 

2:15  J6.3 

CHARACTERIZATION  OF  MOLECULAR  NETWORK  OF 
THERMOSETS  USING  NEUTRON  SCATTERING,  Wen-Ii 
Wu .  National  Institute  of  Standards  and 
Technology,  Polymers  Division,  Gaithersburg, 
MD. 

2:30  ifuA 

SHEAR  INDUCED  PHASE  BEHAVIOR  OF  POLYMER 
BLENDS  BY  SMALL  ANGLE  NEUTRON  SCATTERING, 
Alan  I.  Nakatani .  Hongdoo  Kim,  and  Charles 
C.  Han,  National  Institute  of  Standards  and 
Technology,  Polymers  Division,  Gaithersburg, 
MD. 


2:45  J6.5 

THERMODYNAMIC  INTERACTION  PARAMETERS  OF 
STEREOREGULAR  PMMA ,  James  M.  O'Reilly 
Eastman  Kodak  Company,  Corporate  Research 
Laboratories,  Rochester,  NY;  Hsinjin  Yang, 
Eastman  Kodak  Company,  Commercial  Systems 
Information  Group,  Rochester,  NY;  and  David 
Teegarden,  Eastman  Kodak  Company,  Corporate 
Research  Laboratories,  Rochester,  NY. 

3:00  BREAK 

3:15  * J6 . 6 

STRUCTURE  AND  DYNAMICS  OF  GLASSES  AND  LI¬ 
QUIDS,  David  L.  Price.  Argonne  National 
Laboratory,  Materials  Science  Division, 
Argonne,  IL. 

3:45  J6.7 

CROSSOVER  IN  THE  VIBRATIONAL  DENSITY  OF 
STATES  OF  SILICA  AEROGELS  STUDIED  BY  HIGH- 
RESOLUTION  NEUTRON  SPECTROSCOPY,  H.  Conrad. 
Argonne  National  Laboratory,  Materials 
Science  Division,  Argonne,  IL;  R.  Schatzler, 
Institut  fur  Festkorperforschung  der  KFA 
Jiilich,  Julich,  West  Germany;  and  J.  Fricke 
and  G.  Reichenauer,  Physikalisches  Institut 
der  Universitat  Wurzburg,  Am  Hubland,  Wurzb¬ 
urg  ,  West  Germany . 

4:00  J6.8 

VIBRATIONAL  EXCITATIONS  OF  WEAKLY  CONNECTED 
SOLIDS,  D.W.  Schaefer.  C.J.  Br inker,  and 
C.S.  Ashley,  Sandia  National  Laboratories, 
Albuquerque,  NM;  D.  Richter  and  B.  Farago, 
Institute  Laue-Langevin ,  Grenoble,  France. 

4:15  J6.9 

VIBRATIONAL  SPECTRA  FOR  HYDROGENATED  AMOR¬ 
PHOUS  SEMICONDUCTORS,  W.A.  Kamitakahara .  R. 
Biswas,  A.M.  Bouchard,  Iowa  Sate  University, 
Ames  Laboratory  and  Microelectronics 
Research  Center,  Ames,  IA;  F.  Gompf  and  J.B. 
Suck,  Kernf orschungszentrum  Karlsruhe,  INFP, 
Karlsruhe,  West  Germany. 

4:30  J6.10 

INELASTIC  NEUTRON  SCATTERING  STUDIES  OF 
NONLINEAR  OPTICAL  MATERIALS:  p-NITROANILINE 
ADSORBED  IN  ALPO-5,  Jacqueline  M.  Nicol . 
University  of  Maryland,  College  Park,  MD  and 
National  Institute  of  Standards  and  Technol¬ 
ogy,  Reactor  Radiation  Division,  Gaithe¬ 
rsburg,  MD. 

4:45  J jSllII 

DIFFUSE  NEUTRON  SCATTERING  FROM  EXCESS 
OXYGEN  IN  U02.i3,  J .  P .  Goff  and  M.T. 
Hutchings  .  Harwell  Laboratory,  Materials 
Physics  and  Metallurgy  Division,  Didcot, 
United  Kingdom;  and  w.  Hayes,  Clarendon 
Laboratory,  Oxford,  United  Kingdom. 
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5:00  J6.12 

COMPARISON  OF  NEUTRON  ELASTIC  AND  INELASTIC 
SCATTERING  FROM  FUSED  QUARTZ,  CAB-O-SIL  AND 
AEROGEL,  John  H.  Root.  William  J.L.  Buyers, 
Atomic  Energy  of  Canada  Ltd.,  Chalk  River, 
Canada;  John  H.  Page,  University  of  Mani¬ 
toba,  Winnipeg,  Canada;  Dale  W.  Schaefer  and 
C.J.  Brinker,  Sandia  National  Laboratories, 
Albuquerque,  NM. 

SESSION  J7 :  POLYMERS  AND  DISORDERED  MFDT A 
Chair:  T.  P.  Russell 
Thursday  Morning,  November  30 
Yarmouth/Vineyard  (M) 

8:30  J7.1 

STUDY  OF  THERMAL  EXPANSION  OF  GRAPHITE  AND 
HNO3-GIC  BY  NEUTRON  DIFFRACTION,  Haim  Pinto, 
Mordechai  Melamud.  and  Hagai  Shaked,  Negev 
Nuclear  Research  Centre,  Beer-Sheva,  Israel. 

8:45  J7.2 

CHARACTERIZATION  OF  SOL-CLAY  COMPOSITES  BY 
SMALL-ANGLE  NEUTRON  SCATTERING,  Ahmad  Mnini 
and  Thomas  J.  Pinnavaia,  Michigan  State 
University,  Department  of  Chemistry  and 
Center  for  Fundamental  Materials  Research, 
East  Lansing,  MI;  and  P.  Thiyagara  jan , 
Argonne  National  Laboratory,  IPNS  Division, 
Argonne,  IL. 

9:00  J7.3 

NEUTRON  SCATTERING  STUDY  OF  LAYERED  SILI¬ 
CATES  PILLARED  WITH  MULT  IMETHYLAMMON IUM 
IONS,  D,  A.  Neumann.  J.J.  Rush,  National 
Institute  of  Standards  and  Technology, 
Reactor  Radiation  Division,  Gaithersburg, 
MD;  J.M.  Nicol ,  National  Institute  of  Stan¬ 
dards  and  Technology,  Reactor  Radiation 
Division,  Gaithersburg,  MD  and  University  of 
Maryland,  College  Park,  MD;  Y.B.  Fan,  H. 
Kim,  S .  A.  Solin,  T.J.  Pinnavaia,  Michigan 
State  University,  Department  of  Physics, 
East  Lansing,  MI;  N.  Wada,  Colorado  School 
of  Mines,  Department  of  Physics,  Golden,  CO; 
and  S.F.  Trevino,  National  Institute  of 
Standards  and  Technology,  Gaithersburg,  MD 
and  ARDEC,  Picatinny  Arsenal,  NJ. 

9:15  17.4 

OBSERVATION  OF  MICELLAR  FORMATION  IN  THE 
CAVITY  OF  POROUS  SILICA  GLASS,  Kenneth 
Argonne  National  Laboratory,  Ar¬ 
gonne,  IL;  Sow-Hsin  Chen,  Massachusetts 
Institute  of  Technology,  .Nuclear  Engineering 
Department,  Cambridge,  MA;  and  Pappannan 
Thiyagara jan,  Argonne  National  Laboratory, 
Argonne,  IL. 

9:30  J7 . 5 

ANALYSIS  OF  SANS  FROM  CONTROLLED  PORE  GLAS¬ 
SES,  N . F .  Berk r  C.J.  Glinka,  W.  Haller  and 
L.C.  Sander,  National  Institute  of  Standards 
and  Technology,  Gaithersburg,  MD. 


9:45  J7.6 

CHARACTERIZATION  OF  CHEMICALLY  MODIFIED  PORE 
SURFACES  BY  SMALL  ANGLE  NEUTRON  SCATTERING, 
C.J.  Glinka.  L.C.  Sander,  N.F.  Berk  and  W. 
Haller,  National  Institute  of  Standards  and 
Technology,  Reactor  Radiation  Division, 
Gaithersburg,  MD. 

10:00  BREAK 

10:15  J7.7 

PRECURSOR  MORPHOLOGY  AND  MICROSTRUCTURE 
EVOLUTION  IN  POROUS  SILICA  BY  SMALL  ANGLE 
SCATTERING,  G.G.  Long.  S.  Krueger,  D.R. 
Black,  and  J.P.  Cline,  National  Institute  of 
Standards  and  Technology,  Gaithersburg,  MD; 

R .  A .  Gerhardt,  Rutgers  University,  Pis- 
cataway,  NJ;  and  P.R.  Jemian,  Northwestern 
University,  Evanston,  IL. 

10:30  J7 ■ 8 

SMALL  ANGLE  NEUTRON  SCATTERING  STUDY  OF 
CRITICAL  BINARY  FLUIDS  IN  POROUS  GLASSES, 

S. B.  Dierker  and  P.  Wiltzius,  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ. 

10:45  J7.9 

SMALL  ANGLE  NEUTRON  SCATTERING  STUDY  OF  SOL- 
GEL  GLASSES,  P.  Wiltzius  and  S.B.  Dierker, 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ. 

11:00  J7.10 

USE  OF  NEUTRON  DIFFRACTION  AND  RIETVELD 
ANALYSIS  TO  STUDY  THE  BEHAVIOR  OF  NEUTRON 
IRRADIATED  URANIUM  SILICIDES,  R.C.  Birtcher, 
M.H.  Mueller.  J.W.  Richardson  Jr.,  Argonne 
National  Laboratory,  Materials  Science 
Division,  Argonne,  IL;  and  J.  Faber  Jr., 
Amoco  Research  Center,  Naperville,  IL. 

11:15  J7..--I1 

HELIUM  DENSITIES  IN  BUBBLES  PRODUCED  IN 
IRRADIATED  NICKEL  MEASURED  BY  SMALL  ANGLE 
NEUTRON  SCATTERING,  Q.  Li,  HMI  Berlin  GmbH, 
Metallische  Werkstoffe,  Berlin,  West  Ger¬ 
many;  D.  Schwahn .  H.  Schroeder,  W.  Kester- 
nich,  and  H.  Ullmaier,  KFA  Julich  GmbH, 
Institut  fur  Festkorperforschung,  Julich, 
West  Germany. 


11:30  J7.12 

SURFACE  EVAPORATION  IN  A  POLYMER  MIXTURE  OF 
LONG  AND  SHORT  CHAINS,  Russell  J.  Composto 
and  Richard  S.  Stein,  University  of  Mas¬ 
sachusetts,  Polymer  Research  Institute, 
Amherst,  MA;  G.P.  Felcher,  A.  Mansour,  and 
A.  Karim,  Argonne  National  Laboratory, 
Argonne,  IL. 
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11:45  J7-13 

TRANSESTERIFICATION  KINETICS  OF  A  MAIN  CHAIN 
AROMATIC  POLYESTER,  W.  A.  MacDonald,  IC1 
Advanced  Materials,  Materials  Research 
Centre,  Cleveland,  United  Kingdom;  G. 
McLean,  A.D.W.  McLenaghan,  and  R.W. 
Richards .  University  of  Strathclyde,  Depart¬ 
ment  of  Pure  and  Applied  Chemistry,  Glasgow, 
United  Kingdom. 

12:00  J7.14 

SANS  STUDY  OF  CAPILLARY  CONDENSATION  IN 
PORUS  MEDIA,  M.Y.  Lin.  National  Institute  of 
Standards  and  Technology,  Gaithersburg,  MD, 
and  Princeton  University,  Department  of 
Physics,  Princeton,  NJ;  S.K.  Sinha,  J.S. 
Huang,  B.  Abeles  and  J.M.  Drake,  Exxon 
Research  and  Engineering  Company,  Annandale, 
N  J . 
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Jl.  1 

NEUTRONS:  THE  KINDER,  GENTLER  PROBE  OF  CONDENSED 
MATTER,  John  D,  Axe.  Brookhaven  National  Laboratory, 
Upton  ,  NY. 


Neutrons  are  a  nearly  ideal  structural  probe  of  bulk 
condensed  matter.  They  are  electrically  neutral, 
penetrate  deeply  and  interact  weakly  (but  precisely) 
with  the  atomic  nuclei.  Light  atoms  and  neighboring 
atoms  in  the  Periodic  Table  can  be  readily 
distinguished.  Because  neutrons  have  a  magnetic 
moment,  the  magnetic  arrangement  of  electrons  (and 
even  of  nuclei!)  can  also  be  probed.  Being  relatively 
massive,  (unlike  x-rays  and  electrons),  neutrons  with 
wave-lengths  comparable  to  interatomic  distances  have 
meV  rather  than  keV  or  eV  energies,  allowing  inelastic 
scattering  studies  of  phonons,  spin  waves  and  other 
thermal  excitations.  For  areas  as  diverse  as  depth 
profiling  and  residual  stress  analysis  to  the  structure 
of  polymers  and  glasses,  neutrons  provide  unique  and 
indispensab'o  information.  This  talk  will  try  to  provide 
an  overview  of  the  versatility  and  subtlety  of  modern 
thermal  neutron  scattering  techniques,  and  their 
present  and  future  role  in  condensed  matter  research. 

Jl  .2 

NEUTRON  SCATTERING  INSTRUMENTATION.  Roger  Pynn, 
LAN'SCE,  Lot  Alamos  National  Laboratory,  Los  Alamos,  NM87545. 

Because  neutron  scattering  is  a  signal-limited  technique,  specialized 
instrumentation  has  been  developed  to  measure  various  features  of  the 
fluctuation  spectra  of  materials.  In  spite  of  this  diversity,  most  neutron 
scattering  spectrometers  are  constructed  from  a  small  number  of  optical 
elements  each  of  which  serves  to  define  either  the  energy  or  the  trajectory  of 
a  neutron  beam.  A  variety  of  the  optical  elements  which  are  in  use  at 
teacior-based  installations  and  pulsed  spallation  sources  will  be  discussed  in 
this  talk.  In  addition,  I  will  describe  the  way  in  which  powder  and  single- 
ciystal  diffraction,  small  angle  scattering,  reflectometry  and  some  types  of 
inelastic  scattering  are  carried  out  in  practice  at  both  types  of  source.  I  will 
also  consider  the  limitations  which  current  neutron  scattering  spectrometers 
place  on  our  ability  to  obtain  information  from  the  technique.  This  pan  of 
the  presentation  should  permit  potential  users  to  better  assess  whether 
neutron  scattering  can  contribute  to  a  solution  of  their  research  problems. 

Jl  .3 

THE  ADVANCED  NEUTRON  SOURCE.  John  B.  Havter.  Solid  Stale 
Division,  Oak  Ridge  National  Laboratory,  P.O.  Box  2008,  Oak  Ridge, 
Tennessee  37831-6393. 

The  Advanced  Nentron  Source  (ANS)  is  a  new  user  experimental  facility 
planned  to  be  operational  at  Oak  Rjdge  In  the  late  1990's.  The  center- 
piece  of  the  aNS  will  be  a  steady-state  research  reactor  of  unprecedented 
thermal  neutron  flux  •  9-  10W  nr2'  r1)  accompanied  by  extensive  and 
comprehensive  equipment  and  facilities  for  neutron-based  research.  The 
ANS  provide#  the  firat  opportunity  In  more  than  two  decades  to  construct  a 
neutron  research  faculty  in  which  the  reactor,  beamlinei  and  Instruments 
are  designed  as  an  optimal  Integrated  package,  taking  advantage  of  the 
many  now  technique*  which  have  been  developed  since  the  advent  of  the 
ILL  high  flux  reactor  In  Grenoble  (d^-l.J'  101*  m-2'»-’).  Stete-of-the-ert 
facilities  will  be  provided  tor  fundamental  end  nuclear  physics  studies, 
materials  Irradiation,  radioisotope  and  transuranic  element  production, 
end  materials  analysis,  but  the  primary  role  of  the  ANS  will  be  to 
support  neutron  scattering  tor  condensed-matter  research. 

Neutron  spectra  wOJ  be  available  in  ell  energy  range*  of  interest  to 
material*  science,  a  hot  source  (T>2000  K)  will  be  instrumented  tor  studies 
of  magnetic  end  other  excitations  up  to  about  100  meV  energy  transfer,  as 
well  as  tor  diffraction,  while  thermal  beams  (T«320  JC)  will  provide  the 


best  available  faculties  tor  conventional  neutron  scattering  studies  at 
the  atomic  or  small-molecule  scale.  The  most  extensive  instrumentation 
will  be  for  studies  of  materials  on  the  nm  to  pm  scale,  tor  example, 
colloids,  polymers,  ceramics,  alloys  and  composites.  These  Instruments  will 
be  situated  in  a  low-background  guide  hall,  into  which  beams  from  two  cold 
sources  (T-20  K)  will  be  carried  by  neutron  guides.  There  will  be  routine 
provision  of  neutron  polarization  analysis,  an  extremely  important  technique 
which  to  date  has  suffered  from  marginal  intensity  at  existing  source*. 
Polarisation  analysis  has  obvious  applications  in  aU  studies  of  magnetic 
materials,  but  it  has  equally  powerful,  though  leas  well-known,  application! 
in  non-magnetic  studies,  tor  example  of  subtle  structural  correlation  effects 
in  polymers. 

J1.4 

THE  APPLICATION  OF  NEUTRON  TOPOGRAPHY  TO  THE 
STUDY  OF  X-RAY  SENSITIVE  ORCANIC  SINGLE 
CRYSTALS  -  A  POSSIBLE  ALTERNATIVE  TO  X-RAY 
TOPOGRAPHY.  M ■ Dud  I e  y .  Dept,  of  Materials  Science 
and  Engineering,  SUNY  at  Stony  Brook,  Stony 
Brook  NY. 

Neutron  topography  has  been  carried  out  on 
organic  single  crystals  of  varying  X-ray 
sensitivity,  in  order  to  test  the  feasibility  of 
the  technique  as  an  alternative  to  X-ray 
topography  for  the  study  of  the  influence  of 
defects  on  the  solid  state  reactivity  of  X-ray 
sensitive  single  crystals.  Specimens  studied 
include  the  diacetylene  PTS,  and  Pyrene.  A 
comparison  of  the  strain  sensitivity  and  spatial 
resolution  of  the  neutron  and  X-ray  based 
techniques  is  made.  Preliminary  results  of 
dynamic  neutron  topographic  studies  of  the  UV 
Induced  polymerization  in  PTS  are  presented. 
These  results  are  compared  to  those  obtained 
from  similar  X-ray  topographic  studies. 

Results  indicate  that  the  neutron  technique  is  a 
useful  ally  technique  to  the  analogous  X-ray 
techniques  in  studies  of  the  influence  of 
defects  on  reactivity  in  specimens  of  moderate 
X-ray  sensitivity.  In  cases  of  extreme 
sensitivity,  the  neutron  technique  is  the  only 
one  available  for  studies  of  this  nature. 

Synchrotron  topography  performed  in  part  on 
fcearollne  X-19C  at  the  NSLS  which  is  funded  by 
DOE  under  contract  I  DE-FG02-84 E R 4 5 09 8 .  Neutron 
topography  experiments  were  performed  at  ILL, 
Grenoble,  and  were  funded  by  the  SERC. 

J1.5 

MULTIPLE  SMALL  ANGLE  NEUTRON  SCATTERING  CHARACTERIZATION 
OF  THE  DENS  I  FI  CATION  OF  ALUMINA.  S.  Krueger  and  G.G. 
Long.  National  Institute  of  Standaids  and  Technology 
tformeriy  NB5),  Gaithersburg,  MD;  and  R.A.  Page,  Southwest 
Research  Institute,  San  Antonio,  TX. 

Multiple  small  angle  neutron  scattering  (MSANS)  was  used 
to  characterize  the  pore  evolution  of  q-a1203  sintered  to 
densities  ranging  from  57  to  99%  of  theoretical  density 
(TD) .  When  multiple  scattering  dominates  the  total 
scattering  cross-section,  effective  radii  for  the  pore 
size  distributions  are  obtained  by  measuring  the 
wavelength  dependence  of  the  shape  of  the  scattering 
curves  at  low  scattering  vector.  The  size  regime 
available  to  this  technique  lies  between  0.08  and  10  pm, 
which  is  the  relevant  microstructure  size  range  in 
ceramics,  compared  to  the  1  to  100  ru»  range  generally 
available  with  small  angle  neutron  scattering  methods. 

Conventionally  sintered  AljOa  samples  were  studied,  and 
the  results  indicated  an  initial  decrease  in  the  effective 
pore  radius  from  0,19  pm  at  571  TD  to  0.17  pm  at  79%  TD. 
As  the  sample  density  further  increases,  the  effective 
pore  radius  grows  more  rapidly  to  >0.5  pm  at  99%  TD. 
Standard  Porod  analysis  on  the  high  angle  portion  of  the 


330 


v  <r  .it  i  o>;  ttfit;  -ihows  n  gradual  increase  in  the 
effective  port?  ra-.iius  as  the  sample  density  increased  from 
57%  to  79%  TD,  and  then  a  more  rapid  increase  upon  further 
densif ication.  Both  results  indicated  a  clear  break 
between  the  intermediate  and  final  stages  of  processing. 
The  MSANS  and  Porod  analyses  are  combined  to  model  the 
total  pore  size  distribution  during  each  stage  of  thermal 
processing. 

J1.6 

THERMAL  DIFFUSE  SCATTE1IHC  IN  HEUTROH  TDffi-OF-FLICHT  POWER 
PATTERNS  ,  Michael  J.  Radler  and  Jerome  B.  Cohen, 
Department  of  Materials  ‘  Science  <i  Engineering,  The 
Technological  Institute,  Northwestern  University,  Evanston, 
IL  60208,  and  John  Faber,  Jr.,  Materials  Science  Division, 
Argonne  National  Laboratory,  Argonne,  II  60439 

Cation  interstitial  site  occupations  at  elevated 
temperatures  (1123  to  1673  K)  in  the  nonstoichlometric 
transition  metal  monoxides!  COj.,0,  Mn^O,  and  Fej.,0,  have 
been  studied  with  in-sltu  time  of  flight  neutron  powder 
diffraction.  Inelastic  scattering  from  lattice  phonons 
contributes  a  sizeable  fraction  of  the  observed  Bragg 
Intensity  at  large  scattering  vector,  Q  .  Ignoring  this 
thermal  diffuse  scattering  (TDS)  leads  to  errors  in  the 
site  occupations  and  temperature  factors.  The  intensity 
from  one  phonon  TDS  has  been  calculated  as  a  function  of 
time-of- flight  and  used  to  correct  the  measured 
intensities.  A  brief  review  of  the  theory  and  calculation 
of  the  TDS  spectra  will  be  presented.  Examples  of 
calculated  TDS  spectra  for  these  rocksalt  structure  oxides 
and  the  effect  of  the  correction  will  be  discussed. 


J1.7 

REAL  SPACE  METHOD  OF  POWDER  DIFFRACTION  FOR 
NON-PERIODIC  AND  NEARLY- PER  IODIC  MATERIALS.  T. 
EtHiiii.  D.  H.  Toby.  W.  Dniowski.  University  of  Pennsylvania. 
Philadelphia.  PA:  C'lu.  Janot.  Institut-Laue-Langevin.  Grenoble, 
FR;  J.  D.  Jorgensen.  Argonne  National  Laboratory.  Argonne.  IL. 

A  large  number  of  materials  are  either  nou-crvsuiline  or  are  strongly 
deviated  from  perfect  periodicity.  If  we  apply  a  crystallographic 
method  of  structural  analysis  to  these  materials  we  have  to  make 
;m  awkward  assumption  of  psuedo- periodicity,  siuce  these  analyses 
rely  heavily  upou  the  assumption  of  periodicity.  Instead,  however, 
it  is  most  useful  to  go  through  an  intermediate  step  of  obtaining 
the  atomic  pair  distribution  function  (PDF)  by  the  direct  Fourier 
transformation  of  the  normalized  intensity.  This  method,  the  real 
^>are  method,  has  been  applied  so  far  primarily  on  non-crystalline 
materials,  but  it  was  shown  receutly  that  they  are  equally  effective 
in  analyzing  the  structure  of  crystalline  solids  with  internal  random¬ 
ness.  We  discuss  our  recent  results  of  the  PDF  analysis  of  super¬ 
conducting  oxides  earned  out  using  a  pulsed  neutron  source  (IPNS) 
and  a  hot  thermal  neutron  source  (ILL).  With  the  pulsed  source 
the  PDF  was  obtained  from  the  total  scattering  intensity  including 
both  the  elastic  and  inelastic  scattering  intensities,  while  with  the 
hot  thermal  source  only  the  elastic  scattering  intensity  determined 
by  a  triple-axis  spectrometer  was  used  in  calculating  the  PDF.  It 
wa>  found  that  high  Tc  oxides  such  as  TIjBbjCbCujOs  have  a  sig¬ 
nificant  displacive  atomic  short  range  order,  which  ap]>ear  to  change 
anomalously  with  temperature.  The  displacive  orderiug  lowers  the 
local  symmetry,  for  iustaiice  from  tetragonal  to  orthorhombic.  The 
effect  of  such  short  range  orderiug  ou  the  superconductivity  will  be 
discussed. 

J1 .8 

NEUTRON  RIETVELD  ANALYSIS  OF  ANION  AND  CATION 
DISORDER  IN  THE  FAST-ION  CONDUCTING  PYROCHLORE 
SYSTEM  Y;(ZrxTii-x)207.  Sossina  M.  Haile  and  B.  J.  Wuensch, 
Department  of  Materials  Science  and  Engineering,  Cambridge, 

MA,  and  E  Prince,  Reactor  Radiation  Division,  National  Institute  of 


Standards  and  Technology,  Gaithersburg,  MD. 

The  cubic  pyrochlore  structure  type  A2B2O7,  space  group  Fd3m,  is  a 
superstructure  with  lattice  constant  double  that  of  a  fluorite-like  array 
of  ions.  Cations  A  and  B  order  in  positions  16c  and  16d;  oxygen  ions 
are  ordered  in  48f  and  8a,  leaving  an  anion  vacancy  (relative  to 
fluorite)  at  8b.  Y2T12O7  is  a  fully-ordered  pyrochlore,  whereas  Y2Zr2C>7 
is  fully  disordered  and  statistically  has  the  fluorite  structure.  Inter¬ 
mediate  solid  solutions  have  partial  order.  Moon  and  Tuller  [Solid 
State  Ionics  28-30  (1988)  470)  found  a  progressive  increase  in  ionic 
conductivity  by  two  and  one-half  orders  of  magnitude  (1.6  10"5  to  5.0 
10"3  ohm'^cm"!  at  1000°O  to  accompany  the  disorder!  Powder  diffrac¬ 
tion  patterns  obtained  with  1.553A  thermal  neutrons  have  been 
subjected  to  Rietveld  analysis  to  permit  correlation  of  ionic  conduc¬ 
tivity  and  structure.  Typical  residuals  are  RBragg  =  2.17%,  Rwp  = 

9.96%  and  Re  =  7.36%.  Most  of  the  information  on  ordering  is  con¬ 
tained  in  the  superstructure  intensities.  Identically  zero  in  the 
disordered  fluorite  state,  the  magnitudes  of  the  superstructure  inten¬ 
sities  are  determined  by  the  difference  between  the  scattering  length  of 
the  cation  species  which  order  in  the  A  or  B  site  and  the  average  cation 
scattering  length  for  a  given  composition.  The  scattering  ).  tth  of  Ti  is 
negative  (-0.3438)  relative  to  values  0.775  and  0.716  for  Y  and  Zr, 
respectively.  The  average  cation  length  is  consequently  small,  and  the 
difference  between  individual  and  average  scattering  lengths  unu¬ 
sually  large.  The  superstructure  maxima  are  thus  as  much  as  three 
times  more  intense  than  the  fluorite-type  substructure  intensities. 
Neutron  scattering  is  therefore  an  especially  sensitive  measure  of  order 
in  the  present  system. 

J1.9 

SMALL  ANGLE  NEUTRON  SCATTERING  INVESTIGATIONS  OF 
NANOPHASE  Ti.  T1O2  AND  Pd.*  J.  E.  Epperson.  J.  W.  White**,  R.  W. 
Siegel,  J.  A.  Eastman,  Y.  X.  Liao*,  and  A.  NarayanasamyM,  Materials 
Science  Division,  Argonne  National  Laboratory,  Argonne,  EL  60439 

The  microstructuial  characteristics  of  nanophase  Ti,  T1O2  and  Pd  have  been 
investigated  by  small  angle  neutron  scattering  (SANS)  techniques. 
Sanophase  panicles  of  Ti  and  Pd  were  prepared  by  evaporation  of  the 
respective  metal  and  by  condensation  in  an  inen  gas  atmosphere;  for 
preparation  of  Ti02,  oxidation  of  the  nanophase  Ti  to  T1O2  was  carried  out 
in  the  fabrication  apparatus.  Panicles  were  collected  and  compacted  into 
thin  disks  appropriate  for  SANS  samples.  For  the  T1O2  and  Pd,  SANS 
investigations  were  carried  out  after  selected  sintering  anneals  in  air.  For 
the  nanophase  Ti,  the  SANS  investigations  were  carried  out  after  incremen¬ 
tal  dosing  with  small,  measured  amounts  of  oxygen.  The  maximum  entro¬ 
py  method  was  used  to  analyze  the  sintering  data.  The  results  far  TiOj  are 
interpreted  in  terms  of  a  microstructural  model  consisting  of  nanometer 
sized  grains  separated  by  about  0.5  nm  wide  boundary  regions,  the 
boundary  regions  containing  small  voids  or  pores,  and  material  that  was  at 
most  some  60-70  percent  of  the  bulk  density.  Because  of  the  volume 
expansion  upon  reaction,  oxidation  of  nanophase  Ti  resulted  in  gradual 
closing  of  the  originally  accessible  pores.  For  practical  purposes,  oxidation 
at  ambient  temperature  ceased  until  the  protective  oxide  coating  was 
breached. 

J2.1 

SURF  ACE  5  IHVf  M  lO'-TlOU  p.T  t.FJTkO'.  REFLECT  1 0t. . 

B.  f  ArdlOi-'X,  LaL-oi  a  toi  r  e  Lbor  brillouin,  CfN  SAC.IAT, 

Vf'91  GtF-SL'R-YvETTt  Cede*  fF'e'te) 

Several  phenomena  analogous  to  Ibose  obse*  ved  ‘in  classical 
optics,  sucti  as  redaction,  refraction  end  interferences, 
are  also  observed  with  slow  neutrons.  Intorma-lon  on 
surface  organisation,  described  by  a  refractive  index 
profile,  can  be  extracted  from  reflection  experiments. 
These  i  nforrra*  ion  ere  similar  to  tnose  Oblained  by  X-rays 
reflection  1  however  there  ere  some  instances  where 
the  new  neutron  method  provides  a  distinct  advantage. 
The  refractive  index  is  simply  related  to  the  scattering 
length  density,  a  parameter  which  describes  the 
neutron-matter  interaction.  Due  To  me  magnetic 
interaction,  magnetic  materials  have  a  neutron  spin 
dependent  refrective  Index,  end  e  criticel  reflection 
ot  polarised  neutrons  is  a  particularly  sensitive  probe 
of  su-fece  magnetism.  On  the  other  hand,  in  contrast 


331 


to  X-rays,  neutron  scattering  length  values  very  randomly 
from  element  to  dlemenl  ;  i sol  op  I c  substitution  can 
then  produce  large  contrast  in  the  scattering  length 
density.  Of  particular  Importance  is  the  la-ge  difference 
between  hydrogen  and  Deuterium.  This  is  used  with  a 
distinct  advantage  to  study  many  problems  In  surface 
■  heMsfry.  particularly  in  the  polymer  field. 

J2.2 

VIBRATIONAL  SPECTROSCOPY  OF  SURFACE  SPECIES:  INELASTIC 
NEUTRC.l  SCATTERING.  J  Tomkinson.  Rutherford  Appleton 
Laboratory,  UK;  and  G  J  Kearley,  ILL,  Grenoble,  France. 

Recent  results  on  the  vibrational  spectroscopy  of 
absorbates  on  catalytically  active  surfaces  shall  be 
presented.  These  were  obtained  on  the  TFXA  spectrometer 
ISIS,  UK.  This  spectrometer  covers  the^  molecular 
vibrational  frequency  range,  20  to  4000  cm'  ,  with  the 
highest  resolution  presently  available.  The  role  of 
model  compounds  will  be  included.  Calculated  neutron 
spectra,  using  CLIMAX  etc,  (with  overtones,  combinations, 
and  phonon  wings)  ensures  consistent  assignments. 
Spectroscopists  now  have  access  to  the  vibrations  of 
molecules  adsorbed  on  "commercial"  catalysts. 

J2.3 

INTERDIFFUSION  OF  CADMIUM  ARACHIDATE  IN 
LANGMUIR-BLODGETT  FILMS. 

P.  Stroeve,  J.F.  Rabolt  IBM-ARC,  R.O.  Hilleke,  G.P. 
Felcher,  Argonne  National  Laboratory  and  S.H.  Chen, 
MIT 

The  interdiffusion  of  Cadmium  Arachidate  (CdA)  in 
Langmuir-Blodgett  films  has  been  studied  by  neutron 
reflection  at  the  Intense  Pulsed  Neutron  Source.  One 
of  the  samples  consisted  of  a  few  layers  of  perhydro 
H-CdA  deposited  on  a  silicon  support,  overlayered 
with  a  few  layers  of  perdeutero  D-CdA,  for  a  total 
thickness  of  -300  Angstroms.  In  a  second  sample  the 
layers  of  perhydro-  and  perdeutero-  CdA  were 
seperated  by  two  monolayers  of  H-n-octadecene 
/co-maleic  acid  copolymer.  When  heated  for  15 
minutes  at  70°  C,  well  below  the  disorder 
temperature1,  approximately  25%  of  the  D-CdA 
rm, I  joules  were  replaced  by  H-CdA  molecules, 
although  the  overall  Langmuir-Blodgett  film  structure 
is  known  to  remain  unchanged1.  The  presence  of 
copolymer  layers  limited  the  interdiffusion  process  to 
about  5%. 

J2.4 

NEUTRON  REFLECTIVITY  STUDY  OF  GD-Y  INTERFACE 
J  F  Ankner  and  H  Zabel,  University  of  Illinois  at  l.'rbana- 
Champaign,  Urbana.  IL:'  D  A  Neumann  and  C  F.  Majkrzak.  Na 
tional  Institute  of  Standards  and  Technology,  Gaithersburg,  MD;  and 
A  Matheny,  J.A.  Dura,  and  C  P  Flynn,  University  of  Illinois  at 
Uzbana-Champaign,  Urbana,  IL- 

In  recent  years,  there  has  been  a  great  deal  of  interest  in  surface, 
interface,  and  thin  film  magnetism.  Using  neutron  refiectometry  and 
grazing-angie  diffraction,  one  can  determine  the  magnetic  structure  of 
surface  and  subsurface  layers  in  these  types  of  systems.  We  have  stud¬ 
ied.  using  spin-polarized  neutron  refiectometry,  the  interface  between 
Y  0001)  and  Gd(0001)  single-crystal  films  grown  by  molecular-beam 
epitaxy  (MBE).  Bulk  gadolinium  is  a  ferromagnet  with  Tt  =  293K. 
Below  r«,  we  observe,  as  expected,  that  the  Gd  layer,  except  for  the 


region  near  the  Y  interface,  exhibits  a  uniform  magnetic  moment. 
We  will  compare  the  depth-dependence  of  the  magnetization  at  the 
Y  interface  with  the  chemical  interdiffusion  as  determined  by  x-ray 
refiectometry.  Weller,  et  al.  have  observed  a  surface  magnetic  mo¬ 
ment  above  rc  on  Gd(0001)  films  in  vacuum.1  We  have  searched  for 
such  a  state  at  T =295K  and  find,  within  experimental  uncertainty,  no 
net  moment  at  the  Gd-Y  interface.  This  result  is  in  agreement  with 
results  obtained  for  Gd-Y  superlattices  studied  by  polarized  neutron 
diffraction  and  suggests  that  the  Gd-Y  interface  is  indeed  different 
than  the  surface  of  Gd  in  vacuum.  We  will  also  discuss  complemen- 
tary  grazing-angle  neutron  diffraction  experiments. 

J2.5 

NEUTRON  DIFTRACTION  STUDIES  OF  Cd  Mn  Se  EPILAYERS  AND 
ZnSe/MnSe  MULTILAYERS.  T  M.  Gieoulrow-icr. ,  Univ.  of  Nocre 
Dame,  Nocre  Lame,  IN,  and  Nacional  Inscic.  of  Scandards  and 
Technology,  Gaithersburg,  MD;  P.  Klosowski ,  Univ.  of  Nocre 
Dame;  J.J.  Rhyne,  Narl.  Insc.  of  Scandards  and  Technology; 
N.  Samarch,  H.  Luo,  and  J.K.  Furdyna,  Univ.  of  Nocre  Dame. 

Ve  report  neutron  diffraction  studies  of  crystallographic 
and  magnetic  properties  of  MBE-grovn  Cd^  Mn  Se  epilayers 
and  ZnSe/MnSe  superlattices.  Unlike  bulk  Cd^' ^M'n^Se  crystals 
which  exist  only  in  the  wurrzice  structure  up'  to  x=0.50, 
epilayers  grown  on  (100)  GaAs  can  be  obtained  in  the  tine- 
blende  type  form  with  x  as  high  as  high  as  x<0.75  (with 
thicknesses  up  to  1.5  ^m).  In  ZnSe/MnSe  multilayers,  the 
MnSe  and  the  Zn.Se  layers  grow  both  in  the  tine -blende  struc¬ 
ture,  although  bulk  MnSe  forms  only  NaCl-type  crystals.  'Je 
have  investigated  superlattices  containing  100-200  ZnSe/MnSe 
bilavers  with  thicknesses  60-105  A.  and  Mr.Se  layer  thicknes¬ 
ses  22-49  A.  Nuclear  diffraction  patterns  from  the  multi¬ 
layers  exhibit  a  number  of  satellite  lines  well  resolved 
from  the  GaAs  Bragg  reflections,  in  good  agreement  with  the¬ 
oretical  calculations.  At  low  T  we  have  observed  additional 
diffraction  maxima,  clearly  indicating  an  antiferromagnetic 
Type  III  spin  structure  in  the  MnSe  layers.  The  positions  of 
the  magnetic  peaks  show  that  there  is  a  significant  tetrago¬ 
nal  distortion  these  layers.  In  contrast,  diffraction  data 
from  .he  d.  Mn  Se  epilayers  showed  no  such  distortion,  de¬ 
spite  the  rather' large  lattice  mismatch  (-5%)  between  the 
epilaver  material  and  the  GaAs  substrate.  Broadening  of  the 
nuclear  reflections  snows,  however,  that  the  mismatch 
produces  a  considerable  strain  in  the  epilayers.  In  samples 
with  x-0.70  and  0.75  at  low  T  we  nave  observed  Tvpelll 
diffraction  maxima  with  no  excess  width,  indicating  the 
existence  of  a  long-range  antiferromagnetism  which 
has  never  beer,  observed  in  any  other  material  from  the 

Al*  Mn  B’ *  class . 
i-x  x 

J2.6 

LOCAL  ENV1ROMENTAL  EFFECTS  IN  MAGNETIC  ALLOYS  AND 
MULTILAYERS:  CALCULATIONS  OF  THE  STATIC  RESPONSE 
FUNCTIONS.  D.  D.  Johnson.  Sandia  National  Laboratories, 

Livermore,  CA;  J.  B.  Staunton,  University  of  Warwick,  Coventry, 

U.K.;  B.  L.  Gyorffy,  University  of  Bristol,  Bristol,  U.K.;  F.  J. 

Pinski,  University  of  Cincinnati,  Cincinnati,  OH;  G.  M.  Stocks,  Oak 
Ridge  National  Laboratory,  Oak  Ridge,  TN. 

We  present  results  of  first-principles  calculations  of  'local'  response 
functions  in  magnetic  alloys,  such  as  the  change  in  the  local  magnetic 
moments,  or  hyperfine  fields,  due  to  changes  in  the  local  chemical 
environment  These  response  functions,  which  may  be  directly  compared 
to  neutron-scattering  experiments,  are  derived  via  a  mean-field  statistical 
mechanical  description  of  compositional  fluctuations  in  alloys.  The 
thumal  averages  are  performed  via  the  Korringa-Kohn-Rostoker  coherent 
potential  approximation,  which  incorporates  the  electronic  structure  of  the 
high-temperature,  chemically  disordered  state.  As  a  fust  application  of  the 
theory,  we  have  investigated  FeV  alloys  and  multilayers  and  compared 
our  results  with  experiments  on  multilayers  and  a  set  of  first-principle 
'supercell'  calculations.  All  experimental  trends  for  the  magnitude  of  the 
moments  and  the  effects  of  the  interface  and  interfacial  alloying  are 
reproduced,  and  there  is  good  quantitative  agreement  with  the  'supercell' 
calculations.  These  results  suggest  the  utility  of  these  response  functions 
fo"  investigating  the  effects  of  changes  in  the  chemical  environment  on  the 
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alloy  moments  and  for  aiding  experimental  interpretation  in  other 
multilayer  systems  that  are  less  experimentally  amenable  than  FeV. 

J2.7 

DETERMINATION  OF  HYDROGEN  DENSITY  PROFILES  IN  THIN  FILMS  AND 
MULTI  LAYERS  BY  NEUTRON  REFLECTION.  C.F.  Maikrzak.  S. 
Satija,  D.  Neumann,  J.  Rush,  D.  Lashmore,  C.  Johnson,  NIST, 
Gaithersburg,  MD;  J.  Bradshaw,  Optoline,  Andover,  MA;  L. 
Passell,  R.  DiNardo,  BNL,  Upton,  NY 

The  density  of  hydrogen  in  thin  films  or  multilayers  of 
metal  hydrides  can  be  inferred  from  an  expansion  of  the  host 
lattice  as  measured  by  conventional  x-ray  diffraction 
techniques.  However,  because  hydrogen  and  deuterium  have 
scattering  lengths  for  neutrons  that  are  comparable  to  those 
of  most  metal  nuclei,  unlike  the  corresponding  case  for  x- 
ray  atomic  scattering  amplitudes,  the  hydrogen  density 
profile  normal  to  the  surface  of  a  flat,  thin  film  can  be 
determined  directly  from  neutron  reflectivity  measurements. 
The  hydrogen  density  modulation  in  an  artificial 
superlattice  along  the  growth  direction  can  also  be 
determined  in  this  manner.  Furthermore,  the  thin  films  or 
multilayers  need  be  neither  crystalline  nor  metallic:  for 
example,  the  H  composition  profile  in  a  H-Si  superlattice 
created  by  chemical  vapor  deposition  can  be  obtained  by 
neutron  reflection. 

Often  hydrogen  can  be  loaded  into  a  film  or  multilayer  in 
either  a  gas  cell  or  electrolytically ,  in  situ,  thereby 
making  possible  real  time  measurements  of  hydrogen 
concentration  profiles  in  active  electrodes.  The  latter 
configuration  can  be  realized  in  practice  by  using  a  single 
crystal  substrate  (e.g.,  silicon),  which  is  nearly 
transparent  to  neutrons,  as  the  incident  medium.  The 
sensitivity  of  this  method  will  be  discussed  and  the  results 
of  specific  measurements  on  several  materials,  including  a 
Ni-Ti  multilayer  electrolytically  charged  with  H  and  D,  will 
be  reported. 

J2-8 

‘ ...  .u.  '^ELASTIC  EFFECTS  IN  RARE-EARTH  MULTILAYERS 
AND  FILMS.  r.W.  Erwin.  J.J.  Rhyne,  National 
Institute  of  Standards  and  Technology, 
Gaithersburg,  MD;  J.  Borchers,  R.  Du,  M.B. 
Salamon  and  C.P.  Flynn,  University  of  Illinois  at 
Urbana-Chanpaign,  Urbana,  IL. 

Neutron  scattering  and  SQUID  magnetometry  studies 
of  [Dy|Y]  and  [ Er | Y ]  multilayers  and  Dy  and  Er 
films  have  provided  insight  into  the  interplay  of 
magnetoelastic  and  exchange  interactions  in  rare- 
earths  as  the  magnetic  structures  are  strongly 
perturbed  by  elastic  constraints.  We  are  now 
able  to  show  that  the  suppression  of  the 
ferromagnetic  transitions  and  the  temperature 
dependence  of  the  turn  angles  can  be  calculated 
for  the  Dy  materials  by  applying  epitaxial 
conditions  to  the  standard  theories. 
Quantitative  calculations  are  also  in  agreement 
with  the  observed  critical  fields  in  these 
materials.  However,  the  energetics  determining 
the  magnetic  structure  in  Er  films  and 
multilayers  cannot  be  explained  by 
magnetoelasticity  alone,  since  anomalous  critical 
fields  have  been  reported  by  Borchers  et.al.1 
The  turn  angle  in  the  Er  multilayers  is  nearly 
temperature  independent  near  the  2»/7  lockin 
value,  while  in  the  thin  films  the  turn  angles 
move  closer  to  the  bulk  values.  There  is  also  a 
30%-  50%  reduction  of  the  basal  plane  ordering 

temperatures  compared  to  bulk  Er. 


J2.9 

THE  MORPHOLOGY  OF  SYMMETRIC  DIBLOCK  COPOLYMERS  AS  REVEALED 
BY  NEUTRON  REFLECTIVITY.  S.K,  Satiia  and  C.F.  Majkrzak, 
National  Institute  of  Standards  and  Technology, 
Gaithersburg,  MD  20899;  S.H.  Anastasiadis  and  T.P.  Russell, 
IBM  Research  Division,  Almaden  Research  Center,  San  Jose,  Ca 

We  report  neutron  reflectivity  (NR)  studies  on  thin  films  of 
polystyrene/polymethylmethaceylete  (PS/PMMA)  diblock 
copolymers.  Due  to  chemical  differences  of  the  constituent 
blocks  and  the  different  interactions  of  the  bolcks  with  the 
air  and  substrate  interfaces,  these  thin  films,  once  heated 
above  the  glass  transition  temperature,  form  a  multilayer 
morphology.  NR  studies  were  made  on  a  series  of  symmetric, 
dibiock  PS/PMMA  copolymers  where  the  molecular  weight  of  the 
individual  blocks  was  varied  from  15,000  to  150,000.  All 
specimens  were  heated  to  170*C  for  at  least  72  hours  to 
achieve  full  orientation  of  the  microdomains  and  reach 
equilibrium.  It  was  found  that  the  long  peroid,, 
characterizing  the  cednter-to-center  distance  of  the  PMMA 

lamellae,  varied  as  It  was  also  found  that  the 
interface  between  the  PS  and  PMMA  microdomains  was  47+4A 
independent  of  the  molecular  weight  of  the  copolymers.  In 
addition,  the  interface  between  PS  and  PMMA  homopolymers  was 
found  to  be  47A.  In  all  cases,  a  hyperbolic  tangent 
function  closely  described  the  variation  in  the  composition 
across  the  interface.  While  the  functional  form  of  the 
interface  and  its  invariance  with  molecular  weight  are 
consistent  with  theorectical  predictions,  the  magnitude  of 
the  interface  measured  is  nearly  twice  the  theoretical  value 
derived  from  the  statistical  segment  lengths  of  and  the 
interaction  parameter  between  the  PS  and  PMMA.  this 
discrepancy  points  to  a  misunderstanding  of  current  ideas  on 
the  interfacial  behavior  of  copolymers. 


J2.10 

.  MjTRON  REFLECTIVITY  STUDY  OF  THE  ORDER-OtSORDER  TRANSITION  IN 
.HIM  FILM  DIBLOCK  COPOLYMER  FILMS.  S.H.  Anastasiadis  and  T.P. 
Russel  1  ■  IBM  Research  Division,  Almaden  Research  Center,  San  Jose, 
CA;  S.K.  Sat i j  a  and  C.F.  Majkrzak,  National  Institute  of  Standards 
and  Technology,  Gaithersburg,  MD. 

Symmetric,  diblock  copolyemrs  undergo  a  transition  from  an 
ordered,  lamellar  microdomain  morphology  to  a  phase  mixed 
morphology  at  the  micropnase  separation  transition  temperature 
(MST) .  The  MST  corresponds  to  the  temperature  at  which  xN*l?-5 
where  x  is  the  binary,  Flory-Huggins  interaction  parameter  and  N 
is  the  numoer  of  segments  in  the  copolymer.  In  the  ordered  state 
symmetric,  diblock  copolymers  of  polystyrene  and 
polymethylmethacrylate  (PS/PMMA)  are  known  to  produce  a  lamellar 
morphology  oriented  parallel  to  the  substrate  surface.  In  the 
disordered  state  the  oscillations  in  the  composition  of  PS  and 
PMMA  as  a  function  of  distance  from  the  interface  (air  or 
substrate)  are  exponentially  damned.  In  this  study  the  order- 
disorder  transition  in  thin  films  of  PS/PMMA  diblock  copolymers 
was  investigated  by  variation  of  termperature  or  molecular  weight 
of  the  copolymer.  Either  will  produce  a  change  in  xN-  Neutron 
reflectivity  profiles  from  films  of  these  copolymers  are  well 
described  by  a  scattering  length  density  profile  where  the  volume 
fraction  of  the  PS  or  PMMA  as  a  function  of  the  distance,  z,  from 
air  or  substrate  interface  is  given  by  j  +  ^  exp(-z/f) 

2  _ 
cos  (2jtz/L)  where  L  is  the  period  of  the  oscillations,  e  is  the 
average  composition,  is  the  excess  surface  concentration  and  f 

is  the  correlation  length.  Slight  changes  in  L  were  found  with 
increasing  temperature  and  f  was  found  to  decrease  markedly  with 
increasing  temperature.  It  was  found,  regardless  of  the  molecular 

weight  copolymer,  that  varied  linearly  with  ((xN)s  *  (XN))1//2 
where  (xN)s  is  the  value  of  xN  at  the  MST.  Thus,  at  the  MST,  f  is 

infinite  and  the  ordered  morphology  propagates  through  the  entire 
thickness  of  the  specimen  as  observed.  These  results  are  in  very 
good  agreement  with  recent  theoretical  arguments. 
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J2.ll 

THE  STl'DV  OF  SURFACES  AND  INTERFACES  ON  THE  REFLF.CTOMETER 
CRISP  AT  THE  ISIS  PULSED  NEUTRON  SOURCE.  J  Pc-nfold 
Rutheriord  Appleton  Laboratory,  Chilton,  Uidcot,  Oxon,  UK 

The  study  of  surfaces  and  interfaces  using  the  specular 
reflection  of  neutrons  on  the  ref lectometer  CRISP  at  the 
ISIS  pulsed  neutron  source  is  described. 

The  instrumentation  and  recent  developments  in  analysis 
techniques  are  described. 

A  wide  ranging  experimental  programme  is  now  well 
established.  Examples  from  that  programme  will  be 
presented,  and  will  include  surfactant  adsorption  at  the 
air-liquid  and  liquid-solid  interfaces,  solid  polymer 
films,  and  surface  magnetism. 

J3.1 

MARTENSITIC  PHASE  TRANSITIONS,  PHONONS  ANS  DIFFUSION 
PROPERTIES  IN  BCC  METALS.  W.  Petrv.  Institut 
Laue-Langevin,  156X,  38042  Grenoble  Cedex,  France. 

Phonon  spectroscopy  on  in  situ  grown  bcc  single  crystals 
of  the  group  4  metals  Ti,  Zr,  Hf  show  a  band  of  low  energy 
and  strongly  damped  phonons.  Geometrical  considerations 
show  how  these  damped  lattice  vibrations  achieve  the 
displacements  necessary  for  the  two  martensitic  phase 
transitions  from  bcc  to  u  (under  pressure)  and  from  bcc  to 
hep  (upon  lowering  the  temperature).  Different  to 
theoretical  predictions,  no  elastic  precursors  of  the  new 
phase  are  observed. 

Quasielastic  incoherent  neutron  scattering  indicates  in  a 
very  direct  way  that  diffusion  in  these  metals  takes  place 
via  jumps  into  nearest  neighbor  vacancies.  These  diffusion 
jumps  are  strongly  enhanced  by  the  soft  phonons.  Following 
an  idea  of  Herzig  and  Kohler  it  is  shown  that  this  model 
of  phonon  enhanced  diffusion  explains  the  diffusion 
anomalies  of  all  bcc  metals. 

J3.2 

STRESS  DEPENDENCE  OF  THE  SOFT  PHONON  BRANCH  IN 
MARTENSITICALLY  TRANSFORMING  Ni62.5AI37.5  S.  M. 
Shapiro.  Brookhaven  National  Laboratory*,  Upton,  NY 
11973. 

In  the  alloy  Ni62.sAl37.5,  which  exhibits  a  Martensitic 
transformation  near  Tm-80K,  the  [CCO]  transverse  phonon 
branch  with  polarization  along  the  [110]  shows  a 
considerable  amount  of  softening  as  Tm  is  approached.  In 
particular,  a  minimum  in  the  dispersion  curve  occurs 
near  £«1/6.  Accompanying  this  softening  is  intense 
diffuse  elastic  scattering  which  peaks  at  the  same  wave 
vector.  Recent  inelastic  neutron  scattering  experiments 
with  applied  uniaxial  stress  have  shown  that  when  the 
stress  is  applied  along  the  [001]  direction,  perpendicular 
to  iho  suit  direction,  additional  softening  occurs.  In 
addition  the  diffuse  scattering  also  changes.  Results  of 
measurements  along  other  branches  and  temperature 
dependence  will  also  be  presented. 

J3.3 

POLARIZATION  RELAXATION  OF  THE  FERROELECTRIC  KC2P04 
USINC  NEUTRON  SCATTERING.  Ron  Edg«,  Dspt.  of  Physic*. 

USC,  Columbia,  SC;  and  Vicki  Homer ■  Depc.  of  Phytic*, 

CSC,  Columbia,  SC, 

Previously,  the  polarization  switching  of  KD2P04  was 
studied  using  ESR.  This  requirtd  the  us*  of  crystals 
doped  with  arsenic  and  then  irradlaced  with  x-rays,  to 
create  the  necessary  paramagnetic  centers.  For  such 
crystals,  back-rslaxatlon  was  determined  Co  bt  lntlg- 


We  have  used  the  single  crystal  tlme-of-flight  neutron 
scattering  facility  at  Argonne  to  observe  the  polariza¬ 
tion  behavior  of  pure  KD2P04,  for  crystals  cooled  below 
the  Curie  point.  Initial  studies  of  the  splitting  of 
appropriate  Bragg  peaks  show  clearly  the  four  domain 
types,  and  their  response  to  applied  electric  fields. 

As  opposed  to  crystals  prepared  for  ESR  work,  the  pure 
crystals  display  strong  back-relaxation,  indicating  that 
the  kinetics  of  polarization  reversal  differs  significantly 
for  the  pure  crystals. 

iw.il.'Mnei.rary  ucudies  of  ..hauges  in  Che  low  frequency 
dielectric  constant  as  a  function  of  polarization  level 
explore  further  the  difference  in  polarization  behavior 
between  pure  and  treated  KH2P0a  and  KD2P04. 

J3.4 

PHASE  DEVELOPMENT  OF  AN  AL-TI  COMPOSITE  DURING 
HEATING  UP  TO  1400°  C.  H.-G.  Brokmeier.  Department  of  Phy¬ 
sical  Metallurgy  TU  Clausthal  and  GKSS  Research  Center,  Postfach 
1160,  D-2054  Geesthacht,  FRG;  M.  Klatt,  GKSS  Research  Center, 
Postfach  1160,  D-2054  Geesthacht,  FRG;  and  C.  Ritter,  Insitute  Laue 
Langevin,  156X  Centre  de  tri,  38042  Grenoble  Cedex,  France 

In  the  system  Al-Ti  several  intermetallic  compounds  have  been  ob¬ 
served,  see  par  example  Murray  (1).  The  constitution  of  intermetallic 
compounds  such  as  7-T1AI  can  be  realised  by  two  different  procedures; 

1)  arc  melting 

2)  powder  metallurgy 

In  both  cases  the  phase  development  to  reach  the  phase  equilibrium 
is  quite  different.  But  material  properties,  microstucture  and  texture 
will  be  influenced  strongly. 

The  investigated  Al-Ti  composite  was  prepared  by  powder  metallurgi¬ 
cal  methods  and  consists  of  50  Vol.%  A]  and  50  Vol.%  Ti  respectively. 
By  cold  extrusion  of  pure  A1  and  pure  Ti  no  intermetallic  compounds 
were  formed.  The  investigations  were  carried  out  in  a  temperature 
range  between  20°  C  -  1400°  C.  The  phase  determinations  were  per¬ 
formed  at  DIB,  a  powder  diffractometer  of  the  ILL  in  Grenoble,  which 
was  equipped  with  a  high  vacuum  furnace  and  a  linear  position  sen¬ 
sitive  detector  (LPSD)  in  horizontal  geometry.  Hence,  every  minute 
a  diffraction  pattern  can  be  measured.  In  that  way  the  kinetic  of  the 
phase  transformation  was  obtained.  Neutron  diffraction  was  preferred 
in  -irder  to  measure  a  bulk  sample  for  minimizing  grain  growth  effects 
and  the  influence  of  an  expected  A1  loss  at  the  sample  surface. 

This  paper  will  discuss  the  path  during  the  Ti-Al  phase  diagram  from 
the  outgoing  two-phased  Al-Ti  composite  to  the  two-phased  material 
at  1400°  C  which  consists  of  7-TiAl  and  a-Ti(Al). 

J3.5 

NEUTRON  I’OWDER  DIFFRACTION:  A  POWERFUL 
MATERIALS  RESEARCH  TECHNIQUE.  W.  1.  F  Dnvid.  ISIS 
Facility,  Rutherford  Appleton  Laboratory,  Chilton  Didcot, 
Oxon,  UK. 

Neutron  powder  diffraction  is  a  powerful  technique  that 
provides  a  detailed  description  of  moderately  complex 
crystal  structures.  This  is  nowhere  more  apparent  than  in 
the  area  of  high  temperature  superconductors  where 
neutron  powder  diffraction  has  provided  precise 
structural  and  magnetic  information,  not  only  under 
ambient  conditions  but  also  at  high  and  low  temperatures 
and  high  pressures.  Outside  superconductor  research,  the 
variety  of  materials  studied  by  neutron  powder 
diffraction  is  equally  impressive  including  zeolites,  fast 
ionic  conductors,  permanent  magnets  and  materials 
undergoing  phase  transitions.  Recent  advances  that 
include  high  resolution  studies  and  real-time 
crystallography  will  be  presented.  Future  possibilities  of 
neutron  powder  diffraction  will  be  discussed. 
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J3.6 

NEUTRON  SCATTERING  STUDY  OF  THE  STRUCTURE 
OF  YiUaCu07-8  AT  2*J4  K  AND  77  K  S  I.  Town.  B  A. 
Hunter,  R.L. Davis’  anil  K.N'.R.Taylor,  Advanced  Elec  ironic  Materials 
Group,  School  of  Physics,  University  of  New  South  Wales,  P.O.  Box 
1,  Kensington,  NSW,  2033, Australia,  ’Australian  Institute  of  Nuclear 
Science  and  Engineering,  Private  Mail  Bag  1,  Menai,  NSW,  2234, 
Australia. 


Using  the  high  resolution  powder  diffractometer  (HRPD)  attached  to  the 
HIFAR  reactor  at  the  Australian  Nuclear  Science  and  Technology 
Organisation,  results  have  been  obtained  from  Y^BaCuOi-j  at  both  room 
temperature  and  77  K.  We  present  here  the  data  refined  using  the 
Rtetveld  method,  illustrating  the  structure  at  both  room  temperature  and 
77  K  to  be  Pnma,  having  lattice  parameters  at  room  temperature  of 
a=7.1222A,  b~12.68A  and  c=5.61A. 

J3.7 

STRUCTURE:  OF  ErBa.Cu--0.  IT:  THE  COMPOSITION  RANGE 
6  ■  1  *  7.0.  E.  Porscnke,  P.  Meuffels,  Institut  f .. 

Fesuoroerforscnung,  KFA  Julich,  0-5170  Julich, 
F.R.G.;  and  B.  Rudd,  Paul  Scherrer  Institut,  Labor 
fur  cest korperforsebung ,  GH-5234  Villingen  PSI, 

S  w  1 1  z  e  r  1  a  n  d  . 

The  structure  of  a  series  of  homogeneous  ortho¬ 
rhombic  anc  tetragonal  £  r  B  a  ;  C  u  :  0 ,  powder  samples 
(6*1  ■  *  7.0)  has  been  determined  by  elastic  neu¬ 

tron  scattering  using  the  Rietveld  method  of  pro¬ 
file  refinement.  All  samples  were  prepared  in  the 
same  apparatus  by  a  careful  absorption  -  desorp¬ 
tion  procedure. 


(NO)  -  (NO)  -  where  N  *  70S  La  +  30%  Sr.  The  different 
distribution  of  atoms  in  the  structure  can  be  easily 
explained  in  terms  of  the  ionic  radii  of  the  cations. 

J3.9 

NEUTRON  DEPOLARIZATION  BY  FLUX  LATTICES  IN  HI-TC  MATERIALS. 

S.  J,  Pickart,  A.  C.  Nunes  and  M.  L.  Crow,  University  of 
Rhode  Island*,  Kingston,  RI;  and  T.  R,  McGuire,  S.  Shlnde 
and  S.A.Shivashankar,  IBM  Thomas  J.  Watson  Research  Center, 
Yorktawn  Heights,  NY. 

Recently  we  reported^  observation  of  neutron  depolarization 
by  a  YBsCuO  123  composition  below  its  Tc  of  86K.  We  have 
further  explored  this  effect  as  a  function  of  applied  field 
and  temperature  in  123  material,  and  observed  it  in  Bi  2212 
compositions  (Tc“110K)  as  well.  We  believe  our  results 
reflect  flux  line  lattice  behavior  and  may  thus  bear  on  the 
issue  of  critical  current  densities. 

Samples,  prepared  and  characterized  at  IBM,  were  of  various 
flat-plate  shapes  of  1  mm  thickness.  Depolarization  was 
observed  only  after  cooling  in  a  weak  field  and  subsequent¬ 
ly  applying  a  larger  field  (1A00  oe) .  In  the  123  sample  at 
4K  depolarization  coincided  with  Hc,  and  showed  hysteresis, 
indicating  that  flux  penetration  ana  pinning  are  involved. 
The  effect  disappeared  at  55K,  well  below  T  ,  and  we 
speculate  that  this  results  from  short-scale  field  inhomo- 
geneties  associated  with  flux  lattice  melting^. 

Depolarization  has  also  been  observed  in  samples  of  Bl  2212 
composition  at  77K.  Two  samples  with  different  critical 
currents  were  measured,  with  the  degree  of  depolarization 
differing  slightly.  These  measurements  are  currently  being 
extended  to  4K  to  explore  more  fully  the  indicated  correla¬ 
tion  between  depolarization  and  critical  current  density. 


By  removing  oxygen  the  cell  parameter  c  expands, 
wnile  the  Cu(2)-Cu(2)  and  the  Ba -Ba  distances 
shrink.  Accordingly  the  most  significant  changes 
in  atomic  distances  occur  between  the  Cu(2)-0(2,3) 
planes  and  the  Cu ( 1 ) -0 (4 ) -Cu ( 1 )  chains.  With  de- 
creasing  oxygen  content  the  distance  increases  and 
tne  oxygen  (0,0, z)  apex  atom  0(1)  moves  closer  to 
the  Cu-0-Cu  chains  going  away  from  the  Cu-0 
olanes.  The  0(l)-plane  and  0(l)-chains  distances 
are  monotonous  functions  of  the  oxygen  content, 
Out  the  concentration  dependence  of  these  bonding 
1  eng t n s  seems  to  be  much  stronger  below  x  <  6.5. 
The  Change  of  the  interatomic  distances  can  be 
co- related  to  the  suppression  of  superconductivi¬ 
ty.  which  in  the  case  of  ErBa;Cu,0,  occurs  within 
the  orthorhombic  phase. 


J3 .8 

NEUTRON  POWDER  DIFFRACTION  STUDY  OF  THE  STRUCTURES  OF 
t"al . 9Cal .  1<'VJ?°6  AND  Lal  ,9Sri  lCu2°6'  A.  Santoro  and  F. 
Beech,  NIST,  Reactor  Division,  Gaithersburg,  MD  20899  and 
R.J.  Cava,  AT&T,  600  Mountain  Ave.,  Murray  Hill,  N.J.  07974 


The  title  compounds  are  structurally  isomorphous  and  their 
structure  can  be  derived  from  that  of  La2Cu04  by 

substituting  the  layers  of  composition  Cu02  present  in 
la^CuO^  with  a  block  of  three  layers  having  composition  and 


sequence  (Cu02)  -  (M/La)  -  (Cu02),  where  M  is  either  Ca  or 

Sr  and  M/La  Indicates  that  the  site  may  be  occupied  by  an  M 
and/or  a  La  atom.  Although  the  general  structural 
configuration  of  l-V9Ml .  lCu2°6  is  the  same  for  M  -  Ca  or 


Sr,  the  distribution  of  the  atoms  is  different  in  the  t 
cases.  More  specifically,  in  La2CaCu20g  the  perovsklte-ty 

’ayers  form  blocks  with  sequence  -  (Cu02)  -  (Ca)  -  (Cu02) 

and  these  blocks  are  separated  from  each  other  by  rock-sa 
blocks  of  two  layers  -  (LaO)  -  (LaO)  In  La2SrCu206, 

the  other  hand,  the  perovskite-type  blocks  have  compositi 
-  (tu02)  -  (La)  -  (Cu02)  -  and  they  are  separated  by  block 


J3.10 

USE  OK  NEUTRON  DIFFRACTION  IN  DETERMINING 
STRAINS  IN  HIGH-TEMPERATURE  SUPERCONDUCTING 
COMPOSITES.  D.  S.  Kupnerman  and  J.  P.  Singh.  Materials 
and  Components  Technology  Division:  and  J.  Faber  Jr.  and 
R.  L.  Hitterman,  Materials  Science  Division.  Argonne 
National  Laboratory.  Argonne.  Illinois  60439 

The  intense  Pulsed  Neutron  Source  and  the  General 
Purpose  Powder  Diffractometer  at  Argonne  National 
Laboratory  were  used  to  show  that  neutron  diffraction 
techniques  can  be  applied  to  YBCO/Ag  composites  to 
measure  bulk  residual  strains  in  the  constituent  parts.  We 
have  observed  residual  tensile  strains  in  Ag  as  a  function  of 
crystallographic  direction:  three  strains  range  from  as 
high  as  0.085%  in  15%  Ag  samples  to  as  low  as  about 
0.02%  In  a  30%  Ag  sample.  Compressive  strains  in  the 
YBCO  (111)  crystallographic  direction  were  approximated 
by  correcting  for  the  diffraction  peak  shift  due  to  changes 
in  stoichiometry  with  varying  Ag  content.  The  estimated 
compressive-strain  values  vary  from  0.04%  (15%  Ag)  to 
0.09%  (20%  Ag)  to  0.01%  (30%  Ag).  with  an  uncertainty 
of  about  0.03%.  The  decrease  in  strain  in  YBCO  for  the 
30%  Ag  composite  is  consistent  with  the  decrease  in  Ag 
strain  and  may  be  due  to  microcracking  of  the  composite 
or  to  inhomogeneities  in  the  distribution  of  YBCO  and  Ag. 

Work  supported  oy  the  U.S.  Department  of  Energy,  Office 
of  Energy  Storage  and  Distribution,  Conservation  and 
Renewable  Energy,  under  Contract  W-31-109-Eng-38. 
This  work  has  benefited  from  the  use  of  the  Intense 
Pulsed  Neutron  Source  at  Argonne  National  Laboratory. 
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J3.ll 

HIGH  RESOLUTION  NEUTRON  POWDER  DIFFRACTION  STUDIES  OF  THE 
FERROELASTIC  PHASE  TRANSITION  IN  LaNbO..  N  I  F  David, 
Rutherford  Appleton  Laboratory,  Chilton,  Didcot,  Oxon,  UK 

Many  diffraction  patterns  obtained  on  very  high  resolution 
diffractometers  (Ad/d  <  0.001)  reveal  a  rich  variety  of 
sample-dominated  line  broadening.  Most  existing  analyses 
treat  these  effects  as  isotropic.  However,  in  a  substantial 
number  of  cases  observed  on  the  high  resolution  powder 
diffractometer  (HRPD)  at  ISIS,  the  hkl -dependence  of  the 
peak  broadening  is  complex  and  initially  unknown.  In  this 
poster  a  modification  of  the  traditional  Rietveld  method  is 
presented  that  permits  simultaneous  analysis  of  the  crystal 
structure  and  the  hkl-dependent  broadening  in  a 

model-independent  manner.  The  principal  difference  is  that 
all  peak  widths  may  be  xefined  as  independent  variables. 
Structural  parameters  may  thus  be  obtained  that  are 
unbiased  by  an  imposed  peak-broadening  model,  and  the 
refined  peak  widths  may  be  examined  to  determine  the  origin 
of  the  sample-dependent  broadening 

High-resolution  neutron  powder  diffraction  .data  were 
collected  at  a  series  of  temperatures  from  a  1  cm3  sample  of 
LaNbO,  on  HRPD  at  ISIS.  The  data  collected  at  temperatures 
around  the  phase  transition  showed  significant  broadening, 
particularly  of  some  hkO  reflections.  Use  of  the  refinement 
method  described  above  yielded  significantly  superior 
profile  fitting.  Analysis  of  the  peak  broadening  indicated 
a  broadening  mechanism  dominated  by  strain.  Incorporating  a 
second  rank  strain  tensor  description  of  peak  broadening 
into  our  Rietveld  code  revealed  that  the  strain  broadening 
principal  axes  were  collinear  with  the  principal  axes  of  the 
ferroelastic  strain  tensor.  This  unexpected  result  is 
discussed  within  the  context  of  the  mechanism  of  the 
fetroel-utic  phase  transition. 

J4.1 

LATTICE  DEFECTS  STUDIED  BY  DIFFUSE  NEUTRON  SCAT¬ 
TERING.  J.  Peisl,  Sekdon  Physik,  LMUnivcrsitiu,  Miinchen,  FRG. 

Deviations  from  the  regular  arrangemem  of  atoms  in  solids  give  rise  to  a 
diffuse  scattered  intensity  between  the  Bragg  peaks.  Lattice  vibrations 
cause  an  inelastic  contribution  which  can  be  experimentally  separated  in 
a  purely  elastic  neutron  scattering  experiment.  Crystal  lattice  defects 
lead  to  an  elastic  diffuse  scattering.  It  contains  information  on  point  de¬ 
fects  and  small  clusters.  The  defect  structure,  i.e.  the  lattice  location,  the 
displacements  of  the  near  neighbours,  the  strength  and  the  symmetry  of 
the  long  ranged  displacement  field  can  be  determined.  Also  defect  corre¬ 
lations  occurring  on  formation  of  defect-pairs,  trapping  of  defects  or  ge¬ 
nerally  non-random  defect  concentration  distributions  can  be  deduced. 

The  strength  and  the  limits  of  this  type  of  investigations  will  be  demon¬ 
strated  by  reporting  on  experimental  results.  Light  interstitals  in  bcc  me¬ 
tals  (Nb,  Ta)  are  located  on  octahedral  sites  (0,  N)  or  tetrahedral  sites 
(H,  D).  Their  displacement  fields  show  some  peculiarities  which  will  be 
discussed. 

In  metal  hydrogen  systems  the  lattice  distortions  induce  an  indirect 
elastic  interaction  between  the  dissolved  hydrogen  atoms  which  is 
responsible  for  a  novel  type  of  phase  transitions.  Macroscopic  hydrogen 
density  modes  as  predicted  for  the  new  phase  have  been  observed  by 
neutron  radiography. 

For  highly  mobile  defects  the  displacement  fields  have  a  finite  life  time 
which  depends  on  the  jump  frequency  and  on  the  lattice  relaxation  time. 
This  effect  has  recently  been  observed  as  a  quasielastic  broadening  of 
he  energy  width  of  the  diffuse  neutron  scattering. 


J4.2 

NEUTRON  SCATTERING  STUDY  OF  THE  EQUILIBRIUM 
DEFECT  STRUCTURE  IN  UNDERSTOCHIOMETRIC  MnO, 

0.  S.imsiei,  Enka,  D-5600  Wuppertal, West  Germany;  R.Dieckmann, 
Cornell  University,  Ithaca,  USA;  W.  Schilline.  W.  Schweika, 
IFF-KFA  Jiilich,  D-5170  Jiilich,  West  Germany, 


Model  calculation  [A.M.  Stoneham  et  al.  in  Physics  of  Disordered 
Materials,  ed.  D.  Adler  et  al,  Plenum  Publ.  Corp  (1985)  p.  243]  pre¬ 
dict  4:1— vacancy  clusters  to  dominate  —  like  in  Fej_^0  —  the  cation 

subiattice  disorder  of  Mnj_^0  at  high  temperatures  To  test  this 

prediction  diffuse  neutron  scattering  experiments  have  been  performed 
on  single  crystal  Mnj_^0  held  at  1400°C  under  controlled  oxygen 

partial  pressures.  By  changing  the  oxygen  partial  pressures  deviations 
from  stochiometry  A,  i.e.  cation  vacancy  concentrations  could  be 
fixed  to  0.3%,  1.6%  and  6.4%.  Using  time  of  flight  techniques  the 
elastic  diffuse  scattering  could  be  separated  from  the  inelastic  contri¬ 
butions.  The  differences  in  the  elastic  diffuse  intensities  measured  at 
different  values  of  A  yield  differential  scattering  cross  sections  per 

vacancy  for  scattering  vectors  ranging  from  0.1  to  3.5  A-1  in  the 
(100)-  and  (211)— lattice  plane.  Broad  maxima  of  the  disorder  scatter¬ 
ing  are  observed  near  |  =1.6- 2rr/a  in  the  <100>—  and  near 

|  'Ql  =1.6V2-  2ir/a  in  the  <110>-direction.  No  increase  of  the  scat¬ 
tering  towards  small  ^J-values  could  be  detected.  The  results  can  be 
interpreted  as  the  scattering  from  randomly  distributed  Mn-vacancies 
which  induce  relative  displacements  of  their  nearest  neighbour  O  and 
Mn-ions  of  +8%  and  -5%  respectively.  The  presence  of  larger 
numbers  of  vacancy  dusters  can  be  exduded. 

J4 . 3 

SHORT-RANGE  ORDER  IN  ot-BRASS.  Leszek  Reinhard, 

ETH  Zurich,  now  at  Dept,  of  Physics,  Univ.  of 
Houston,  Houston,  TX;  Bernd  Schonfeld,  Gernot 
Kostorz,  Angewandte  Physik,  ETH  Zurich,  CH-8093 
Zurich,  and  Willi  Biihrer,  LNS  der  ETH  Zurich, 
CH-5303  Wiirenlingen,  Switzerland. 

States  of  equilibrium  in  a-brass  single  crystals 
of  different  composition  (Cu-31.1  at.%  Zn  and  Cu- 
22.4  at.%  Zn,  using  the  isotope  Cu-65  to  enhance 
the  scattering  contrast)  were  investigated  by 
elastic  diffuse  neutron  scattering.  The  scatter¬ 
ing  contributions  due  to  short-range  order  and 
linear  atomic  displacements  were  separated  by  a 
least-squares  fitting  procedure. 

The  short-range  order  intensity  showed  four  max¬ 
ima  in  the  (001)  plane  around  the  110  position. 
These  maxima  are  due  to  the  flat  portions  of  the 
Fermi  surface  along  the  <11 0>  directions.  Fermi 
vectors  deduced  from  their  location  are  in  good 
agreement  with  results  of  positron  annihilation 
experiments.  The  intensity  modulations  are 
smaller  for  the  sample  with  the  lower  Zn  concen¬ 
tration. 

Effective  pair  potentials  were  determined  based 
on  the  approximation-free  inverse  Monte-Carlo 
method  and  the  high  temperature  approximation  of 
Clapp  and  Moss .  A  dominant  nearest-neighbour  in¬ 
teraction  is  found,  and  there  are  no  signs  of  a 
distinct  dependence  on  Zn  concentration.  Based  on 
a  Monte-Carlo  simulation,  a  low- temperature  phase 
Cu^Zn  with  DOj^  structure  is  suggested. 
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J4.4 

SHORT  RANGE  ORDER  IN  CU-ZN:  A  COMPARISON  OF  NEUTRON 
DIFFUSE  SCATTERING  DATA  WITH  FIRST  PRINCIPLES  RESULTS. 

M.  Slulter.  Lawrence  Berkeley  Laboratory,  Berkeley,  CA 
94720,  and  Lawrence  Livermore  National  Laboratory, 
Livermore,  CA  94550,  P.E.A.  Turchi,  Lawrence  Livermore 
National  Laboratory,  Livermore,  CA  94550,  D.M.  Nicholson 
and  G.M.  Stocks,  Oak  Ridge  National  Laboratory,  Oak  Ridge, 
TN  37831-6114,  D.D.  Johnson,  Sandia  National  Laboratory, 
Livermore,  CA  94550,  F.J.  Pinski,  University  of  Cincinnati, 
Cincinnati,  OH  45221. 

Recently,  measurements  of  short  range  order  (SRO)  neutron 
diffuse  scattering  intensity  have  been  performed  on 
quenched  Cu-Zn  alloys  with  22.4  to  31.1.  at.  I  Zn  and  pair 
interactions  were  obtained  by  Inverse  Monte  Carlo 
simulation  [1].  These  results  will  be  compared  to  SRO 
intensities  and  effective  pair  interactions  obtained  from 
first-principles  electronic  structure  calculations.  The 
theoretical  interactions  were  obtained  with  the  KKR-CPA- 
Generalited  Perturbation  Method  (GPM) .  The  theoretical 
SRO  intensities  were  calculated  with  the  Cluster  Variation 
Method  in  the  tetrahedron-octahedron  approximation  with 
firsc-principles  pair  interactions  as  input.  More 
generally,  phase  stability  in  the  Cu-Zn  alloy  system,  using 
the  energetic  properties  obtained  with  the  KXR-CPA-GPM, 
will  be  discussed. 

J4.5 

ORDERING  MECHANISM  IN  SUBSTITUTIONAL  Ni-Cr  ALLOY: 

EXPERIMENTS  AND  THEORY.  P.E.A.  Turchi,  R.H.  Howell, 

A.L.  Wachs,  M.J.  Fluss,  LLNL,  Livermore,  CA;  F.J.  Pinski, 
University  of  Cincinnati,  OH;  D.M.  Nicholson  and 
M.G.  Stocks,  ORNL,  Oak  Ridge,  TN;  W.  Scnweika,  IFKJ,  Julich, 
FRC. 

Recent  measurements  of  short  range  order  (SRO)  -  Diffuse 
neutron  scattering  intensity  have  been  performed  on 
quenched  Ni-Cr  alloys  in  the  range  II  to  25  at.  Z  in  Cr 
[1].  Typical  behavior  of  the  pair  interactions,  as 
obtained  from  Inverse  Monte-Carlo  simulations,  strongly 
indicates  the  existence  of  a  well  defined  flat  sheet  of 
the  Fermi  surface,  primarily  normal  to  the  (110]  direction. 
These  results  are  compared  with  first  principles  KKR-CPA 
band  structure  calculations  of  the  Bloch  spectral  function 
as  well  as  effective  pair  interactions  deduced  from  the 
Generalized  Perturbation  Method.  Furthermore,  two- 
dimensional  angular  correlation  of  positron  annihilation 
radiation  measurements  allow  us  to  Investigate  the 
fermiology  of  this  alloy  system  and  confirm  the  above 
results.  Hence,  we  prove  the  major  role  played  by 
specific  features  of  the  Fermi  Surface  in  driving  SRO  in 
disordered  alloys  and  establish  a  clear  connection  between 
neutron  scattering,  positron  annihilation  spectroscopy  and 
theoretical  investigations  of  ordering  processes  in 
substitutional  alloys. 

J4.6 

PHONON  DISPERSION  IN  THE  ALLOY  Cuo.85  Alo.  1 5-  Henry  Omu.  S. 
M.  Shapiro.  Brookhavcn  National  Laboratory,  S.  C.  Moss.  Univer¬ 
sity  of  Houston,  and  M.  E.  Mostollcr.  Oak  Ridge  National  Labora¬ 
tory 

X-ray  scattering1  revealed  diffuse  satellites  which  were  at¬ 
tributed2  to  screening  sigularities  associated  with  parallel  flat 
sections  of  the  Fermi  surface,  in  analogy  with  Kohn  anomalies. 
We  have  confirmed  the  clastic  nature  of  this  scattering  with 
neutrons  and  made  detailed  measurements  of  phonon  dispersion 
curves  on  a  large  single  crystal  of  Cuo.85Alo.15  at  room  tempera¬ 
ture.  Phonon  frequencies  were  ascertained  to  better  than  +0.03 
meV  but  no  clear  anomaly  was  observed  near  the  expected  wave 
vector  q  =  2kp.  Near  the  zone  boundaries  the  phonon  energies 
were  significantly  lower  than  the  corresponding  phonons  in 
pure  Cu.  This  is  attributed  to  mode  repulsion  from  high  freqency 
localized  vibrational  modes  of  the  Al  atom  in  the  Cu  host  lattice3. 


Inter-atomic  force  constants  znd  vibrational  density  of  states 
were  obtained  by  performing  a  Bom-von  Karman  analysis  on  the 
complete  set  of  phonon  dispersion  curves.  Implication  of  these 
results  on  the  short  range  order  in  this  alloy  will  be  discussed. 

J4.7 

COMPOSITION  AND  TEMPERATURE  DEPENDENCE  OF  THE 
SHORT  RANGE  ORDER  DIFFUSE  SCATTERING  IN  Alt  Ag,< 
ALLOYS.*  G.  M.  Stocks  and  D.  M.  Nicholson,  Oak  Ridge  National 
Laboratory,  Oak  Ridge,  TN;  F.  J.  Pinski,  University  of  Cincinnati, 
Cincinnati,  OH;  J.  B.  Staunton,  University  of  Warwick,  United  Kingdom; 

D.  D.  Johnson,  Sandia  National  Laboratory,  Livermore,  CA;  and 
B.  L.  Gyorffy,  University  of  Bristol,  United  Kingdom. 

Wc  show  results  of  calculations  for  the  temperature  and  composition 
dependence  of  the  short  range  order  (SRO)  diffuse  scattering  in 
AlpAg,^  solid  solutions.  The  calculations  are  based  on  the  ab  initio 
concentration  functional  theory  of  Gyorffy  and  Slocks.  The  complex 
lemperature  and  concentration  dependence  of  the  diffuse  scattering 
argues  for  experimental  studies  of  the  SRO  at  temperature  in  the  Ah 
rich  solid  solution  phase  in  order  to  confirm  the  suggestions  that  the 
origin  of  Guinier-Preston  zone  formation  in  these  alloys  lies  in 
concentration  rather  than  displacement  fluctuations. 

J4.8 

1'HASE  pIAQKAMS  AND  DIFFUSE  NEUTRON  SCATTERING 
R  Can  (Iron.  F.Solal  and  A.Find,  ONERA,  B. P.72,  92322  Chatillon 
(France) 

The  otdet  piupcilies  of  Compounds  or  solid  solutions  ate  important 
ingredients  of  the  phase  diagrams.  For  alloys  of  normal  and  transition 
metals,  they  cart  be  dcscriltcd  in  tenns  of  interaction  potentials  between  the 
atomic  species  present  in  the  alloys.  Within  litis  framework,  phase  diagram 
should  be  deducible  from  these  potentials.  In  our  laboratory,  calculation 
techniques,  using  tight  binding,  C.P.A.  and  G.P-M.  approximations  have 
been  developed  to  deduce  interaction  potentials  from  the  electronic  structure 
of  the  alloys.  1  hese  techniques  are  valid  for  transition  metal  alloys,  being 
based  on  the  tight  binding  method.  Experimentally,  our  purpose  is  to  obtain 
interaction  potentials  through  the  measurements  of  the  short  range  order 
parameter,  in  order  to  check  them  against  the  calculated  orders  of 
magnitude  and,  ultimately,  to  build  phase  diagrams.  As  an  example,  wc 
describe  our  diffuse  neutron  scattering  measurements  ai  high  lemperature 
on  single  crystals  or  Ni  ■jCr.PdjV  and  Ni  jV.  'Jhe  latter  alloys  exhibit  a  first 

order  transition  from  the  disordered  FCC  solid  solution  to  DC^.  a  FCC 
based  superstructure.For  each  sample  at  each  temperature, wc  explored  the 
(100)  and  the  (110)  planes  of  the  reciprocal  space,  and  we  submitted  the 
intensities  measured  to  a  linear  least  squares  fitting  procedure,  using  a 
model  including  sf  ;t  range  order  parameters  a(R)  and  first  order 
displacement  paranr  crs.  Tor  Nt^V  and  NtjCr,  the  diffuse  maxima  occur 

at  the  expected  (1  yll)  positions,  as  the  ordered  state  is  DOjj*  For  Pd-jV, 
they  surprisingly  occur  at  (100)  positions:  the  mean  field  theory  leads  to  a 
correct  prediction  for  Nt^V  and  NijCr,  but  not  for  PdjV:  we  present  better 
thermodynamical  models  (C.V.M  and  Monte  Carlo  simulations),  yielding 
potentials  and  transition  temperatures 

J4.9 

DIFFUSE  NEUTRON  SCATTERING  STUDY  OF  THE 
SHORT-RANGE  ORDER  IN  Fe  20at»  AI  ALLOY. 
Werner  E.  Schweika,  KFA  JUlich  GmbH,  Institut 
ftlr  FestktSrperforschung,  5170  JUlich,  FRG 

The  short-range  order  in  a  Fe  20at%  Al  single 
crystal  has  been  studied  as  a  function  of  the 
temperature  in  the  ferromagnetic  and  paramagnetic 
phases  by  diffuse  neutron  scattering.  The 
experiments  have  been  performed  at  the  instrument 
for  diffuse  neutron  scattering  (DNS)  at  the  cold 
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beam  of  the  Jiilich  research  reactor.  The  energy 
of  the  scattered  neutrons  has  been  .analysed  by 
the  tiine-of-f light  method. 

Above  the  Curie  temperature  Tc  a  diffuse  peak  due 

to  short-range  order  is  found  at  the  zone 
boundary  points  100.  A  least  squares  analysis 
yields  parameters  for  short-range  order  and 
lattice  displacements.  Effective  pair-potentials 
are  obtained  by  the  inverse  Monte  Carlo  method. 

Below  Tc  the  expected  usual  increase  of  the  100 
peak  is  not  found  when  the  temperature  is 
lowered.  Instead  the  intensity  at  increases 

with  an  onset  of  long-range  ordering  below 
T  =  350  °C.  The  observed  new  phase  seems  to  be 
metastable,  since  after  long  annealing  finally 
the  intensity  of  the  100  peak  grows  as  well  and 
the  DOj  structure  is  formed.  The  influence  of  the 

ferromagnetic  interaction  on  the  chemical 
ordering  is  discussed. 

J4.10 

LATTICE  MISFIT  AND  DECOMPOSITION  IN  NI-AL-M0  ALLOYS 
Hector  Calderon  and  Gernot  Kostorz,  Angewandte  Physlk,  ETH 
Zurich,  CH-8093  Zurich,  Switzerland. 

The  effect  of  lattice  mismatch  6  between  the  z-matrlx  and 
■j'-preclpltates  on  the  decomposition  process  of  Nl-Al-Mo 
alloys  has  been  Investigated  by  means  of  small-angle  neu¬ 
tron  scattering  (SANS)  and  transmission  electron  micros¬ 
copy  (TEM).  The  role  of  the  elastic  strains  Induced  by  6 
on  the  precipitate  arrangement,  morphology  and  coarsening 
kinetics  Is  not  yet  clear.  Recent  theoretical  work  by 
Johnson  and  by  Kawasaki  has  shown  that  a  comparison  be¬ 
tween  the  predicted  influence  of  Interparticle  Interac¬ 
tions  and  experiment  Is  already  possible. 

Single  crystalline  specimens  with  various  compositions 
were  used  for  the  SANS  experiments.  The  lattice  mismatch  fi 
was  varied  by  Mo  addition.  It  ranged  from  l.ZZ  (binary  N1- 
12.6  at.Z  Al)  to  0Z.  All  specimens  were  aged  In-beam  at 
833  K  or  at  883  K. 

The  experimental  SANS  results  obtained  at  the  Instltut 
Laue-Langevln,  Grenoble,  France,  show  that  the  shape, 
arrangement  and  coarsening  rate  of  the  -particles  are 
very  sensitive  to  coherency  strains.  The  scattering  pat¬ 
terns  for  alloys  with  6  •  1.2  and  0.6Z,  respectively,  are 
anisotropic  with  sharp  peaks  along  <100>,  This  suggests 
that  even  very  small  e'-partlcles  are  not  spherical  and 
arranged  along  specific  directions.  Alloys  with  6  •  0  give 
rise  to  Isotropic  scattering  patterns,  which  Indicates  a 
spherical  particle  shape  and  no  orientational  preference. 
Furthermore,  the  reduction  of  fi  apparently  slows  down  the 
coarsening  rate  by  a  factor  of  23.  High-resolution  and 
dark-field  TEM,  results  on  precipitate  shape  and  arrange¬ 
ment  will  also  be  presented. 

J4.ll 

. NFLUENCE  OF  INTERSTITIAL  OXYGEN  ON  THE  LATTICE 
PARAMETERS  OF  SOLUTION-TREATED  AND  AGED  TI-8.6AL 
ALLOYS.*  George  T.  Gray  III  and  A  C.  Lawson,  Los  Alamos 
National  Laboratory,  Los  Alamos,  New  Mexico  87545 

Interstitial  oxygen  has  long  been  known  to  have  a  pronounced  influence 
on  the  structure  and  mechanical  properties  of  titanium  alloys,  particularly 
those  containing  the  ordered  Ti3Al(hereafter  a2)  phase.  Systematic 
studies  on  binary  Ti-Al  alloys  have  suggested  that  a  major  portion  of  this 
influence  is  related  to  the  fact  that  oxygen  stabilizes  a2  and  is 
qualitatively  linked  to  an  increased  tendency  for  inhomogeneous  slip  in 
alloys  containing  >6  wt%  Al.  Electron  microscopy  studies  of  a-alloys 
have  further  suggested  that  oxygen  and/or  aluminum  ordering  may  be 
occurring. 


To  investigate  possible  aluminum  and  oxygen  ordering  in  Ti-8.6A1, 
neutron  diffraction  experiments  were  conducted  on  Ti-8.6A1  alloys 
containing  three  oxygen  contents,  500  ppm,  1000  ppm,  and  2000  ppm  in 
the  solution-treated  condition  and  aged  to  precipitate  a2.  Neutron 
diffraction  data  were  obtained  on  H1PD  at  LANSCE  and  the'data  refined 
using  GSAS. 

The  lattice  parameters  "a"  and  "c"  were  observed  to  vary  as  a  function  of 
oxygen  content  and  heat  treatment  condition.  Consistent  with  literature 
data  on  pure  Ti,  the  "a"  lattice  parameter  of  the  solution-treated  Ti-8.6A1 
material  is  seen  to  be  relatively  insensitive  to  oxygen  while  the  "c” 
parameter  increases  with  oxygen  content.  Following  aging  to  precipitate 
the  a2,  the  "c"  lattice  parameter  is  seen  to  still  exhibit  a  positive 
dependence  on  oxygen  content  with  aging  and  a  slight  "c"  parameter 
increase  compared  to  the  solution-treated  material.  The  "a"  lattice 
parameter  of  the  aged  Ti-8.6A1  alloys  show  decreased  "a"  values  with 
increasing  oxygen  content.  The  LANSCE  data  will  be  discussed  in  light 
of  parallel  TEM  results  and  literature  data. 


J4.12 

IN -BEAM  SMALL-ANGLE  SCATTERING  STUDIES  OF  PHASE 
SEPARATION  IN  NI-TI  SINGLE  CRYSTALS.  Alberto 
Cerri,  ETH  Zurich,  now  at  University  of  Vienna, 
Festkorperphysik,  A-1090  Wien;  Bernd  Schonfeld 
and  Gernot  Kostorz.  Angewandte  Physik,  ETH 
Ziirich,  CH-8093  Zurich,  Switzerland;  Albert  F. 
Wright,  Institut  Laue-Langevin,  F-38042  Grenoble, 
France . 

Phase  separation  of  quenched  supersaturated  Ni- 
(9.5-12.0)  at.%  Ti  single  crystals  was  followed 
by  small-angle  neutron  scattering  (SANS)  during 
in-beam  aging  at  773,  B13  and  853  K.  Because  Ni 
and  Ti  differ  appreciably  in  scattering  length, 
very  sensitive  measurements  were  possible.  With 
the  incident  beam  along  <11 0>,  scattering  maxima 
in  <100>  directions  were  observed  from  the  ear¬ 
liest  stages  of  decomposition. 

While  the  results  obtained  at  773  K  may  be  com¬ 
patible  with  the  general  features  of  spinodal  de¬ 
composition,  the  behavior  at  813  and  853  K  may  be 
interpreted  on  the  basis  of  the  two-phase  model 
with  homogeneous  precipitates  in  a  depleted  ma¬ 
trix.  Here,  the  integrated  SANS  intensity  reaches 
a  constant  level  after  several  hours.  Later 
stages  should  be  controlled  by  Ostwald  ripening. 
Though  scaling  may  be  shown  to  hold  (with  a  cer¬ 
tain  choice  of  scaling  variables),  the  ageing 
kinetics  is  considerably  slower  than  expected. 
This  may  be  related  to  a  stabilizing  effect  of 
elastic  coherency  stresses  due  to  the  lattice 
mismatch  of  precipitates  and  matrix. 


J5.1 

COMPOSITION  AND  PROFILE  DETERMINATION  OF  LIGHT  ELEMENTS 
BY  NEUTRON  ABSORPTION  REACTIONS.  R.  Gregory  Downing. 
George  P.  Lamaze,  John  K.  Langland  and  Brent  L.  Grazman, 
National  Institute  of  Standards  and  Technology.  Bldg.  235,  Rm 
B 108,  Gaithersburg,  MD  20899. 


A  second  generation  neutron  depth  profiling  (NDP)  facility  has 
been  constructed  on  a  “cold"  (i.e.  low  energy)  neutron  port  as 
part  of  the  Cold  Neutron  Research  Facility  (CNRF)  at  NIST.  The 
increased  neutron  flux  density  and  reaction  rate  enables  the 
nondestructive  determination  of  concentration  versus  depth 
profiles  of  5He,  ®Li,  7 Be,  10B,  UN,  and  22Na  with  analysis  times 
and  resolution  comparable  to  those  of  RBS.  At  somewhat  looger 
limes  for  data  acquisition,  35C1  and  170  can  be  profiled  as  well. 

By  exploiting  the  intrinsic  properties  of  cold  neutrons,  energy 
sensitive  samples  such  as  polymer  films  are  nondestructive^ 
analyzed  using  NDP  and  the  exact  same  sample  volume 
successively  studied  with  other  analytical  techniques. 

The  new  NDP  facility  is  designed  to  enable  positioning  of 
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individual  samples  in  the  target  chamber  while  maintaining  a 
high  vacuum  environment.  Programmable  temperature 
control  of  the  sample  holder  during  analysis  allows  the  study  of 
solid  state  diffusion  in  real  time.  The  target  chamber  has 
several  discrete  charged  particle  detector  systems  including 
coincidence  detection  for  analyzing  self-supporting  thin  films 
and  time-of-flight  energy  analysis  for  high  resolution,  near¬ 
surface  analysis.  The  simultaneous  use  of  multiple  detectors 
give  an  optimized  depth  resolution  in  the  minimum  amount  of 
analysis  time.  Position  sensitive  detectors  are  being  used  to 
perform  channelling  measurements  and  eventually, 

multidimensional  profile  characterization  of  the  sample.  Other 
tools  are  being  incorporated  in  the  instrument  for  in  situ 
cleaning  and  sputtering  of  the  sample  surface. 

J5.2 

DISTRIBUTION  OF  BORON  IN  ION  IMPLANTED  Hgj.xCdjJe, 
Robert  C.  Bowman,  Jr.,  and  John  F.  Knudsen.  The 
Aerospace  Corporation,  El  Segundo,  CA;  and  R.  Gregory 
Downing,  National  Institute  for  Standards  and 

Technology,  Gaithersburg,  MD. 


Boron  ion  implantation  is  often  used  to  fabricate  n-p 
junctions  in  Hgi.jjCdjjTe  for  its  use  as  infrared 
photovoltaic  detectors.  The  distributions  of  the 
implanted  species  as  well  as  accompanying  lattice 
damage  are  important  parameters  with  regards  to 
subsequent  performance  of  these  devices.  Multiple 
energy  (50-400  keV)  boron  implants  were  made  into  bulk 
and  epitaxial  HggyCdQ^Te  as  well  as  CdTe  single 
crystals.  A  nondestructive  neutron  depth  profiling 
(NDP)  method  has  been  used  to  measure  the  boron  (1°B) 
concentration  profiles  before  and  after  post-implant 
anneals.  When  the  NDP  results  are  compared  with 
theoretical  ion  ranges  obtained  by  the  TRIM  Monte  Carlo 
computer  simulations,  the  profiles  correspond  closely 
to  the  calculated  boron  distributions. 


The  behavior  of  boron  Implants  through  photo chemically 
deposited  S102  passivation  films  on  Hgo.yCdojTe 
has  also  been  evaluated.  The  distributions  of  boron 
within  each  of  the  layers  were  monitored  by  combined 
pi  .ailing  and  etching  experiments  and  were  compared 
with  the  prediction  from  the  TRIM  simulations.  The 
SIO2  film  acts  primarily  like  a  neutral  region  that 
shifts  the  boron  profiles  toward  the  surface.  Some 
effects  of  this  shift  on  the  electrical  parameters  of 
Hgo.7Cdo.3Te  will  be  described. 

J5. 3 

At;S  MEASUREMENT  OF  HYDROGEN-DISLOCATION  CORRELATION  IN 
PALLADIUM.  P-enr  .7  Heuaer.  G.  C.  Summer  f  ie  Id,  J.  S, 
/.mg,  University  of  Michigan,  Ann  Arbor,  MI;  and  J.  E. 
•.pperson,  Argonne  National  Laboratory,  Argonne,  IL. 

Small  angle  neutron  scattering  measurements  have  been  made 
on  deformed  polycrystal  palladium  samples  with  and  without 
deuterium  (and  hydrogen)  dissolved  in  the  solution  phase 
(a)  at  room  temperature.  Deformation  was  produced  in  one 
set  of  samples  by  cold  rolling  to  6S%  CW,  and  in  a  second 
set  by  a  hydriding-dehydriding  cycle  (a /p/a)  .  Solubility 
enhancements  above  that  for  well  annealed  samples 
(Sievert's  law)  were  found  to  be  about  30%  for  CW  samples 
and  40%  for  (a/f)/a)  samples.  These  are  in  reasonable 
agreement  with  results  published  by  Lynchil)  and 
Flanagan [2]  for  gas  atom  concentrations  near  5,000  ppm, 
and  attributed  by  these  authors  as  due  solely  to  the 
presence  of  dislocations.  Concentrations  were  held 
sonstAnt  during  SANS  experiments  by  an  equilibrium  gas 
pressure  cell.  The  difference  in  scattered  intensity  from 

ne  same  deformed  sample  before  and  after  gas  loading  was 
determined  as  a  function  of  Q  (Q*2s/A  sin  8)  .  The 
difference  scattering  was  strongest  for  the  (ct/fl/a) 
'•Ties  and  reveals  a  1/0  behavior  with  a  lowest  angle 
component  of  stronger  inverse  Q  dependence.  The  CM 


samples  show  qualitatively  the  same  pattern  but  the  data 
taken  thus  far  are  hampered  by  poor  statistics.  The  C 
dependencies  and  their  interpretation  will  be  discussed. 

J5 . 4 

STUD  V  OF  l REFERRED  ORIENTATION  IN  GEOLOGICAL  SAMPLES 
WITH  PULSED  NEUTRONS.  Allen  C.  Larson  and  Phillip  J.  Vergamini, 
Manuel  Lujan,  Jr.  Neutron  Scattering  Center  (LANSCE),  Los  Alamos 
National  Laboratory,  Los  Alamos,  NM  87545;  Rudy  Wenk,  Department  of 
Geology  and  Geophysics,  University  of  California,  Berkeley,  CA  94720. 

The  single  crystal  diffractometer,  (SCD)  at  LANSCE  provides  an  ideal 
capability  for  the  study  of  preferred  orientation  in  geological  samples.  The 
2-d  position  sensitive  detector  with  the  large  wavelength  range  available  at 
the  pulsed  neutron  source  allows  one  to  measure  the  complete  distribution 
of  intensities  for  several  poles  very  quickly.  Each  histogram  covers  about 

jj2 

■jg-  Radians  of  reciprocal  space  and  will  contain  information  from  all 
possible  poles  visible  with  the  wavelength  range  used,  usually  about  0.5  to 
5.0  A.  With  this  method  complete,  pole  figures  of  many  lattice  planes  can 
be  constructed  from  only  12  to  20  sample  orientations  as  compared  to  over 
1000  per  lattice  plane  using  conventional  diffractometers. 


Pole  figures  from  measurements  of  experimentally  deformed  standard 
samples  of  calcite  and  quartzite  with  a  known  history  of  deformation  will 
provide  information  about  deformation  mechanisms  and  their 
temperature/strain  history.  This  information  can  be  applied  to  interpret 
preferred  orientation  in  naturally  deformed  rocks. 

J5.5 

RESIDUAL  AND  APPLIED  STRESS  ANALYSIS.  Aaron  D. 
Krawitz.  University  of  Missouri,  Columbia,  MO  6521 1 

The  use  of  neutrons  for  stress  measurements  began  about  ten 
years  ago  and  has  been  increasingly  employed.  The  lower 
absorption  of  neutrons  by  most  engineering  materials  extends 
the  sampling  depth  from  microns  to  millimeters  and  enables 
the  study  of  new  types  of  problems.  It  is  particularly  suitable  for 
triaxial  macrostresses  and  stress  gradients  into  the  depth  of 
engineering  components,  volumetric  microstresses,  and  for 
systems  containing  heavy  elements,  such  as  tungsten  and 
uranium. 

One  major  application  involves  depth  profiling  of  macrostress 
gradients  through  the  thickness  of  parts  by  the  use  of  small 
probe  regions  created  via  slits  or  apertures.  Such  gradients 
arise,  for  example,  in  welded  or  heat-treated  components. 
Another  is  the  characterization  of  differential  thermal 
microstresses  created  upon  fabrication  of  metal  matrix 
composites  reinforced  with  fibers,  whiskers,  or  particles.  In  this 
case  the  whole  sample  is  irradiated  as  in  conventional  powder 
diffraction.  The  technique  has  also  been  used  to  study  the 
response  of  single  or  multiphase  alloys  to  applied  stress 
through  the  use  of  in  situ  tensile  test  devices. 

After  an  introduction  to  triaxial  stress  measurement 
methodology,  and  the  use  of  neutrons  for  this  purpose, 
examples  of  macro-  and  microstress  analysis  in  alloys  and 
composites  will  be  presented  as  well  as  applied  stress  work. 
Measurements  at  both  steady  state.and  pulsed  sources  will  be 
included. 
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J5.6 

RESIDUAL  STRESS  MEASUREMENTS  8Y  MEANS  OF  NEUTRON  DIFFRACTION 
H:.J-  Pr.ask,  and  C.S.  Choi,  Reactor  Radiation  Division, 
National  Institute  of  Standards  and  Technology, 
Gaithersburg,  MD  20899 

Neutron  diffraction  is  analogous  to  x-ray  diffraction  in 
methodology  and  analytical  formalism;  however,  in  the 
wavelength  regime  appropriate  to  diffraction,  neutrons  are 
typically  about  a  thousand  times  more  penetrating.  The 
neutron  diffraction  technique  is  also  nondestructive. 
Energy-dispersive  neutron  diffraction  has  been  developed  at 
the  NIST  reactor  as  a  probe  of  sub-  and  near-surface 
residual  stresses  in  technological  samples.  Application  of 
the  technique  has  been  made  to  a  variety  of  metallurgical 
specimens,  and  includes  the  determination  of  tri-axial 
stresses  as  a  function  of  depth  in  a  number  of  uranium- 
3/4wt%Ti  samples  with  different  thermo-mechanical  histories, 
and  in  two  types  of  7075-T6  aluminum  "ogives"-  of  interest 
to  the  Army.  Also  determined  was  a  bi-axial  stress 
distribution  vs.  depth  in  an  induction-hardened-steel  test 
specimen  (for  the  SAE) .  Details  of  the  technique  and 
applications  will  be  presented. 

J5.7 

r.:; analysis  by  neutron  time-of-t  flight  at  a 

REACTOR  SOURCE.  H.C.  Priesmeyer,  Institut  fir  Reine 
and  Angewandte  Kernphysik,  UniversitSt  Kiel;  J.  Schrb- 
der,  Institut  Tilr  Werkstofforschung ,  GKSS-FOP.SCHUNGSZEN- 
TRUM  ,  P.B.  11  60,  D-205A  GeestLacht/FRG 

A  nigh-resolution  neutron  time-of-flight  powder  diffrac¬ 
tometer  has  been  installed  at  the  FRG-1  research  reactor 
(5  MW)  in  Geesthacht.  Tne  instrument  is  a  Fourier  corre¬ 
lation  spectrometer,  operating  in  the  reverse  time-of- 
flight  ( RTOF)  mode.  Correlation  spectrometry  is  known  to 
be  very  neutron-efficient  in  the  low-energy-range,  so 
that  extensive  stress  profiling  can  be  done  on  small  or 
medium  size  neutron  sources  in  acceptable  measuring  ti¬ 
mes.  The  neutron  time-of-flight  has  important  advantages 
for  strain  measurements-. 

a.  )  the  "white"  reactor  neutron  spectrum  allows  simul¬ 

taneous  investigation  of  many  renexions; 

b.  )  the  scattering  volume  is  ideally  defined  in  90  ° 

geometry ; 

c. )  fixed  geometry  eases  setups  for  special  environ¬ 

ments  ; 

d. )  there  Is  no  high-order  contamination; 

e. )  the  resolution  is  almost  constant  over  the  whole 

energy  range. 

Details  of  the  instrumental  setup  and  first  experimental 
-esults  will  be  presented. 

J5 . 8 

EFFECT  OF  HEAT  TREATMENT  AND  UNIAXIAL  COMPRESSION  ON  THE 
RESIDUAL  STRESSES  IN  U-0.8  wt . Ti  ALLOY  MEASURED  BY 
NEUTRON  DIFFRACTION.  A.  Sal inas-Rodriguez.  J.  H.  Root, 

T.M.  Holden,  S.  R.  MacEwen,  Chalk  River  Nuclear 
Laboratories.  Ontario,  Canada  KOJ  1JO;  and  CM,  Ludtka, 
Martin-Marietta  Energy  Systems,  P.0  Box  2004,  Oak  Ridge, 
Tennessee. USA. 

The  residual  stress  distribution  In  17  mm  thick-walled, 
y-quenched  U-0.8T1  alloy  tubes  was  studied  using  neutron 
diffraction  techniques.  Additional  measurements  were  made 
after  the  as-quenched  tubes  were  stress  levelled  at  room 
temperature  (0.015  strain  in  compression),  or  aged  at  658  K 
followed  by  Immersion  quenching,  or  after  combined  stress 
levelling  and  aging.  The  stresses  were  calculated  with  the 
isotropic  bulk  values  of  the  elastic  constants  for  U-0.8T1 
alloys  given  strains  measured  from  shifts  In  the  (110), 
(111)  and  (112)  Bragg  peaks 

Quenching  from  the  r  field  resulted  In  a  biaxial  stress 
state  at  every  point  across  the  wall  of  the  tube.  The 


radial  stress  was  negligible.  The  axial  and 
circumferential  stresses  were  equal,  reaching  700  MPa  in 
compression  at  the  tube  outer  surface  and  500  MPa  in 
tension  in  the  interior.  After  the  tube  was  aged  at  658  K 
for  4  hours  and  Immersion  quenched  to  room  temperature  the 
residual  stresses  were  about  30X  lower  than  those  observed 
in  the  as-quenched  condition.  Stress  levelling  relieved 
all  the  residual  stresses  within  experimental  uncertainty. 

J5.9 

NEUTRON  MEASUREMENT  OF  RESIDUAL  STRESSES  IN  A  USED 
RAILWAY  RAIL.  Peter  J .  Webster  ■  Keng  S.  Low, 
Gordon  Mills,  Department  of  Civil  Engineering, 
University  of  Salford,  Salford  M5  4WT,  UK;  and 
George  A.  Webster,  Department  of  Mechanical 
Engineering,  Imperial  College,  London  SW7  2A2,  UK. 

The  high  resolution  neutron  diffraction  technique 
has  been  applied  to  determine  non-destructively 
the  residual  stress  distribution  developed  in  the 
head  of  a  railway  rail  after  normal  service. 

Measurements  were  made,  using  the  neutron  strain 
scanner  at  the  Institut  Laue  Langevin,  Grenoble, 
on  a  transverse  slice  of  rail  12mm  thick  taken 
from  a  section  of  straight  track.  The  rail  head 
was  scanned  in  the  three  principal  orientations  in 
a  series  of  parallel  traverses  sufficiently  close 
to  enable  a  two  dimensional  matrix  of  data  to  be 
accumulated  and  vertical,  transverse  and 
longitudinal  residual  stress  contours  to  be  drawn. 

Substantial  residual  compressive  and  tensile 
stresses  and  steep  stress  gradients  were  observed 
related  to  the  depth  below  the  top  surface, 
distance  from  the  running  line  and  shape  of  the 
rail  head.  The  highest  stresses  and  stress 
gradients  were  observed  in  transverse  and  vertical 
directions  but-  significant  stresses  were  also 
retained  in  the  longitudinal  (12mm  thick) 
direction  of  the  rail. 

The  results  demonstrate  the  effectiveness  and 
unique  characteristics  of  the  neutron  technique  to 
■jecermine  non-destructively  and  continuously  the 
residual  stresses  inside  engineering  components. 

J5.10 

'lewtron  Diffraction  Analysis  of  Residual  Stress 
in  Corrosion  Resistant  Alloys.  Michael  P.  Anderson 
Exxon  Research  and  Engineering  Co.,  Annandale,  NJ, 

Maurice  Watkins,  Exxon  Production  Research  Co., 

Houston,  TX,  and  David  Vakmin,  Brookhaven  National 
laboratories ,  Upton,  NY 

Reserves  being  produced  by  oil  companies  contain 
chemical  species,  such  as  hydrogen  sulfide,  that 
aggressively  attack  traditional  materials.  To 
deal  effectively  with  these  environments,  a  new 
materials  technology  utilizing  corrosion-resistant 
alloys  based  upon  nickel,  iron,  chromium,  and 
molybdenum  is  being  developed.  Because  these 
materials  are  strengthened  by  cold  work,  complex 
residual  stress  states  occur.  These  stresses  can 
influence  performance  by  affecting  susceptibility 
to  environmental  cracking.  Therefore,  a  study  was 
undertaken  to  accurately  measure  residual  stress 
distributions  as  a  function  of  processing  where  the 
principal  variable  examined  was  the  method  of  tube 
production.  A  methodology  based  upon  neutron  scat¬ 
tering  was  used  to  measure  the  through-wall  distri¬ 
bution  of  residual  stresses.  The  results  show 
that  the  residual  stress  patterns  are  a  function 
of  the  deformation  mode.  Tubulars  that  are  cold 
worked  by  pllgerlng  have  large  compressive  stresses 
on  the  inner  diameter  and  large  tensile  stresses 
on  the  outer  diameter.  In  contrast,  tubulars  that 
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are  drawn  have  tensile  stresses  on  the  inner 
diameter  and  compressive  stresses  on  the  outer 
diameter. 

JS .11 

Nr.'J"  ROX  HFFRATTIOS  MEASUREMENT  cf  stress  field  during 
FAriUUE  CYTLING  Cr  A  CRACKED  TEST  SPEC I.NE.N.  M.T.  Hwq chides . 
C.A.  Hippsley  2nd  V.  Rainey,  Materials  Physics  ar.d 
Metallcrty  Division,  Harwell  Laicrattry,  Ciccot,  CX11  ORA, 
UK. 

Neutron  cilirecticn  provides  a  unique  method  of  measuring 
the  internal  stress  field  within  metallic  components'11,  and 
hence  cf  testing  values  of  stress  hitherto  only  determined 
by  theoretical  calculation. 

The  triao:ial  stress  tenser  along  the  line  cf  cracking  at  two 
stages  of  a  fatigue  cycle  applied  to  a  fatigue  test  specimen 
cf  ferritic  steel  has  been  determined.  The  experiments  were 
performed  with  high  volume  resolution  of  \  Iran1  or.  a  sample 
cf  size  w  13  x  31  x  a 5 mm 3  using  the  D1A  diffractometer  at 
the  Institut  Laue  Langevin,  Grenoble.  A  wavelength  of  1.91A 
was  used  and  the  strains  calculated  from  a  comparison  of  the 
(211)  3ragg  reflection  angles  with  those  from  an  annealed 
piece  cf  steel  cf  the  same  composition.  Kith  the  assumption 
that  the  principal  strains  lie  along  the  symmetry  axes  of 
the  specimen,  the  strain  field  was  first  measured  at  the 
maximum  applied  stress  intensity,  the  sample  being  held  at 
maximum  load  by  a  bolt.  The  applied  load  was  then  relieved 
by  removal  of  the  bolt,  and  the  strain  field  remeasured. 
Tr.e  triaxial  strain  tensors,  at  intervals  of  0.5- lmm,  were 
converted  to  stress  tensors  using  standard  theory  and  values 
cf  E  =  207  GPa  and  v  ■  0.28.  These  experimentally 
determined  stress  fields  are  compared  with  those  expected 
from,  standard  analysis. 

J6.1 

DYNAMICS  OF  STAR-BRANCHED  POLYMERS  IN  SOLUTION. 

J ■  S .  Huana  and  L.  J.  Fetters,  Exxon  Research  and 
Engineering  Company,  Ft.  22E,  Annandale,  NJ 
08801;  D.  Richter  and  B.  Farago,  Institut  Laue- 
Langevin,  136X,  38042  Grenoble  Cedex,  France;  and 
B.  Ewen,  Max  Planch  institut  Fur  Polymerforschung, 
6500  Mainr,  FRG. 

we  have  studied  12-arro  star-branched  polymers 
using  elastic  and  quasi-elastic  small  angle 
neutron  scattering.  By  selectively  labeling  a 
single  arm  as  well  as  labeling  of  the  center  core 
of  the  star  polymer,  we  accessed  the  static  and 
dynamic  properties  of  the  constituents  of  the 
star.  We  have  investigated  the  relaxation  between 
the  static  structure  of  the  star  and  its  initial 
dynamic  response  ae  measured  by  neutron  spin  echo 
spectroscopy.  In  the  frame  work  of  the  random 
phase  approximation,  the  initial  relation  rates 
for  the  various  partial  structure  factors  have 
been  obtained  for  a  Gaussian  star,  including  the 
effects  of  hydrodynamic  interaction.  The  Q- 
dependence  of  the  relaxation  rates  under  various 
solvent  contrast  conditions  can  be  quantitatively 
accounted  for. 

J6 . 2 

uicsostkucture  a::;>  isotopic  labeling  effects  on  the 

MISCIBILITY  OF  POLYBUTADIENE  BLENDS  STUDIED  BY  THE  SMALL  - 
ANGLE  NEUTLOfJ  SCATTEPINC  TECHNIQUE.  S.  Sukvirai. 

H.  Hast  rjv.i ,  T.  Hashimoto,  I.  C.  Hargis,  S.  L.  Aggarwal  and 
Z  r  ■  ILili  ■  Polyrntrs  Division.  National  Institute  of 
Standards  and  Technology,  Gaithersburg,  Md  20899. 

huuterated  polybutadiene  and  protonated  polybutadiene 
(i’BD/PBH)  blends  with  various  micros tructures  have  been 
studied  by  the  small-angle  neutron  scattering  experiments. 
Correlation  length,  zero-wavenumber  structure  factor, 
S(rpo),  and  interaction  parameter,  jrbl#nd  have  been 
obtained.  All  PBD/PBH  blends  exhibit  UCST  behavior.  With 


the  use  of  random  copolymer  theory,  the  interaction 
parameter,  xbltn„,  has  been  successfully  separated  into  xi  , 

X2  and  which  are  interaction  parameters  between  the  same 
isotope  labeled  1,2-unit  and  1,4-unit,  opposite  isotope 
labeled  1,2-unit  and  1,4-unit,  and  opposite  isotope  labeled 
1,2-unit  with  1,2-unit  or  1,4-unit  with  1,4-unit, 
respectively. 

It  can  be  concluded  that;  (1)  The  random  copolymer  theory  of 
ten  Brinke,  Karasz  and  MacKnight  works  well  for  this  case; 

(2)  The  intramolecular  interaction  between  different 
microstructure  pairs  gives  negative  contribution  to  the 
total  interaction  parameter,  xbl.nd:  (3)  The  magnitude  of 
the  individual  x  which  is  due  to  microstructure  effect  is 
much  bigger  than  that  due  to  the  isotope-labeling  effect. 

J6.3 

CHARACTERIZATION  of  molecular  network  of  THEEMOSETS  using 
NEUTRON  SCATTERING.  Uen-  II  ?u.  Polymer*  Division,  HIST, 
Ceithersburg,  HD  20899. 

Noucron  scatcaring  asasuraaantj  vara  conducted  to 
lavas  cl  gats  tha  conformation  of  tha  molecular  network  in  an 
epoxy  and  a  dyanata  as  Car  resins.  These  resins  were  all 
cured  through  a  homo  •polymerisation  process  and  all  the 
starting  monomers  vers  partially  deuterated  to  provide  the 
scattering  contrast.  Ho  amine  chain  vas  Introduced  into 
tha  network. 

It  vas  obsarved  that  tha  erossllnklng  process  resulted  In  a 
significant  change  In  the  scattering  intensity  over  a  Q 
range  from  0.005  to  1.5  l*1.  These  results  vere  analyzed 
using  a  schsae  baaed  on  Random  Phase  Approximation  (RPA)  to 
obtain  tha  intra-network  correlation  function.  Tha  resultj 
indicated  that  erossllnklng  caused  an  Increase  in  tha  end 
to  end  distance  of  the  monomer.  In  addition,  the 
erossllnklng  ves  also  found  to  induce  density  fluctuation, 
its  affect  on  the  validity  of  RPA  vill  be  discussed. 

J6.4 

SHEAR  INDUCED  PHASE  BEHAVIOR  OF  POLYMER  BLENDS  BY  SMALL 
ANGLE  NEUTRON  SCATTERING.  Alan  1 .  Nakatani  .  Hongdoo  Kim, 
and  Charles  C.  Han.  Polymers  Division,  National  Institute  of 
Standards  and  Technology,  Gaithersburg,  MD  20899. 

The  phase  behavior  of  polymer  blends  and  solutions  can  be 
changed  dramatically  by  deformation  using  a  variety  of  flow 
geometries.  Unlike  simple  binary  fluids  which  require 
extremely  high  shear  rates  to  produce  extremely  small  shifts 
in  the  phase  boundary,  polymer  phase  behavior  may  be 
influenced  by  as  much  as  10  degrees  with  the  application  of 
much  lower  shear  rates.  However,  there  is  a  large  body  of 
conflicting  data  concerning  the  nature  of  these  shear 
effects  in  polymers. 

Here  we  report  on  the  effects  of  shear  on  the  phase  behavior 
of  polymer  blends  by  small  angle  neutron  scattering  (SANS). 
Experiments  were  conducted  using  a  specially  constructed, 
concentric  cylinder  apparatus  for  in  situ  studies  of 
concentrated  polymer  solutions  and  melts.  Two  separate 
systems  will  be  discussed:  1)  a  blend  of  polystyrene  and 
polybutadiene.  2)  a  blend  of  polystyrene  and 
poly(vinylmethyle ther) .  Both  systems  exhibit  shifts  in  the 
phase  behavior  which  indicate  shear  induced  mixing  in 
agreement  with  previous  results  obtained  by  other 
techniques.  These  results  will  be  interpreted  in  context 
with  existing  theories  of  shear  induced  phase  behavior. 
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J6.5 


J6 . 8 


THERMODYNAMIC  INTERACTION  PARAMETERS  OF 
STEREOREGULAR  PMMA.  Jama  M.  OReillv.*  Hsinjis  Yang,**  and 
David  Teegardea,*  "Corpora ta  Research  Laboratories,  **Commerical 
Systems  Information  Group,  Eastman  Kodak  Company,  Rochester,  NY 
14650 

Stereoregular  PMMA  have  been  extensively  studied  by  SANS  and  other 
techniques.  In  these  studies  wo  report  the  measurement  of  the 
Flory-Huggins  interaction  parameters  by  SANS  using  the  RPA 
Blends  of  deuterated  atactic  PMMA  and  hydrogeneous  isotactic  and 
symdiotactio  PMMA  and  blends  of  deuterated  iso  tactic  PMMA  with 
atactic  PMMA  were  prepared,  and  scattering  measurements  were  made 
on  these  blends.  The  interaction  parameter  for  atactic  and  syndio 
xas  varies  from  -42  x  10-3  to  -5.8  x  10”*  with  increasing 
concentration  of  syndio.  The  Interaction  parameter  for  isotactic  and 
syndio  xis  ranges  from  -14  x  10  to  -41  x  10~*  with  increasing 
isotactic  concentration.  We  observe  the  familar  concentration 
dependence  of  X  which  is  sometimes  attributed  to  the  differences  in 
the  lattice  (molar)  volume  of  the  monomer  units.  In  this  case  since 
the  monomer  units  have  the  same  molecular  weight  and  the  densities 
of  the  polymers  differ  by  less  than  591,  it  is  unlikely  that  the 
concentration  dependence  of  x  is  due  to  this  cause.  It  is  likely  that 
the  concentration  dependence  of  x  is  due  to  the  different  environments 
which  occur  as  a  function  of  concentration,  xis  is  less  than  xas, 
reflecting  a  stronger  interaction  between  isotactic  and  syndio  segments. 

The  x*s  can  be  analyzed  using  the  copolymer  interaction  model  and 
these  interaction  parameters  will  be  compared  with  data  in 

the  literature. 

J6 . 6 

STRUCTURE  AND  DYNAMICS  OF  GLASSES  AND  LIQUIDS.  David  L.  Price. 
Materials  Science  Division,  Argome  National  Laboratory.  9700  South  Cass 
Avenue,  Argonne,  IL  60439. 

Neutron  diffraction  provides  information  about  the  instantaneous 
structure  of  a  disordered  material  Information  obtained  in  reciprocal 
spare  can  be  directly  informative,  e.g.,  as  regards  diffraction  peaks  at 
low  angles  which  can  reveal  intermediate-range  order  in  the  system. 
BAltematively,  the  diffraction  patterns  can  be  Fourier  transformed  to 
give  the  real-space  distribution  functions  which  contain  information 
about  short-range  order,  i.e.,  near-neighbor  bond  distances  and  angles. 
Inelastic  neutron  scattering  shows  how  these  structures  evolve  with 
time.  The  energy  dependence  of  this  scattering  gives  the  density  of 
states  of  vibrational  motions;  in  the  case  of  liquids,  the  quasielastic 
scattering  Is  related  to  diffusive  motions.  The  wave  vector-dependence 
of  the  scattering  gives  information  about  the  structural  entities 
associated  with  these  different  types  of  motion. 

J6 . 7 

CROSSOVER  IN  THE  VIBRATIONAL  DENSITY  Of  STATES  OF 
SILICA  AEROGELS  STUDIED  BY  HIGH-RESOLUTION 
NEUTRON  SPECTROSCOPY  H.  Conrad*.  R.  Schatzlcr,  Instiiut 
fur  Festkorperforschung  der  Jiilich,  West  Germany;  and  J. 
Fricke,  G.  Reichenauer,  Physikalisches  lnstitut  der 
U  n  i  vers  it  at  Wiirzburg,  Am  Hubland,  D-87600  Wurzburg, 
West  Germany. 

A  vibrational  density  of  states  analysis  of  neutrons 
inelastically  scattered  from  silica  aerogels  has  revealed  a 
crossover  from  a  Debye  law  to  a  different  power  law  at 
crossover  frequencies  uc0  depending  on  sample  density. 
Both  these  frequencies  and  the  spectral  exponents  are 
determined  for  three  base-catalysed  aerogels.  The 
resemblance  of  the  observed  behaviour  to  a  phonon- 
fracton  crossover  is  discussed.  The  effective  sound 
velocities  are  determined  from  the  ratio  of  total  elastic  to 
total  inelastic  scattering  and  are  in  good  agreement  with 
ultrasonic  data. 


vibrational  excitations  of  weakly  connected  solids. 

D  VV  Schaefer.  C.  J.  Brjnker,  and  C.  S.  Ashley,  Sandtti  National 
Laboratories.  Albuquerque,  NM  S7185,  and  D.  Richter  and  U  Farago. 
Institute  Laue-Langevin,  38042  Grenoble  Cedex,  France. 

Because  of  the  rich  chemistry  of  solution  prepared  silicate  glasses,  it  is 
possible  to  prepare  highly  porous  solid  materials  where  the  topology  of 
the  continuous  phase  is  controlled  by  tKe  r  recur.  .-.emistry.  Porosity 
can  range  from  bubble-like  pores  :  :,;g*:iy  dispersed  polymeric 

networks.  In  the  case  of  the  latter  materials,  these  are  ideal  materials  to 
search  for  the  existence  of  fracton  excitations.  These  excite. .ons 
represent  the  flopping  and  breathing  modes  of  the  weakly  connected 
network  structure  and  are  the  solid  state  analogers  of  the  kouse-Zintm 
modes  observed  in  polymers  in  solution. 

We  use  spin-echo  neutron  scattering  techniques  to  study  these  low 
energy  excitations  in  a  polymeric  aerogel,  the  material  which  we  believe 
would  show  the  highest  probability  of  network  modes.  We  observed 
intense  inelastic  scattering  in  the  uev  range  that  is  strongly  dependent,  on 
temperature.  These  modes  were  analyzed  in  the  incoherent 
approximations  using  the  Carpentar-Pelizzari  formulation  for  phonoh 
like  scattering  from  amorphous  systems. 

Assuming  fracton  excitations,  we  find  that  the  data  is  adequately 
characterized  by  assuming  a  fracton  dimension  of  1.5.  The  temperature 
dependence  of  the  excitations  follows  the  Debye-Walker  factor  as 
expected  for  phonon  like  excitations. 
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VIBRATIONAL  SPECTRA  FOR  HYDROGENATED  AMORPHOUS 
SEMICONDUCTORS.  W.  A.  Kami takahara .  R.  Biswas,  and 
A.  M.  Bouchard.  Ames  Laboratory  and  Microelectronics 
Research  Center,  Iowa  State  University,  Ames,  IA  50011; 
f.  Gompf  and  J.  B.  Suck.  Kernforschungszentrum  Karlsruhe. 

I f J F P ,  Postfach  364C,  D-7500  Karlsruhe,  Federal  Republic 
of  Germany. 

Hydrogen  vibration  spectra  have  been  measured  by 
time-of- fl ight  neutron  spectroscopy  for  several  amorphous 
semiconductors,  including  a-Ge:H  and  a-SiC:H.  The 
sputtered  samples  contain  about  10  at.  %  H.  The  results 
of  realistic  computer  simulations,  which  use  structural 
models  generated  by  molecular  dynamics,  will  be  presented 
for  comparison  with  the  a-Ge:H  spectrum,  as  well  as  with 
previously  obtained  data  on  a-Si:H.  The  primary  Si-H  and 
Ge-H  bond-bending  features  at  645  and  570  cm'1  have 
substantial  widths  that  arise  from  the  variable  local 
environments  of  the  H  atoms.  The  a-Ge;H  spectrum  shows 
unexpected  features  at  350  and  430  cm’1  which  are 
identified  by  the  simulations  as  dihydride  "rocking” 
modes,  in  which  two  H  atoms  bonded  to  the  same  Ge  atom 
make  in-phase  transverse  motions.  In  the  case  of 
a - S i C : H ,  features  at  650  and  950  cm’1  can  be  directly 
used  to  estimate  the  relative  numbers  of  H  atoms  bonded 
to  Si  and  C  atoms. 

The  Division  of  Materials  Sciences,  U.S.  Dept,  of  Energy 
(USD0E)  provided  support  for  work  at  the  Ames  Laboratory, 
which  is  operated  by  Iowa  State  University  for  the  USD0E 
under  contract  W- 7405 ■ Eng-82 .  Work  at  the 
Microelectronics  Research  Center  was  supported  by  the  Air 
Force  Office  of  Scientific  Research. 
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INELASTIC  NEUTRON  SCATTERING  STUDIES  OF  NONLINEAR  OPTICAL 
MATERIALS:  p-NITROANILINE  A0SCRBED  IN  ALP0-5.  Jacquel ine 

M.  Nicol,  University  of  Maryland/NIST,  Gaithersburg,  MD, 
Terrence  J.  Udovic  and  John  J.  Rush,  NIST,  Gaithersburg,  M0, 
and  Sherman  0.  Cox  and  Galen  0.  Stucky,  University  of 
California,  Santa  Barbara,  CA. 

The  adsorption  of  para-nitroanil ine  (p-NA)  into  the  channels 
of  the  molecular  sieve  ALP0-5  results  in  nonlinear  optical 
properties  of  the  system  that  are  very  different  from  those 
of  either  the  individual  guest  molecules  or  the  host 
molecular  sieve.  Inelastic  neutron  scattering  has  been  used 
to  .characterize  the  vibrational  spectroscopy  (below  2000 
cm"1)  of  p-NA  adsorbed  in  ALP0-5  at  both  3%  and  13%  weight 
loadings,  which  represent  the  onset  of  and  the  maximum  in 
the  nonlinear  optical  coefficient,  respectively.  In 
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addition,  the  spectra  of  pure  p-NA  and  AIP0-5  were  obtained 
for  comparison.  Spectra'i  differences  in  the  region  of  30  - 
60  meV  for  the  two  p-NA  loadings  are  interpreted  in  terms  of 
a  different  alignment  and  ordering  of  the  p-NA  molecules 
inside  tne  confines  of  the  ALPO-5  channels. 
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;  C-,  but  ir.  the  reritr.  above  tr.e  cxyger.  diffuses 

;..ote  --iictr.lv  .r.tc  the  lattice.  The  scattering 
distribution  ir.  the  1  iTC  1  plane  vas  measured  using  the 
-axis  spettt umeter  at  rL'JTC. 

Earlier  diffraction  results  cf  Willis'*  have  suggested  that 
the  excess  cxyger.  icr.s  formed  defect  clusters  of  the  3:2:2 
f— e ,  with  equal  numbers  cf  vacancies  :  interstitials  : 
relaxed  ior.s.  A  comparison  cf  the  present  diffuse 
scattering  data  with  calculated  intensity  distributions  anc 
with  data  from  other  pure'2'  ar.i  coped  fluorite  systems 
confirms  mat  the  defective  ions  form,  clusters  with  one  or 
two  interstitials,  probably  with  a  mere  extended  relaxation 
field  of  the  6:1:3  cr  6:2: 6  type.  The  formation  and 
tenterature  dependence  cf  this  clustering  have  been 
investigated ,  and  shew  that  when,  the  sample  is  ceded  the 
T  1-  eras.  reappears  with  cons icerab  le  hysteresis. 
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•K?  Ah: SDN  or  NKLThhK  ELASTIC  and  inelastic  scattering  from 
EJSLL  QUARTZ.  CAR-O-S.’L  AND  AEROGEL  John  H.  Hoot  and 
William  J  L  buyers.  Atomic  Energy  of  Canada  Ltd.,  Chalk 
Kiver.  Ontario:  John  H.  Page,  University  of  Manitoba, 

Winnipeg.  Manitoba;  Dale  W.  Schaefer  and  C.  J.  Brinker. 
Sand: a  National  Laboratories.  Albuquerque,  NK. 

Neutron  scattering  exjjor-iments  have  been  performed  to  study 
the  Structure  and  dynamics  of  three  preparations  of  silica: 
a  dense  glass  (fused  quartz),  a  flame -hydrolyzed  aggregate 
Cab-O-Si i , *  grade  MS)  and  a  polymeric  aerogel.  The 
experiments  were  performed  at  temperatures  300  K,  77  K  and 
4.2  K  on  the  three  materials.  Neutron  Inelasticscattering 
was  measured  at  Q  values  1.5,  2.5,  2.9  and  4.0  A 

The  elastic  scattering  Indicates  a  systematic  decrease  In 
psitlonal  correlations  on  progressing  from  fused  quartz 
through  Cab-0-Si 1  to  aerogel.  The  inelastic  scattering  was 
analyzed  with  the  Buchenau  model  (1)  to  obtain  the  sample 
and  temperature  dependences  of  the  density  of  states,  giv). 

At  frequencies  less  than  1.5  THz  g(p)  Is  proportional  to  a 
power  of  V  for  all  forms  of  silica  and  there  Is  no 
significant  temperature  dependence  of  the  exponent.  From 
data  measured  at  Q  a  2.5  A"1  the  exponents  for  fused 
quartz,  Cab-O-SU  and  aerogel  are  found  to  be  2.6  t  0.1, 

2  03  t  0.03  and  1.64  i  0.09  respectively.  These  cross 
through  the  Debye  value  of  2  and  are  all  higher  than  the 
value  1/3  conjectured  for  fractons.  In  the  aerogel  the 
exponent  drops  to  1.20  t  0.03  at  Q  *  1.5  A  and  gtv)  Is 
observed  to  vary  In  detail  for  each  Q  value  studied.  We 
conclude  that  the  Buchenau  analysis  Is  not  appropriate  for 
aerogel . 
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STUDY  OF  THERMAL  EXPANSION  OF  GRAPHITE  AND  KN0,-GIC  BY 
VEUTRON  DIFFRACTION:  Halm  Pinto,  Hordachal  Helamud.  and 

Hagai  Shale ed ,  Nuclear  Rea  Centre  -  Negev,  Beer-Sheva, Israel. 

The  teaperature  dependence  of  the  lattice  parameter  c  of 
pristine  graphite  and  of  HNO,-Graphita  Intercalation 
Compounds  (QIC)  stages  3  and34  are  studied  In  the  range  10 
to  300  K,  using  neutron  diffraction.  The  thermal  expansion 
of  the  KNO,  layers  is  extracted  froe  the  "difference” 
between  stage  3  and  stage  4  data.  Also  the  liquid- to-solid 
2D  phase  transition  of  the  layers  is  studied.  Three  samples 
were  used:  A  ssaple  of  pristine  graphite  in  the  fora  of  HOPO 
with  *3-5*  mosaic  spread,  a  sample  of  stage  3  and  a  sample 
of  stage  4  HNO.-OIC  which  were  prepared  from  the  same  batch 
of  pristine  graphite  [1,2].  Neutron  diffraction  (i  •  2.4  X) 
patterns  were  taken  on  the  KANDI  III  neutron  diffractometer 
at  the  IRR-2  reactor.  The  samples  were  cooled  from  300  K  to 
10  X  in  steps  of  -1  K  and  remained  *1  hr  at  each  teaperature 
step  ensuring  teaperature  stabilization  (<  t  0.2  K)  and 
equilibrizatlon.  The  temperature  dependence  of  the  lattice 
parameter  c  was  determined  from  the  teaperature  dependence 
of  the  Bragg  angles  of  (00 /}  reflections  with  4.  18,  33 
for  graphite,  stage  3.  stage  4,  respectively. 

The  lattice  parameter  versus  teaperature  curves  were  fitted 
to  fourth  degree  polynomials  up  to  25 0  K  (where  the  melting 
phase  transition  occurs).  The  dependence  of  the  thermal 
expansion  coefficients  on  temperature  was  obtained  by  taking 
the  logarithmic  derivatives  of  these  polynomials.  It  is 
found  that  the  thermal  expansion  coefficient  of  the  graphite 
layers  in  the  QIC  is  similar  to  that  for  pristine  graphite, 
whereas  the  coefficient  of  the  HNO^  layers  is  much  larger. 
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CHARACTERIZATION  OF  SOL-CLAY  COMPOSITES  BY 
SMALL-ANGLE  NEUTRON  SCATTERING.  Ahmad  Moi-U  and 
Thomas  J.  Pinnavaia,  Department  of  Chemistry  and 
Center  for  Fundamental  Materials  Research, 
Michigan  State  University,  East  Lansing,  MI 
4  8  B  2  4  ,*  and  P.  Thiyagara  jan  ,  IPNS  Division, 
Argonne  National  Laboratory,  Argonne,  IL  60439. 

A  series  of  silica  sol-clay  composites  were 
characterized  by  small-angle  neutron  scattering 
(SANS).  These  complex  materials  were  formed  by 
reacting  uniform  spherical  silica  sol  particles 
(<  100  k)  with  suspensions  of  the  2:1  layered 
silicate  Na'-montmorillonite  (<  2  u).  The 

resulting  composites  are  3-dimensional,  highly 
porous  networks  of  platelets  and  spheres.  SANS 
studies  on  the  pure  silica  sols  and  the  sol-clay 
suspensions  showed  an  increase  in  the  degree  of 
sol  dispersion  upon  interaction  with  clay.  The 
dispersion  was  also  found  to  be  highly  dependent 
on  the  pH  and  the  aging  time  of  the  suspensions. 
SANS  studies  on  hydrolyzed  sol-clay  powder 
samples  provided  insights  on  the  degree  of  clay 
stacking/aggregation,  as  well  as  on  the  size  and 
shape  of  the  silica  particles.  Several  clays  of 
different  particle  size  and  charge  density  were 
examined,  and  their  effects  on  the  formation  of 
sol-clay  composite  products  were  studied. 
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RLE  IRON  SCATTERING  STUDY  GF  LAYERED  SILICATES 
PTLLARED  WITH  ML* LT 1 M ETH Y LAMMOM 1  L’M  IONS.  D.  A. 
Neumann .  and  J.J.  Push,  National  Institute  cf 
Standards  and  Technology,  Gaithersburg,  MD  20899; 
J.M.  Hicol,  NIST  and  University  of  Maryland, 
College  Park,  MD  20742;  Y.B.  Fan,  H.  Kim,  S.A. 
Solin,  and  T.J.  Pinnavaia,  Michigan  State 
University,  E.  Lansing,  MI  43824;  N.  Kada, 
Colorado  School  of  Mines,  Golden,  CO  80401;  and 
S.F.  Trevino,  NIST  and  ARDEC,  Picatinny  Arsenal, 
NJ  07806. 

Montmoril Ionite  and  vermiculite  are  members  of  a 
naturally  occurring  class  of  expandable  layered 
silicates  widely  known  as  clays  in  which  the  two- 
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dimensional  oxyanions  are  separated  by  layers  of 
intercalated  cations.  Permanent  porosity  can  be 
induced  in  these  mine-als  by  exchanging  large 
cations,  such  as  tetramethylaimnonium,  for  the 
naturally  occurring  ions,  e.g.  Na.  The  resulting 
material  is  known  as  a  "pillared  clay"  and  the 
cations  which  prop  the  layers  apart  are  referred 
to  as  "pillars".  Here  we  present  an  incoherent, 
inelastic  neutron  scattering  study  of 

montmorillonite  pillared  with  tetramethylammonium 
ions  and  vermiculite  pillared  with 

trimethylammonium  ions.  These  spectra  yield 
information  on  the  pillar-host  interaction  and  on 
the  orientation  of  the  pillars  in  these  systems. 
In  addition,  we  will  present  elastic  scattering 
results  which  show  that  the  ion-exchange  in  these 
systems  is  not  complete,  a  fact  which  could  have 
practical  consequences  for  the  further  development 
of  pillared  clays  as  tailored  catalysts  and 
molecular  sieves. 
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CSSERVATIO*.  C'  MICELLAR  FORMATION  IN  THE  .CAVITY  OF  POROUS 
SILICA  GLASS.  Kenneth  Bradley,  Brown  University, 

“rovidence,  RI;  Sow-Hsin  Chen,  HIT,  Cambridge,  HA; 

Pappannan  Thiyagarajan,  Argonne  National  Laboratory, 

Arconne,  IL. 

Small  angse  neutron  scattering  has  beer,  used  to  charac¬ 
terize  tne  mi crostructure  of  porous  silica  glass  (Corning 
Glass,  Vycor  brand,  no.  7930),  Analysis  of  the  empty 
Vycor  data  adopts  the  scattering  formalism  developed 
by  Berk  which  uses  Cahn's  scheme  for  simulating  the  morph¬ 
ology  of  isotropic  spinodal  decomposition!  Micellar  for¬ 
mation  in  the  glass  pores  is  observed  by  contrast  matching 
the  silica  with  a  H^O/C^O  mixture.  In  the  case  of  cationic 
surfactants,  CTAB  aftd  PTAB,  no  micellar  formation  was 
observed  and  the  surfactant  molecule  merely  coats  the 
interior  surface  of  the  pore.  In  the  case  of  the  anionic 
surfactant,  SPS,  evidence  of  micellar  formation  is  ob¬ 
tained  from  observation  of  the  intermicellar  correlation 
peaks  wrich  arise  from  inter-  and  intra-cavity  micelle 
correlations. 

J7. 5 

ANALYSIS  OF  SANS  FROM  CONTROLLED  PORE  GLASSES.  N.  F. 
Berk.  C.  J.  Glinka,  W.  Haller,  and  L.  C.  Sander,  Natl. 
Institute  of  Standards  and  Technology,  Gaithersburg,  MD 
20399. 

Small  angle  neutron  scattering  measurements  have  been 
performed  on  several  samples  of  silica  controlled  pore 
glasses  with  pore  sizes  ranging  from  roughly  70  to  300A. 

The  scattering  intensity  is  strongly  peaked  at  small  Q 
and  shows  approximate  Porod  law  behavior  at  large  Q. 
Contrast  variation  measurements  have  shown  that  the  pore 
space  in  these  samples  is  entirely  interconnected  and 
thus  forms  a  bicontinuous  microstructure.  The  scattering 
data  have  been  analyzed  using  the  leveled  wave  method 
based  on  an  early  scheme  for  representing  two-phase 
microstructures  resulting  from  spinodal  decomposition. 

In  this  approach  interfaces  are  modeled  by  the  contours 
of  a  stochastic  standing  wave  composed  of  plane  wave 
components  propagating  in  random  directions  with  random 
phases  and  having  wave  numbers  distributed  according  to  a 
given  probabil .ty  density,  P(k).  We  have  determined 
model  P( k)  functions  by  fitting  the  SANS  data  with  the 
leveled  wave  scattering  function  and  then  used  these  to 
construct  leveled  wave  images  of  the  corresponding  porous 
structures.  The  average  pore  sizes  obtained  by  measuring 
chord  lengths  in  the  computer  models  turn  out  to  agree 
with  the  values  determined  for  these  glasses  by  mercury 
porosimetry. 
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CHARACTERIZATION  OF  CHEMICALLY  MODIFIED  PORE  SURFACES  BY 
SMALL  ANGLE  NEUTRON  SCATTERING.  C.  J.  Glinka.  L.  C. 
Sander,  N.  F.  Berk  and  W.  Haller,  Natl.  Institute  of 
Standards  and  Technology,  Gaithersburg,  MD  20899. 

Small  angle  neutron  scattering  has  been  used  to 
characterize  the  structure  of  linear  hydrocarbon  chains 
chemically  grafted  to  the  internal  pore  surfaces  of 
microporous  silica  particles.  The  aim  of  this  work  has 
been  to  relate  the  structure  of  the  bonded  adsorbate 
layers  in  these  particles  to  their  performance  in,  for 
example,  reverse  phase  liquid  chromatography.  By  filling 
the  remaining  pore  space  in  the  particles  with  a  solution 
that  matches  the  scattering  density  of  the  silica 
framework,  the  scattering  from  the  adsorbate  layers  is 
enhanced  and  provides  a  sensitive  probe  of  the  effective 
thickness,  uniformity  and  degree  of  solvent  penetration 
in  the  layers.  Results  will  be  presented  for  monomeric 
phases  of  alkyl  chains  ranging  from  C4  to  C30  bonded  to 
various  types  of  porous  silica. 
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rRECl'P.SCR  MOP.PHOLGGV  AND  KICROSTRUCTL’RE  EVOLUTION  IN 
PCRCL’S  SILICA  BY  SMALL  ANGLE  SCATTERING.  C  r.  Lonr . 
f> .  Krueger,  D.R.  Black,  and  J.P.  Cline,  National  Institute 
,>i  Standards  and  Technology  (formerly  NBS),  Ca : thersburg , 
R.A.  Gerhardt,  Rutgers  Univ.  .  Piscatavay.  NJ ;  and 
:  .R.  Jensian,  Northwestern  L’r.iv.  ,  Evanston,  IL. 

Porous  silica  was  studied  by  means  of  small  angle 
scattering  to  determine  the  microstructure  of  the 
precursor  bodies  as  a  function  of  the  chemistry  of  the 
starting  materials ,  and,  in  a  separate  experiment,  to 
follow  the  microstructure  evolution  as  a  function  of 
thermal  processing  (sintering)  during  the  intermediate  and 
final  stages.  The  morphology  of  the  precursor  bodies  was 
followed  as  a  function  of  the  ratio  of  colloidal  silica  to 
potassium  silicate  in  the  Shoup  processing.  For  10% 
colloidal  silica,  a  broad  size  distribution  was  found  for 
the  radii  of  the  silica  aggregates.  However,  a  narrower 
size  distribution  was  found  for  30%  colloidal  silica.  The 
results  show  that  the  largest  measurable  particle  radius 
goes  as  the  inverse  of  the  fraction  of  colloidal  silica. 

The  new  technique  of  multiple  small  angle  neutron 
scattering  (MS AN'S )  offers  the  possibility  of  investigating 
microstructure  in  the  size  regime  between  0.08  and  10  , 

which  is  the  relevant  microstructure  size  range  in 
ceramics.  Such  sizes  were  previously  inaccessible  without 
increasing  the  resolution  of  the  currently  available  SANS 
instruments.  This  study  indicated  that  dens  if ication 
during  the  intermediate  stages  of  sintering  of  porous 
silica  is  accompanied  by  pore  coarsening  to  radii 
>0.22  wm.  In  the  late  stages  of  sintering,  there  are  no 
detectable  pores  with  radii  >0.08  ym.  and  radii  of 
gyration  on  the  order  of  30  nra  were  measured  using 
conventional  SAN’S  methods. 
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SMALL  ANGLE  NEUTRON  SCATTERING  STUDY  OF 
CRITICAL  BINARY  FLUIDS  IN  POROUS  GLASSES. 
S.  B.  Dierker  and  P.  Wiltzius,  AT&T  Bell  Laboratories,  Murray 
Hill,  NJ. 

We  have  previously  found  that  for  binary  liquid  mixtures  of  2,6 
iutidine  and  water  imbibed  into  porous  VYCOR  glass,  tbe  phase 
behavior  as  well  as  the  temperature  dependence  of  composition 
fluctuations  exhibit  a  wealth  of  novel  features. 1  These  can  be 
understood  as  resulting  from  a  combination  of  finite  size  and 
random  field  effects.  Elastic  light  scattering  measurements  have 
provided  important  evidence  for  a  transition  from  complete  to 
partial  wetting  behavior.  *  However,  SANS  is  better  matched  to 
studying  the  short  length  scale  structure  of  the  fluid  mixture 
inside  tbe  porous  medium. 
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We  measured  with  SANS  the  static  structure  factor  S(q)  as  a 
function  of  temperature  and  composition.  By  choosing  appropriate 
mixtures  of  regular  and  heavy  water  we  adjusted  the  scattering 
length  densities  of  the  liquid  and  the  glass  to  be  equal  on  average. 
The  thus  determined  S(q)  of  the  liquid  changes  from  a  Lorentzian 
in  the  one  phase  region  to  a  Lorentzian  squared  at  the  random 
field  transition,  in  agreement  with  predictions  of  the  Random 
Field  king  Model.  Measurements  of  the  evolution  of  S(q)  and  of 
the  correlation  length  with  temperature  will  be  presented  and 
discussed. 

The  work  has  benefitted  from  the  use  of  facilities  at  the  Los 
Alamos  Neutron  Scattering  Center,  a  national  user  facility  funded 
as  such  by  the  DOE/Office  of  Basic  Energy  Sciences. 

1.  S.  B.  Dierker  and  P.  Wiltzius,  Pbys.  Rev.  Lett.  58 , 1865  (1987). 

2.  P.  Wiltzius,  S.  B.  Dierker,  and  B.  S.  Dennis,  Pbys.  Rev.  Lett.  62 

,  804  (1989).  ~ 

J7 .9 

SMALL  ANGLE  NEUTRON  SCATTERING  STUDY  OF  SOL- 
GEL  GLASSES.  P.  Wiltzius  and  S.  B.  Dierker,  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ. 

The  basic  steps  in  fabricating  sol-gel  glasses  involve  forming  a 
solution  of  material  that  undergoes  gelation  and  subsequent  drying 
of  the  gel.  These  porous  quartz  structures  have  morphologies 
which  are  strongly  dependent  on  preparation  conditions  and 
characterization  on  submicron  length  scales  is  of  great  importance. 
Electron  microscopy  on  these  insulating  materials  is  plagued  by 
charging  effects  and  radiation  damage.  Small  Angle  X-Ray 
Scattering  techniques  are  impaired  by  large  absorption,  which 
leaves  Small  Angle  Neutron  Scattering  (SANS)  as  a  valuable  tool. 
We  are  going  to  present  SANS  data  on  a  variety  of  sol-gel  glasses 
covering  two  decades  in  q-space  (30  A  ^  length  scales  ^  2000  A  ). 
The  results  indicate,  e.  g.,  that  fast  gelation  produces  a  clumpy 
glass,  where  the  building  blocks  of  the  network  are  80  -  100  A 
diameter  Si02  aggregates.  Slow  gelation  produces  a  smoother 
internal  surface,  which  is  random  down  to  the  smallest  length 
scales  probed.  Our  results  do  not  support  the  concept  that  the 
internal  surfaces  are  rough  and  have  fractal  geometry. 

The  work  has  benefitted  from  the  use  of  facilities  at  the  Los 
Alamos  Neutron  Scattering  Center,  a  national  user  facility  funded 
as  such  by  the  DOE/Office  of  Basic  Energy  Sciences. 

J7.10 

USE  OF  NEUTRON  DIFFRACTION  AND  RIETVIED  ANALYSIS  TO 
STUDY  THE  BEHAVIOR  OF  NEUTRON  IRRADIATED  URANIUM 
SILICIDES.*  R.  C.  Binchcr,  M.  H.  Mueller.  J.  W.  Richardson,  Jr.,  and 
J.  Faber,  Jr.,  Argonne  National  Laboratory,  Axgonnc,  IL  60439. 

Uranium  silicides  have  been  considered  as  potential  reactor  fuels  for  high 
flux  reactor  based  neutron  sources.  However,  U3S1  was  found  to  become 
amorphous  under  irradiation  and  to  become  mechanically  unstable  to  rapid 
growth  by  plastic  flow.  The  stability  of  U3S12  is  also  uncertain.  In  this 
experiment,  wc  are  following  in  detail  the  behavior  of  UySi,  U3S12  and 
precipitates  of  0'3Si2  in  U3S1  irradiated  with  fast  neutrons  at  room 
temperature.  The  specimens  contain  highly  depleted  Uranium.  Damage  is 
primarily  produced  by  fast  fission  and  spallation  of  the  Uranium  atoms,  and 
will  be  identical  to  that  produced  in  a  reactor.  Structural  changes  are 
monitored  by  power  neutron  diffraction  at  the  Intense  Pulsed  Neutron 
Source  at  Argonne  National  Laboratory.  The  data  is  analyzed  with  standard 
Rietvied  refinement  techniques.  Results  from  these  neutron  scattering 
measurements  are  being  correlated  with  the  results  of  in  situ  electron 
microscopy  study  of  ion  irradiations. 

The  irradiations  are  being  performed  in  small  steps  (<  3*10*8  U  bum  up)  in 
order  to  closely  follow  changes  in  the  crystal  structures.  We  have  detected  a 
broadening  and  shifting  of  Bragg  peaks’ in  both  irradiated  U3S1  and  U3S12. 
The  U3S1  was  also  found  to  contain  precipitates  of  U3S12  under  tensile 
sffain.  This  tensile  strain  is  being  relieved  by  the  irradiation.  Some  of  the 
U  atom  sites  in  U3SL  but  not  U 3 S i 2 (  have  very  anisotropic  Debye  Waller 
factors  which  increase  with  irradiation.  During  the  continuing  irradiation. 


we  will  look  for  chemical  disordering  and  elastic  softening  that  may  serve  as 
a  precursor  for  phase  changes  and  amoiphizarion. 

J7.ll 

HELIUM  DENSITIES  IN  BUBBLES  PRODUCED  IN 
IRRADIATED  NICKEL  MEASURED  BY  SMALL  ANGLE  NEUTRON 
SCATTERING. 

0.  Li1  ,  D_^  Schwahn .  H.  Schroeder,  W.  Kesternich, 
and  H.  Ullmaier 

IFF  -  KFA  Jiilich  GmbH,  5170  Julich,  FRG 
: HMI  Berlin  GmbH,  1000  Berlin  39,  West-Berlin 

The  density  of  He  in  bubbles  produced  in 
irradiated  Ni,  their  size  and  density  have  been 
determined  with  neutron  small  angle  scattering. 
We  have  used  nickel  specimens  implanted  with  He3 
and  He'*  thus  creating  different  scattering 
contrasts.  The  scattering  measurements  were 
performed  before  and  after  isochronal  anneals 
between  400  °C  and  900  °C.  After  the  400  °C 
treatment  only  displacement  damage  was  visible. 
At  higher  annealing  temperatures  (between  450  “c 
and  650  °C)  He  bubbles  were  formed;  however, 
there  exists  still  a  large  number  of  other 
defects.  Above  700  cC  the  defects  disappear,  and 
a  growth  of  bubbles  with  a  bimodal  size 
distribution  is  dominating.  The  size  of  the 
larger  and  smaller  bubbles  is  of  the  order  of 

100  X,  and  10  2  and  smaller,  respectively.  TEM 
studies  indicate  that  the  large  bubbles  appear 
around  grainboundaries  and  at  the  surface.  The 
smaller  ones  appear  in  the  bulk.  The 
experimentally  determined  gas  density  in  the 
large  bubbles  is  consistent  with  the  calculated 
equilibrium  *'alue. 

J7.12 

SURFACE  EVAPORATION  IN  A  POLYMER  MIXTURE  OF 
LONG  AND  SHORT  CHAIN'S.  Russell  J  Composto  and 
Richard  S.  Stein.  Polymer  Research  Institute.  University 
of  Massachusetts,  Amherst,  MA*;  G.  P.  Felcher,  A. 

Mansour  and  A.  Karim.  Argonne  National  Laboratory, 
Argonne, IL‘* 


Neutron  reflection  measurements  were  taken  on  a  thin 
(S00A)  layer  of  a  polymer  blend  deposited  on  a  silicon 
substrate.  The  blend  consisted  of  a  decterated 
polystyrene  of  low  molecular  weight  (720)  and  a 
protonated  polystyrene  of  high  molecular  weight 
(910,000)  ,  where  the  volume  fraction  of  d-PS  was  0.20. 
Our  objective  was  to  observe  surface  enrichment1  of  the 
short  chains  upon  annealing  this  mixture  of  extremely 
different  molecular  weights  above  the  glass  transition 
temperature.  Instead,  when  annealed  at  180°C,  the 
sample  gradually  lost  the  lighter(deuterated) 
component  without  any  appreciable  excess  at  the 
surface.  This  surprising  result  spurred  a  systematic 
program,  where  the  surface  evaporation  for  melts  was 
tested  as  a  function  of  the  weight  of  the  lighter 
component  as  well  as  the  annealing  temperature. 
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J7.13 


rRANSESTERIFICATlON  KINETICS  OF  A  MAIN  CHAIN 
AROMATIC  POLYESTER.  W.  A.  MacDonald,  IC1  Advanced 
Materials,  Wilton,  UK;  O.  McLean;  AO.W.  McLenaghan;  and 
R.W.  Richards.  Dept.  Pure  and  Applied  Chemistry,  University  of 

Strathclyde,  Glasgow  Cl  1XL,  UK 

Main  chain  liquid  crystal  polymers  (MCLCP's)  are  of  interest  due  to 
possibility  of  improved  strength,  compared  to  conventional  polymers, 
due  to  their  ability  to  form  highly  oriented  extended  chain 

structures.  Much  experimental  work  has  been  reported  on  the 
organisation  of  large  scale  structures  in  these  materials.  We  are 
concerned  here  with  a  molecular  aspect  of  MCLCP's  which  may  be 
relevant  to  their  use  in  polymers  and  blends. 

At  high  temperatures  main  chain  aromatic  polyesters  undergo 
transesterification  wherein  ester  linkages  break  and  reform. 
Recombination  occurs  randomly  sod  leads  to  scrambling  of  the 

chemical  sequence  In  the  molecule.  Using  small  angle  neutron 
scattering  (SANS),  we  have  investigated  the  kinetics  and  energetics  of 
this  process.  In  brief,  blends  of  de  uteri  ted  and  hydrogenous 
aromatic  polyester  were  uncalled  for  known  times  at  selected 
temperatures.  The  SANS  data  for  the  quenched  specimens  was 

analysed  following  the  suggestion  of  Benoit  et  al  which  provided  rate 
constants  and  the  average  number  of  reactions  per  molecule  for  the 
transesterification  process.  The  activation  energy  obtained  Is  71 

kJmor*'.  polyethylene  lercphthalaie  has  an  activation  energy  of  1S2 
kJtnol-'. 


J7.14 

SANS  STUDY  OF  CAPILLARY  CONDENSATION  IN  POROUS 
MEDIA.  M.Y.  LIN.  National  Institute  of  Standards  and  Technology, 
React  A 106,  Gaithersburg,  MD  20889  and  Department  of  Physics, 
Princeton  University,  Princeton,  NJ  08544,  S.K.  SINHA  J.S 
HUANG,  B  ABELES  AND  J.M.  DRAKE,  Exxon  Research  and 
Engineering  Co.,  Rt.  22  E,  Annandale,  NJ  08801. 

With  small  angle  neutron  scattering  (SANS)  we  study  the  capillary 
condensation  of  fluids  in  porous  media.  We  use  Vycor  glasses  with  a 
porosity  of  -  0.31.  By  choosing  an  appropriate  mixture  of  Hexane 
and  d-  uterated  Hexane,  the  scattering  length  density  of  the  mixture 
is  adjusted  to  be  equal  to  that  of  Vycor  in  average  The 
condensation  is  controlled  by  changing  the  vapor  pressure  of  the 
mixture  in  Vycor.  As  the  fluids  condenses  on  the  Vycor  surface,  we 
use  SANS  to  determine  the  change  in  effective  porosity,  surface 
roughness  and  internal  surface  area  as  a  function  of  vapor  pressure  p 
(0  <  p  <  p0  where  pc  is  the  saturated  vapor  pressure).  In  addition, 

results  from  other  independent  measurements  of  the  same  system, 
eg.,  isotherm  measurements,  will  also  be  discussed  and  compared 
with  the  SANS  data. 
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SESSION  K3 :  OVERVIEW 

Chairs:  Donald  E.  Barr  and  C.  A.  Neugebauer 
Monday  Morning,  November  27 
Provincetown/Or leans  (M) 

8:30  *K1 . 1 

FUTURE  PACKAGING  DIRECTIONS  IN  THE  1990's 
AND  THEIR  MATERIALS  CHALLENGES,  Dean  E. 
Eastman .  IBM  T.J.  Watson  Research  Center, 
Logic,  Memory  AND  Packaging,  Yorktown 
Heights,  NY. 

9:15  *K1 . 2 

MATERIAL  DEVELOPMENT  CHALLENGES  IN  HIGH- 
DENSITY  PACKAGING  OF  ADVANCED  VLSI  MEMORY 
DEVICES,  Steven  D.  Prouah .  Intel  Corpora¬ 
tion,  Components  Technology  Development 
Group.  Plastic  Package  Engineering,  Chand¬ 
ler,  AZ. 

10:00  *K1 .3 

MATERIALS,  MECHANICAL  AND  THERMAL  CONSIDERA¬ 
TIONS  OF  HIGH  DENSITY  MULTI-CHIP  ELECTRONIC 
PACKAGES,  J.P.  Krusius.  Cornell  University, 
School  of  Electrical  Engineering,  Ithaca, 

NY. 

10:45  BREAK 
11:00  *K1 . 4 

POLYIMIDE-CERAMIC  SUBSTRATE  FOR  SUPERCOM¬ 
PUTER  PACKAGING,  K.  Kimbara .  A.  Dohya,  T. 
Watari,  NEC  Corporation,  Computer  Engineer¬ 
ing  Division,  Tokyo,  Japan. 

11:30  *K1 . 5 

GLASS-CERAMICS  FOR  MICROELECTRONIC  PACKAG¬ 
ING,  John  F.  MacDowell  and  George  H.  Beall, 
Corning  Incorporated,  Research  Department, 
Corning,  NY. 

SESSION  K2; _ OPTOELECTRONICS 

Chairs:  Carolyn  A.  Paddock  and 

John  J.  Ritsko 

Monday  Afternoon,  November  27 
Provincetown/Orleans  (M) 

1:30  ±£2.,l 

OPTICAL  INTERCONNECT  TECHNOLOGY  FOR  MULTI¬ 
PROCESSOR  NETWORKS,  John  D.  Crow.  IBM  T.J. 
Watson  Research  Center,  Yorktown  Heights, 
NY. 


♦Invited  Paper 

Short  Courses  P-15,  "Ohmic  Contacts  to 
Compound  Semiconductors,"  and  F-04,  "Micro¬ 
electronic  Packaging:  Materials,  Processing, 
and  Reliability,"  may  be  of  interest  to 
symposium  attendees.  Details  regarding 
course  dates  and  instructors  are  provided  in 
the  short  course  section  of  this  program. 


2:15  *K? , 2 

FEMTOSECOND  TIME  DOMAIN  TECHNIQUES  FOR 
CHARACTERIZATION  OF  LINEAR  AND  NONLINEAR 
OPTICAL  PROPERTIES  IN  GaAs  WAVEGUIDES,  K.K. 
Anderson,  M.J.  LaGasse,  H. A.  Haus,  and  J.G. 
Fuiimoto .  Massachusetts  Institute  of  Tech¬ 
nology,  Department  of  Electrical  Engineering 
and  Computer  Science,  and  Research  Labora¬ 
tory  of  Electronics,  Cambridge,  MA. 

2:45  *K2 . 3 

OPTICAL  WAVEGUIDES  IN  THE  COMPUTER  ENVIRON¬ 
MENT,  Modest  M.  Qprvsko.  IBM  T.J.  Watson 
Research  Center,  Yorktown  Heights,  NY. 

3:15  BREAK 

3:30  *K2 . 4 

INTEGRATED  OPTICAL  DEVICES  IN  SEMICONDUCTOR 
MATERIALS,  Thomas  L.  Koch.  AT&T  Bell  Labora¬ 
tories,  Holmdel,  NJ. 

4:00  ?jC2,.5 

OPTICAL  INTERCONNECT  SWITCH,  Paul  R. 
Prucnal .  Princeton  University,  Department  of 
Electrical  Engineering,  Princeton,  NJ. 

4:30  *K2 ■ 6 

GLASS  SEALING  OF  OPTICAL  FIBERS,  Kathleen  S. 
Abbott .  E.I.  duPont  de  Nemours  &  Co.,  Inc., 
Engineering  Development  Laboratory,  Wilming¬ 
ton,  DE. 

SESSION  K3  : _ POLYMERS 

Chair:  Paul  S.  Ho 

Tuesday  Morning,  November  28 
Provincetown/Orleans  (M) 

8:30  *K3 . 1 

PHOTOSENSITIVE  POLYIMIDES,  Hiroo  Hiramoto. 
Toray  Industries,  Inc.,  Electronic  and 
Imaging  Materials  Research  Laboratories, 
Shiga,  Japan. 

9:00  *K3 . 2 

STRUCTURE  AND  PROPERTIES  OF  LIQUID  CRYSTAL 
POLYMERS,  Samuel  I.  Stupp.  University  of 
Illinois  at  Urbana-Champaign,  Department  of 
Materials  Science  &  Engineering  Urbana,  IL. 

9:30  K3.3 

NEW  PHOTOSENSITIVE  POLYIMIDE  ( SIM2000XL-RTS ) 
FOR  PACKAGING  APPLICATIONS,  H.S.  Kwok,  State 
University  of  New  York  at  Buffalo,  Institute 
on  Superconductivity,  Amherst,  NY;  S.  Jeno. 
M.  Xu,  P.L.  Liu,  State  University  of  New 
York  at  Buffalo,  Department  of  Electrical 
and  Computer  Engineering,  Amherst,  NY;  C.J. 
Lee,  Occidental  Chemical  Corporation,  Tech¬ 
nology  Center,  Grand  Island,  NY. 

9:45  K3.4 

ENVIRONMENTALLY  STABLE  POLYMERS  FOR  ELECTRO¬ 
NIC  PACKAGING  FROM  SOLUBLE  INTERMEDIATES, 
C.K.  Ober.  T.  Mates,  and  H.  Martin,  Cornell 
University,  Department  of  Materials  Science 
and  Engineering,  Ithaca,  NY. 
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10:00  K3.5 

THE  PREPARATION  AND  PROPERTIES  OF  A  NEW 
FAMILY  OF  AMORPHOUS  FLUOROPOLYMERS :  TEFLON 
AF,  Paul  R.  Resnick.  E.  I.  duPont  de  Nemours 
&  Co.,  Inc.,  Polymer  Products  Department, 
Wilmington,  DE. 

10:15  BREAK 

10:30  K3.6 

INELASTIC  DEFORMATION  AND  FRACTURE  OF  POLY¬ 
MER  COMPOSITES,  D.M.  Shinozaki .  University 
of  Western  Ontario,  Department  of  Materials 
Engineering,  London,  Canada. 

11:00  K3.7 

SOLVENT  DIFFUSION  IN  SELECTED  POLYIMIDE 
FILMS,  W.P.  Pawlowski.  M.I.  Jacobson,  M.E. 
Teixeira  and  K.G.  Sakorafos,  IBM  Corpora¬ 
tion,  Systems  Technology  Division,  Endicott, 
NY . 

11:15  K3.8 

SOLVENT-INDUCED  DAMAGE  IN  POLYIMIDE  THIN 
FILMS,  Mu-San  Hu.  University  of  California, 
Santa  Barbara,  Materials  Department,  Santa 
Barbara,  CA. 

11:30  K3.9 

DELAMINATION  OF  METAL-POLYMER  INTERFACES 
WITH  SMALL  GEOMETRIES,  Shih-liang  Chiu.  Y.H. 
Jeng,  Raul  E.  Acosta  and  Paul  S.  Ho,  IBM 
T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY. 

11:45  K3.10 

ORGANIC  DIE  COAT  MATERIALS  FOR  PLASTIC 
PACKAGES,  R.  Padmanabhan .  Motorola,  Final 
Manufacturing  Research  and  Development, 
Physical  Electronics  and  Packaging  Labora¬ 
tory,  Phoenix,  AZ. 

SESSION  M; _ COMPOSITES 

Chairs:  Edward  A.  Giess  and  C.  A.  Steidell 

Tuesday  Afternoon,  November  28 
Provincetown/Orleans  (M) 

1:30  *K4.1 

CERAMIC/POLYMER  NANOCOMPOSITE  PROPERTIES  FOR 
MICROELECTRONIC  PACKAGING,  Robert  E. 
Newnham .  A.  Das,  T.T.  Srinivasan,  Pennsyl¬ 
vania  State  University,  Materials  Research 
Laboratory,  University  Park,  PA. 

2:00  *K4.2 

CHARACTERIZATION  OF  DIELECTRICS  OVER  BROAD 
ELECTRICAL  BANDWIDTHS,  G.  Ariavalinaam .  Y. 
Pastol,  J.-M.  Halbout  and  G.V.  Kopcsay,  IBM 
T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY. 


2:30  K4.3 

A  NEW  MULTILAYERED  MATERIAL  WITH  LOW  DIELEC¬ 
TRIC  PERMITTIVITY  BASED  ON  INTERCALATION 
PROPERTIES  OF  LAYERED  COMPOUNDS,  Vivek 
Mehrotra  and  Emmanuel  P.  Giannelis,  Cornell 
University,  Department  of  Materials  Science 
and  Engineering,  Ithaca,  NY. 

2:45  K4 ■ 4 

CERAMIC  FIBER  COMPOSITES  FOR  ELECTRONIC 
PACKAGING:  THERMAL  TRANSPORT  PROPERTIES, 

Honomei  Zhang,  and  David  G.  Onn,  University 
of  Delaware,  Applied  Thermal  Physics  Labora¬ 
tory,  Department  of  Physics  AND  Astronomy, 
Newark,  DE;  and  John  Bolt,  E.I.  duPont  de 
Nemours  and  Company,  Experimental  Station, 
Wilmington,  DE. 

3:00  K4.5 

PREPARATION  OF  A1203-C0ATED  METAL  SUBSTRATE 
FOR  HIGH  DENSITY  ELECTRONIC  ASSEMBLY,  JL*. 
Nakada .  M.  Ono  and  S.  Kosuge,  NKK  Corpora¬ 
tion,  Steel  Research  Center,  Kawasaki, 
Japan . 

3:15  K4.6 

METAL  MATRIX  COMPOSITE  MATERIALS  FOR  ELECRO- 
NIC  PACKAGING,  M.N.  Gungor .  Westinghouse 
Science  and  Technology  Center,  Pittsburgh, 
PA;  and  J.D.  Gardner,  Westinghouse  Electro¬ 
nics  Systems  Group,  Baltimore,  MD. 

3:30  BREAK 

3:45  *K4 . 7 

ADHESION,  REACTION  AND  STABILITY  OF 
METAL/POLYMER  INTERFACES,  J.  Kim.  S.P. 
Kowalczyk,  IBM  T.J.  Watson  Research  Center, 
Yorktown  Heights,  NY;  Y.H.  Kim,  IBM  T.J. 
Watson  Research  Center,  Yorktown  Heights,  NY 
and  KAIST ,  Chung-Ryang,  Seoul,  Korea;  T.S. 
Oh  and  G.F.  Walker,  IBM  T.J.  Watson  Research 
Center,  Yorktown  Heights,  NY. 

4:15  K-4.,8 

X-RAY  DIFFRACTION  STUDIES  OF  THE  DELAMINA¬ 
TION  OF  COPPER  THIN  FILMS  FROM  GLASS  AND 
SILICA  SUBSTRATES,  Alan  G.  Fox.  Naval  Post¬ 
graduate  School,  Department  of  Mechanical 
Engineering,  Monterey,  CA;  and  Rowland  M. 
Cannon,  University  of  California,  Lawrence 
Berkeley  Laboratory,  Center  for  Advanced 
Materials,  Berkeley,  CA. 

4:30  K.4.,  9 

THE  EFFECT  OF  N2  ADDITION  ON  SPUTTERED 
TITANIUM  BORIDE  FILMS,  N.C.  Saha  and  R.K. 
Sharma .  Motorola  Inc.,  Phoenix,  AZ. 
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4:45  K4 .10 

RBS  ANALYSIS  OF  PHOSPHOR  PACKAGES  FOR  LASER- 
HEAT  TL  DOSIMETRY,  Stanley  H.  Stern.  Jack  L. 
Price,  Naval  Surface  Warfare  Center,  White 
Oak  Laboratory,  Nuclear  Branch,  Silver 
Spring,  MD,*  Donald  G.  Simons,  Naval  Surface 
Warfare  Center,  White  Oak  Laboratory,  Nu¬ 
clear  Branch,  Silver  Spring,  MD  and  Catholic 
University  of  America,  Physics  Department, 
Washington,  DC?  David  J.  Land  and  Veerendra 
K.  Mathur,  Naval  Surface  Warfare  Center, 
White  Oak  Laboratory,  Nuclear  Branch,  Silver 
Spring,  MD. 

SESSION  K5l _ POSTER  SESSION 

ADVANCED  PACKAGING  MATERIALS 
Chair:  A.  Barfknecht 
Tuesday  Evening,  November  28 
7:00  p.m.  -  10:00  p.m. 

America  Ballroom  (W) 

K5.1  DIELECTRIC  PROPERTIES  OF  SINTERED 

AIN,  R.D.  Harris.  R.C.  Enck  and  J.L.  Fields, 
BP  Research,  Cleveland,  OH. 

K5.2  TIME-RESOLVED  LUMINESCENCE  OF 

OXYGEN-RELATED  DEFECTS  IN  ALUMINUM  NITRIDE, 
J.H.  Harris  and  R.A.  Youngman,  BP  Research, 
Cleveland,  OH. 

K5.3  A  TECHNIQUE  FOR  BRAZING  ALUMINUM 

NITRIDE  SUBSTRATES,  M.  Grant  Norton.  Cornell 
University,  Department  of  Materials  Science 
and  Engineering,  Ithaca,  NY;  Jacek  M.  Kajda, 
Brian  C.H.  Steele,  Imperial  College  of 
Science,  Technology  and  Medicine,  Department 
of  Materials,  London,  United  Kingdom. 

K5.4  THE  MICROSTRUCTURE  AND  MICROCHEMIS¬ 

TRY  OF  TUNGSTEN  AND  TUNGSTEN  CON  OUND  REAC¬ 
TIONS  WITH  ALUMINUM  NITRIDE,  A^  Stair  D. 
Westwood  and  Michael  R.  Notis,  Lehigh  Uni¬ 
versity,  Whitaker  Lab  #5,  Department  of 
Materials  Science  and  Engineering,  Beth¬ 
lehem,  PA. 

K5.5  LOW  TEMPERATURE  SILVER-GLASS  DIE 

ATTACH  MATERIAL,  Mark  Blocker  and  My _ IL, 

Nauven.  Johnson  Matthey  Electronics,  San 
Diego,  CA. 

K5.6  FAST  FIRING  OF  A  LOW  TEMPERATURE 

DIELECTRIC  BASED  ON  LEAD  MAGNESIUM  TUNGSTEN 
ZIRCONATE  TITANATE,  S.  Mansfield,  A.M. 
Barus,  S.M.  Lanciin,  and  J.A.T.  Tavlor. 
Alfred  University,  New  York  State  College  of 
Ceramics,  Department  of  Ceramic  Engineering, 
Alfred,  NY. 

K5.7  DENDRITIC  FORMATION  AND  GROWTH  OF 

Si  IN  THE  Cu3Si  MATRIX  INDUCED  BY  ION  IR¬ 
RADIATION  AND  THERMAL  ANNEALING,  Jian  Li.  S. 
Russell,  and  J.W.  Mayer,  Cornell  University, 
Department  of  Materials  and  Engineering, 
Ithaca ,  NY . 


K5.8  OXIDATION  OF  PB-SN  AND  PB-SN-X 

ALLOYS:  BULK  VS.  GRAIN  BOUNDARY  REGIONS, 

n.A.  Sluzewski.  Y.A.  Chang,  University  of 
Wisconsin,  Madison,  Department  of  Materials 
Science  and  Engineering,  Madison,  WI ;  and 
V.C.  Marcotte,  IBM  General  Technology  Divi¬ 
sion,  East  Fishkill  Facility,  Hopewell 
Junction,  NY. 

K5.9  NEW  TYPE  POLYIMIDE  FOR  MULTI  CHIPS 

MODULE  APPLICATION,  Hidetaka  Satou.  and 
Daiske  Makino,  Hitachi  Chemical  Company 
Ltd.,  Yamazaki  Works;  and  Toru  Kikuchi,  and 
Takayuki  Saito,  Hitachi  Chemical  Company 
Ltd.,  Ibaraki  Research  Laboratory,  Ibaraki, 
Japan. 

K5.10  COMPLEXITIES  OF  COPPER  THICK  FILM 
PROCESSING  FOR  MULTI-LAYER  MICROCIRCUITS, 
Ronald  P.  Aniard.  CPT,  Oceanside,  CA. 

K5.ll  INFLUENCE  OF  FIRING  GAS  PRESSURE  ON 
THE  MICROSTRUCTURE  AND  THERMAL  CONDUCTIVITY 
OF  AIN  CERAMICS,  E.  Udagawa ,  Fujistu  Labora¬ 
tories  Ltd.,  Inorganic  Materials  Laboratory, 
Kanagawa,  Japan?  H.  Makihara,  N.  Kamehara 
and  K.  Niwa,  Fujitsu  Laboratories  Ltd., 
Atsugi,  Japan. 

K5.12  ION  EXCHANGE  REACTION  IN  A  THIN 
FILM  OF  POLYIMIDE,  Yoshiro  Akaoi .  Mariko 
Ishino,  Yasunari  Okaoto,  Hiroshi  Taniguchi, 
Kohji  Ooka  and  Yoshiharu  Nakajima,  Sharp 
Corporation,  Corporate  Research  and  Develop¬ 
ment  Group,  Nara,  Japan. 

SESSION  K6 : _ ALUMINUM  NITRIDE 

Chair:  John  c.  Hurt 

Wednesday  Morning,  November  29 
Provincetown/Or leans  (M) 

8:45  *KS , 1 

ALUMINUM  NITRIDE:  A  REVIEW  OF  THE  KNOWLEDGE 
BASE  FOR  PHYSICAL  PROPERTY  DEVELOPMENT,  G,R. 
Miller.  The  Carborundum  Company,  Phoenix, 
AZ. 

9:15  K6.2 

TEMPERATURE  DEPENDENCE  OF  THE  THERMAL  CON¬ 
DUCTIVITY  OF  ALUMINUM  NITRIDE  SUBSTRATES: 
MEASURING  AND  MODELLING  EFFECTS  OF  MICRO¬ 
STRUCTURE  AND  IMPURITIES,  Ralph  B.  Dinwiddie 
and  David  G.  Onn,  University  of  Delaware, 
Applied  Thermal  Physics  Laboratory,  Depart¬ 
ment  of  Physics  and  Astronomy,  Newark,  DE. 

9:30  K6.3 

TEMPERATURE  DEPENDENCE  OF  THERMAL  CONDUC¬ 
TIVITY  OF  ELECTRONIC  CERAMICS  BY  AN  IMPROVED 
FLASH  DIFFUSIVITY  TECHNIQUE,  R.C.  Enc1'.  and 
R.D.  Harris,  BP  Research,  Cleveland,  OH. 
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9:45  Kfr,4 

STRUCTURE  AND  PROPERTIES  OF  C-AXIS  ORIENTED 
AIN  FILMS  REACTIVELY  DEPOSITED  BY  DC  PLANAR 
MAGNETRON  SPUTTERING,  T.  Takahashi  .  Toyama 
University,  Electrical  Engineering  Depart¬ 
ment,  Toyama,  Japan;  Fumio  Takeda ,  Toyama 
Technical  College,  Electrical  Engineering 
Department,  Toyama,  Japan;  Masahiko  Naoe, 
Tokyo  Institute  of  Technology,  Physical 
Electronics  Department,  Tokyo,  Japan. 

10:00  K6 . 5 

ON  THE  STRUCTURE  OF  PLANAR  DEFECTS  IN  ALN, 
Stuart  McKernan  and  C.  Barry  Carter,  Cornell 
University,  Department  of  Materials  Science 
and  Engineering,  Ithaca,  NY. 

10:15  BREAK 

10:45  K6.6 

PLANAR  AND  CURVED  DEFECTS  IN  ALUMINUM  NI¬ 
TRIDE:  THEIR  MICROSTRUCTURE  AND  MICROCHEMI¬ 

STRY,  Alistair  D.  Westwood,  and  Michael  R. 
Notis,  Lehigh  University,  Department  of 
Materials  Science  and  Engineering,  Whitaker 
Lab  #5,  Bethlehem,  PA. 

11:00  K6.7 

INVERSION  DOMAIN  BOUNDARIES  AND  OXYGEN 

ACCOMMODATION  IN  ALUMINUM  NITRIDE,  R.  A. 
Younaman  .  J.H.  Harris,  BP  Research, 
Cleveland,  OH;  P.A.  Labun  and  R.J.  Graham, 
Ari2ona  State  University,  Center  for  Solid 
State  Science,  Tempe,  Az. 

11:15  K6._S 

THE  LOAD  DEPENDENCE  OF  Ti/Al203  AND  Ti/AIN 
INTERFACIAL  CRACK  PROPAGATION,  Tao  Liu . 
Michael  R.  Notis  and  Y.T.  Chou,  Lehigh 

University,  Whitaker  Lab  #5,  Department  of 
Materials  Science  and  Engineering,  Beth¬ 
lehem,  PA. 

11:30  K6.9 

THICK  FILM  METALLIZATION  OF  ALUMINUM  NI¬ 
TRIDE,  M.  Grant  Norton.  Cornell  University, 
Department  of  Materials  Science  and  En¬ 
gineering,  Ithaca,  NY;  Brian  C.H.  Steele, 

Imperial  College  of  Science,  Technology  and 
Medicine,  Department  of  Materials,  London, 

United  Kingdom. 

SESSION  K7; _ METALLIZATION  ANP 

INTERCONNECTS 

Chairs:  Caroline  A.  Kovac 
Wednesday  Afternoon,  November  29 
Provincetown/Orleans  (M) 

1:30  »K7,.I 

ELECTROLESS  METAL  DEPOSITION  -  CHALLENGES  & 
OPPORTUNITIES,  Mahadevaiver  Krishnan.  and  R. 
Jagannathan,  IBM  T.J.  Watson  Research  Cen¬ 
ter,  Yorktown  Heights,  NY. 


2:00  K7.2 

ELECTROLESS  PLATING  OF  COPPER  INTERCONNEC¬ 
TIONS  ON  ION  BEAM  CATALYZED  POLYIMIDE,  T\ 
Flottmann .  Akzo  Research  Laboratories, 
Department  ARLO-C/NM,  Obernburg,  West  Ger¬ 
many;  A.  Tulke,  Akzo  Research  Laboratories, 
Department  ARLO-PA,  Obernburg,  West  Germany; 
E.  Esper,  Akzo  Research  Laboratories,  De¬ 
partment  ARLO-C/NM,  Obernburg,  West  Germany; 
W.  Lohmann,  Akzo  Research  Laboratories, 
Department  ARLO-PA,  Obernburg,  West  Germany. 

2:15  K7.3 

REAL-TIME  INVESTIGATION  OF  SOLID  AND  LIQUID 
STATE  REACTIONS  IN  AU-SN/CU  SYSTEM,  Sevona 
Oh .  Igor  Y.  Khandros,  IBM  T.J.  Watson  Re¬ 
search  Center,  Yorktown  Heights,  NY;  and 
Janet  L.  Poetzinger,  IBM  GTD,  Hopewell 
Junction,  NY. 

2:30  K7.4 

OXIDATION  KINETICS  OF  (Pb.In)  SINGLE-PHASE 
ALLOYS,  M.-X.  Zhang.  Y.A.  Chang,  University 
of  Wisconsin,  Madison,  Department  of  Mate¬ 
rials  Science  and  Engineering,  Madison,  WI ; 
and  V.C.  Marcotte,  IBM  General  Technology 
Division,  East  Fishkill  Facility,  Hopewell 
Junction,  NY. 

2:45  KU5: 

PHASE  STABILITY  AND  MECHANICAL  BEHAVIOR  OF 
TERNARY  BISMUTH-LEAD-TIN  SOLDERS,  W. J. 
Wheal on .  D.S.  Stone,  Y.A.  Chang,  University 
of  Wisconsin,  Madison,  Department  of  Mate¬ 
rials  Science  and  Engineering,  Madison,  WI . 

3:00  BREAK 

3:30  K7.6 

CONTACT  REACTIONS  AT  THIN  FILM  ALUMINUM- 
TRANSITION  METAL  INTERFACES,  Bernd 
Schuhmacher  and  Uwe  Koster .  University  of 
Dortmund,  Department  of  Chemical  Engineer¬ 
ing,  Dortmund,  West  Germany. 

3:45  K7.7 

RESIDUAL  STRESSES  IN  FILAMENT-EVAPORATED 
ALUMINUM  FILMS  ON  SINGLE  CRYSTAL  SILICON 
WAFERS,  Hai  Woong  Park  and  Steven  Danvluk. 
University  of  Illinois  at  Chicago,  Depart¬ 
ment  of  Civil  Engineering,  Mechanics,  and 
Metallurgy,  Chicago,  IL. 

4:00  K7.8 

ELECTROMIGRATION  IN  THIN  FILMS  OF  Au  ON 
GaAs,  P.F.  Tana.  A.G.  Milnes,  Carnegie 
Mellon  University,  Department  of  Electrical 
and  Computer  Engineering,  Pittsburgh,  PA; 
C.L.  Bauer,  and  S.  Mahajan,  Carnegie  Mellon 
Univ. ,  Department  of  Metallurgical  Engineer¬ 
ing  and  Materials  Science,  Pittsburgh,  PA. 

4:15  K7 . 9  INTERDIFFUSION  OF  Cu/Co, 
CO/AU  AND  Cu/Co/Au  THIN  FILMS,  P.  Madakson 
and  J.  Liu,  IBM  T.J.  Watson  Research  Center, 
Yorktown  Heights,  NY. 
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Kl.l 


FUTURE  PACKAGING  DIRECTIONS 
TIIEIR  MATERIALS  CHALLENGES 


IN  THE  1 990's  AND 


P.C.a"  T  .  Eu/Stman‘n^ Vice-President,  Logic,  Memory  &  Packaging, 
IBM,  T.J.  Watson  Research  Center,  Vorktown  Heights,  NY  10598 


As  we  enter  the  1990  s,  Si  1C  technology  continues  to 
rapidly  advance  from  VLSI  towards  ULSI,  e.g.,  to  the  64 
Mb  DRAM  chip  and  beyond.  With  these  Si  advances  in 
density,  performance  and  cost  reduction,  packaging 
technology  will  also  have  to  rapidly  advance  to  meet 
packaged  electronics  systems  requirements,  ranging  from 
supercomputers,  mainframes,  and  workstations  to  consumer 
electronics.  Metals,  polymers  and  ceramics  will  be  used  in 
increasingly  more  dense  and  complex  package  structures 
to  support  ULSI  interconnection,  cooling,  reliability  and 
physical  support  functions.  New  and  improved  materials 
synthesis,  characterization,  and  especially  processing  of 
these  complex  package  structures  of  films  and  interfaces 
will  be  required.  An  overview  of  packaging  materials  and 
processing  trends  and  challenges,  both  development  and 
manufacturing,  in  the  1990‘s  will  be  described. 


K1 . 2 

MATERIAL  DEVELOPMENT  CHALLENGES  IN  HIGH- DENSITY 
PACKAGING  OF  ADVANCED  VLSI  MEMORY  DEVICES.  Steven 

D_. _ r :  oucih.  Intel  Corp;  Components  Technology 

Development  Croup,  Chandler,  Arizona  85226 

Design  objectives  for  semiconductor  memory 
systems  using  DRAM  or  SRAM  technologies  have 
traditionally  been  focussed  on  density,  cost  and 
reliability  factors.  Component  packaging  played  a 
major  role  in  determination  of  reliability  and 
cost,  while  density  was  primarily  driven  by  chip 
level  integration.  Future  systems  for  hand  held, 
laptop,  and  disk  replacement  applications  based  on 
new,  nonvolatile  technologies  will  put  much  more 
emphasis  on  package  dens ificat ion.  Credit  card 
sized  modules  with  capacity  up  to  50  megabytes  are 
in  the  concept  6tages  based  on  announced  plans  of 
semiconductor  manufacturers  to  develop  ever  denser, 
higher  capacity  chips. 

Material  challenges  will  derive  from  the  need 
to  significantly  shrink  component  packages  to 
minimum  size  needed  to  support  chip-to-system 
interconnects.  This  will  have  to  be  achieved 
without  sacrificing  reliability,  yet  cost  per  bit 
will  be  expected  to  continue  its  downward  trend. 
The  initial  response  is  already  evident  in 
development  of  small,  ultra-thin  plastic  surface 
mount  component  (PSMC)  packages  which  are  only 
slightly  larger  than  the  IC  chips  (dies)  embedded 
in  them.  Problems  that  are  exacerbated  by  this 
miniaturization  include:  moisture  absorption  rate, 
fragility  of  terminal  leads  and  sensitivity  to 
thermal  stress  in  SKT  assembly  and  field  service. 
Material  and  design  improvements  will  be  required 
to  mitigate  these  effects  and  increase  stress 

Strategies  which  seem  likely  to  be  employed  include 
tape  automated  bonding  (TAB) ,  die  coating  and 
support  structures  for  outer  lead  terminals.  This 
paper  presents  a  rationale  for  each  strategy  and 
discusses  synergies  leading  to  an  optimized 
packaging  system. 


K1.3 

MATERIALS.  MM  HANK  At.,  AND  IHIRMAI  C ONSIDER- 
A  I  IONS  OF  HIGH  DFNMTY  MULTI-CHIP  FI  M -TRONIC  PACK 
AGES.*  I  I’  K  rii'iuv  (  orncll  I  imciwtv,  School  of  I’lcitriciil 
I  nginccring.  Ithaca.  New  York  14X51. 

Advanced  clcclrnmt  sywtcim  increasingly  derive  their  performance 
p.om  from  density  on  all  packaging  level*.  This  trend  is  particularly  pro¬ 
nounced  for  first  level  packages  and  has  lead  to  an  enhanced  research  ef¬ 
fort  on  multi-chip  modules.  I  umlanicnta!  limits  studies  have  shown  that 
density  improvements  bv  orders  ol  magnitude  arc  possible  [I]  .  Recent 
analyses  of  multi-chip  packages  using  package  system  simulation  [2],  a 


new  systematic  design  methodology  for  electronic  packaging,  have  con¬ 
cluded  that  comparable  performance  goals  can  be  met  with  several  com¬ 
peting  solutions  differing  in  their  materials,  mechanical,  thermal  and 
manufacturability  characteristics  Complex  design  tradeoffs  will  thus  de¬ 
termine  future  high  density  multi-chip  modules.  A  set  of  such  competing 
modules  solutions  will  be  found  for  high  density  CMOS  and  bipolar  based 
IC  technologies  using  package  system  simulation.  Materials,  mechanical, 
and  thermal  tradeoffs  will  then  will  he  identified  and  discussed.  Based  on 
this,  the  competing  multi-chip  modules  will  be  ranked  and  compared  with 
current  trends  in  existing  multi-chip  module  technologies.  Finally,  mate¬ 
rials  research  issues  will  be  identified. 

K1.4 

POLY  I  Ml DE-CERAKI C  SU8STRATE  FOR  SUPERCOMPUTER  PACKAGING 
K-Kiabara,  A.Dohya,  T.tatari,  NEC  Corporation 
1-10,  Nisshin-Cho,  Fuchu  City,  Tokyo  183  JAPAN 


This  paper  introduces  the  Polyiiide-Ceraeic  substrate 
for  the  NEC  SX  Supercomputers.  In  case  of  high  performance 
system  such  as  supercomputers  and  top  end  machines  in 
general  purpose  computers,  sophisticated  packaging  tech¬ 
nologies  are  esaential  to  achieve  fastest  operations  as 
tell  as  to  use  highest-speed,  highly  integrated  LSIs. 
Hiring  substrate  which  mounts  and  interconnects  LSIs  is 
the  key  to  back  up  LSI’s  higher  logical-operations. 

The  high  speed  interconnection  wirings  and  high  density 
LSI  mounting  are  requested  for  the  substrate. 

The  Polyimide-Ceramic  substrate  had  been  developped  to 
meet  these  demands  and  have  many  features  of  high  density 
thin  film  wirings,  high  power  supply,  high  thermal  conduc¬ 
tivity  and  huge  number  of  I/Os,  in  addition  to  high  speed 
wirings. 

25Atm  wide,  75«b  center-to-center  spacings,  up  to  four 
signal  layers.  6ns/cm  signal  transmissions.  2.5N/cn2  to 
6.51/00*  high  power  density,  2177  to  11500  l/0s  on  a  10cm 
to  22.5cm  square  substrate  have  been  achieved  by  using 
this  super  substrate  technology. 

The  packaging  hierachy,  the  first  level  packaging  of  TAB 
LSI.  the  second  level  of  multi-chip  packaging  by  using 
Polyimide-Ceramic  substrate  and  liquid  cooling  module,  and 
the  third  level  of  board  assemblies  are  introduced. 

Kl.5 

GLASS-CERAMICS  FOR  MICROELECTRONIC  PACKAGING. 

John  F.  MacDowell  and  George  H.  Beall,  Corning 
Incorporated,  Corning,  NY. 

Glass-ceramics  appear  to  constitute  a  new 
generation  in  microelectronic  packaging 
materials.  Some  recently  developed  glass-derived 
ceramic  materials  with  low  dielectric  constants 
and  thermal  expansivities  matching  silicon  are 
described.  These  materials  include  cordierite 
solid  solutions,  boron  phosphates,  fluormicas, 
and  microfoams. 

A  distinction  is  made  between  glass-ceramics 
derived  via  internal  nucleation  and 
crystallization  of  bulk  glass  and  those  formed  by 
sintering  and  surface  devitrification  of  glass 
particulates . 

Sintered  mixtures  of  glass  and  crystalline 
particulates,  although  not  glass-ceramics,  are 
also  described. 
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K2.1 


OPTICAL  INTERCONNECT  TECHNOLOGY  FOR 
MULTI-PROCESSOR  NETWORKS  John  D.  Crow,  IBM, 
Watson  Res.  Ctr,  P.O.  Box  218,  Yorktown  Heights,  NY 

The  interconnection  of  many  processors  in  order  to 
increase  the  computing  power  of  the  ensemble  is  of 
growing  importance  in  the  data  processing  industry. 
For  higher  speed  networks,  optical  interconnects 
will  be  attractive  if  they  can  be  implemented  with 
Gigabit/sec  speed,  highly  integrated  components, 
packaged  onto  compact  modules,  compatible  with  DP 
equipment  cards  and  assembly  processes.  The  tech¬ 
nology  must  also  demonstrate  high  reliability  and 
almost  error  free  operation  in  the  computing  system 
environment.  Adapting  the  current  long- 
transmission  distance  optimized  optical  technol¬ 
ogy,  consisting  of  discrete  devices,  custom 
assembled  into  hybrid  packages,  with  sub-micron 
optical  alignments,  seems  ill  suited  to  the  near- 
term  realization  of  an  optical  interconnect  tech¬ 
nology  which  will  be  competitive  with  electrical 
wiring  approaches. 


At  IBM  we  have  developed  an  optimized  optical 
technology  for  short  distance,  highly  integrated. 
Gigabit/sec  speed  links.  We  have  used  a  1  |ii  GaAs 
E/D  MESFET  with  SBL  and  DCS  logic  families  to  fab¬ 
ricate  Tx  and  Rx  chips  with  most  of  the  link 
adapter  functions  (i.e.  serialization,  clocking, 
line  driving,  and  receiving)  required  to  interface 
a  data  bus  with  a  fiber  optic  network. 

K2.2 

FEMTOSECOND  TIME  DOMAIN  TECHNIQUES  FOR  CHARAC¬ 
TERIZATION  OF  LINEAR  AND  NONLINEAR  OPTICAL  PROP¬ 
ERTIES  IN  CaAs  WAVEGUIDES.  K.  K.  Anderson,  M.  J.  LaCasse, 
H.  A.  Haus,  and  J.  G.  Fujimoto,  Massachusetts  Institute  of  Tech¬ 
nology,  Dept,  of  Electrical  Engineering  and  Computer  Science,  and 
Research  Laboratory  of  Electronics,  Cambridge,  MA  02139. 

Femtosecond  time  domain  measurements  can  provide  a  powerful  ap¬ 
proach  for  characterizing  both  the  nonlinear  as  well  as  linear  optical 
properties  of  waveguide  devices.  Measurements  of  the  nonresonant 
Xj  or  nonlinear  index  are  of  central  importance  for  applications  in  all 
optical  switching.  We  describe  a  new  approach  for  directly  measuring 
nonlinear  index  in  waveguide  devices  using  femtosecond  pump  probe 
time  division  interferometry.  This  technique  achieves  high  sensitivity 
and  reduces  acoustic  and  thermal  fluctuation  artifacts  in  an  interfer¬ 
ometric  measurement  by  using  time  division  multiplexing  and  differ¬ 
ential  detection.  Sensitivities  of  A/500  are  obtained  without  active 
stabilization.  Combining  this  technique  with  a  wavelength  tunable 
femtosecond  laser  source  permits  measurements  to  be  performed  as  a 
function  of  wavelength.  We  describe  studies  of  the  nonresonant  non¬ 
linear  index  in  bulk  GaAlAs  waveguides  as  well  as  preliminary  mea¬ 
surements  in  MQW  waveguides.  In  addition  to  interferometry,  pump 
probe  measurements  of  induced  absorption  can  provide  information 
on  the  dynamics  of  carrier  generation  and  state  Ailing.  Finally,  time 
of  flight  or  multiple  echo  studies  of  pulse  propagation  in  the  waveguide 
are  a  measurement  of  loss  and  dispersion.  Systematic  measurements 
of  the  wavelength  dependence  of  nonlinear  index  n2,  two-photon  ab¬ 
sorption  /?,  as  well  as  simple  linear  measurements  of  absorption  a  can 
provide  a  comprehensive  characterization  of  the  waveguide  device. 


K2 . 3 

OPTICAL  WAVEGUIDES  IN  THE  COMPUTER  ENVIRONMENT? 
Modest  M.  Oprysko,  IBM  Research  Division,  T.J.  Watson  Research 
Center,  P.O.  Box  218,  Yorktown  Heights,  NY  10598. 

It  is  anticipated  that  optics  will  play  an  increasing  role  in  future 
high  performance  computer  systems.  However,  the  incompatibility 
of  today's  optoelectronic  packaging  technology  with  high  perform¬ 
ance  microelectronic  packaging  is  an  impediment  to  the  introduc¬ 
tion  of  optics  in  the  computer  environment.  Optical  waveguides 
may  provide  a  natural  path  for  the  integration  of  electrical  and  op¬ 
tical  devices.  These  optical  waveguides  should  be  capable  of  pro¬ 
viding  high  density  optical  interconnect,  be  thermally  stable, 
compatible  with  standard  electronic  packaging  processes,  etc. 
Progress  in  optica!  waveguide  work  for  computer  applications  from 
several  laboratories  will  be  presented. 

K2.4  ABSTRACT  NOT  AVAILABLE 

K2.5 

OPTICAL  INTERCONNECT  SWITCH.  Paul  R.  Prucnal,  Dept,  of 
Electrical  Engineering,  Princeton  University,  Princeton, 

NJ  08544. 

The  speed  of  VLSI  circuits  is  experiencing  a  diminishing 
growth  rate  due  to  electrical  I/O  bottlenecks  at  the  chip 
and  board  levels.  It  is  well-known  that  this  electrical 
pin-out  problem  can  be  remedied  with  fiber-optic  inter¬ 
connects,  since  the  information  capacity  of  a  single  op¬ 
tical  fiber  is  several  orders  of  magnitude  greater  than 
an  electrical  transmission  line.  However,  the  increase 
in  channel  capacity  offered  by  optical  fibers  does  not, 
by  itself,  solve  the  pin-out  problem.  It  is  important 
that  the  interconnections  be  reconfigurable,  so  that 
different  functions  can  be  performed  without  physically 
restructuring  the  interconnection.  The  reconfiguration 
of  interconnects  can  be  performed,  for  example,  by  using 
a  photonic  switch.  Photonic  switches  have  been  shown  to 
have  a  very  large  transmission  bandwidth  and  faster  re¬ 
configuration  time  than  their  electronic  counterparts, 
but  photonic  switches  with  high-interconnect  capability 
have  not  yet  been  demonstrated.  The  integration  of 
switch  arrays  with  large  dimension  is  limited  by  the 
minimum  physical  dimension  of  an  individual  optical 
switching  element,  as  well  as  by  its  crosstalk  and  the 
waveguide  propagation  loss.  These  factors  restrict  the 
dimension  of  a  monolithic  NxN  optical  switch  array  to 
about  N»10  input/output  ports.  In  this  talk,  the  experi¬ 
mental  demonstration  of  a  novel  switching  architecture 
for  optical  interconnects  is  reported.  This  switch  mul¬ 
tiplexes  the  signals  from  all  input  ports  onto  a  common 
optical  transmission  channel.  The  multiplexed  signals 
are  then  broadcast  to  all  output  ports.  The  switching 
function  is  achieved  by  demultiplexing  the  desired  input 
,  Hi,  making  high-dimensionality  switches  feasible. 

K2.6 

GLASS  SEALING  OF  OPTICAL  FIBERS.  Kathleen  S.  Abbott, 
E.  I.  du  Pont  de  Nemours  &  Co.  (Inc.),  Engineering  Development 
Laboratory  101  Beech  Street,  P.O.  Box  80840  Wilmington, 
Delaware,  19880-0840 

As  a  replacement  for  metallized  fibers  soldered  into  packages,  a 
method  was  developed  to  glass-seal  bare  optical  fibers  into  metal 
tubes  The  glass  seal  protects  the  package  hermetically  from  the 
environment  and  eliminates  the  use  of  epoxies  and  metallization 
techniques.  Much  work  was  done  to  test  the  influence  of  system 
variables  on  the  functionality  and  long-term  life  of  the  seal.  Results 
indicate  a  stable  product  from  the  standpoint  of  temperature,  me¬ 
chanical  stability  and  optical  signal  integrity. 

The  design  challenge  lay  in  the  choice  of  both  the  metal  tube  and 
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the  solder  glass.  Correct  material  and  processing  selection  resulted 
in  a  highly  stable  fiber  subassembly  versatile  enough  for  use  in 
many  optoelectronic,  electro-optic  and  like  devices. 

Packaging  and  optical  alignment  required  that  the  seal  maintain  a 
high  degree  of  hcrmcticity,  pure  optical  integrity  before  and  after 
scaling,  ability  to  withstand  temperature  cycling,  and  geometric 
centering  of  the  optical  fiber  within  the  glass  seal.  The  product, 
which  has  been  developed  and  tested  by  Du  Pont  in  collaboration 
with  British  Telecom  Research  Labs,  meets  all  these  requirements 
and  is  being  manufactured  at  BT&D. 


K3.1 

PHOTOSENSITIVE  POLYIMIDES  Hiroo  Hiramoto,  Torav 
Industries,  Incorporated,  SSTiSyaiTia ,  'OtSU  City, 
Shiga  S20,  Japan 

Photosensitive  polyimides  are  used  as 
interdielectrics  and  protection  coatings  of 
electronic  devices.  They  can  easily  give  fine- 
patterned  films  with  excellent  characteristics  of 
polyimides  by  photolithographic  procedure. 

Photosensitive  polyimides  are  composed  of 
polyimides  or  polyimide  precusors  with 
photosensitive  groups  and  can  be  converted  into 
polyimides  by  heat  curing.  Photosensitive  groups 
such  as  double  bonds,  azides, 
o-naphthoquinonediazides  or  o-nitrobenzyl  are 
incorporated  to  polymer  chains  through  covalent 
bonds  or  acid-amine  salts.  Some  polyimides  have 
photosensitivity  even  without  specially  introduced 
photosensitive  groups.  Most  of  photosensitive 
polyimides  are  negative-working,  but  a  few  of  them 
are  positive-working. 

Characteristics  of  photosensitive  polyimides  are 
fixed  by  two  factors,  the  method  of  introducing 
photosensitive  group  and  the  structure  of 
polyimide  backbone  chain.  Photosensitivity, 
resolution,  purity,  easiness  of  imide  conversion 
reaction  depend  mainly  on  the  former  factor.  The 
film  properties  after  curing  are  mainly  determined 
by  the  latter  and  are  also  affected  by  the  former 
when  imide  cyclization  is  imperfect. 

Photosensitive  polyimides  are  widely  used  as 
buffer  coatings  and  interdielectrics  of  LSI, 
interdielectncs  of  LSI  assembly  packages  for 
computers,  and  protection  coatings  of  electronic 
devices  such  as  linephotosensors. 


K3.2 

STRUCTURE  AND  PROPERTIES  OF  LIQUID  CRYSTAL 
POLYMERS.  Samuel  I.  Stupp.  Department  of  Materials 
Science  and  Engineering,  University  of  Illinois  at  Urbana- 
Champaign,  Urbana,  IL 


NEW  PHOTOSENSITIVE  POLYIMIDE  (S1M2000XL-RTS)  FOR 
PACKAGING  APPLICATIONS.  H.S.  Kwok,  S.  Jenj;.  M.  Xu  and  P.L. 
Liu,  Department  of  Electrical  and  Computer  Engineering,  State 
University  of  New  York  at  Buffalo,  Amherst,  N.Y.;  CJ.  Lee,  Occiden¬ 
tal  Chemical  Corporation,  Technology  Center,  Grand  Island,  N.Y. 

Polyimides  are  finding  increased  use  as  dielectric  materials  in  multi¬ 
level  metalization  technology,  which  is  the  key  to  high-density  packag¬ 
ing  applications  for  microelectronics. 

Newly  developed  photosensitive  polyimidesiloxane  (SIM2000XL- 
RTS)  has  been  evaluated  in  terms  of  thermal  stability,  photosensitivity 
and  lithography  as  well  as  electrical  breakdown  properties.  The  sen¬ 
sitivity  to  N2  laser  exposure  has  been  measured  under  optimized 
process  conditions.  We  also  find  that  SIM2000XL-RTS  can  be 
processed  up  to  350°C  without  significant  decomposition.  Micron- 
scale  contact  imagines  can  be  successfully  patterned  by  both  N2  laser 
and  conventional  UV  exposure.  The  electrical  breakdown  field 
strength  of  SIM200GXL-RTS  is  about  4  MV/cm  by  sandwitch 
measurements. 

K3.4 

ENVIRONMENTALLY  STABLE  POLYMERS  FOR 
ELECTRONIC  PACKAGING  FROM  SOLUBLE 
INTERMEDIATES.  C.  K.  Obcr.  T.  Mates,  and  H.  Martin, 
Materials  Science  &  Engineering,  Cornell  University,  Ithaca, 
NY  14863-1501 

We  are  investigating  new  polymerB  bused  on  polylphenylene 
vinylene),  PFV  and  poly(phenylene),  PP.  Like  Kapton,  the  well 
known  polyimide,  these  polymers  can  be  spincoated  from 
soluble  intermediates  and  convened  to  their  thcrmolly  stable 
forms  by  elimination  of  small  groups  during  a  heating  cycle. 
As  such,  these  polymers  aro  insulating.  Unlike  Kapton,  both 
polyfphenylene  vinylene)  and  poly(phenylene)  hove  iho 
potential  for  metallic  conductivity  when  properly  doped. 


Thermotropic  liquid  crystal  polymers  are  a  new  class  of 
polymeric  substances  which  may  find  application  as 
advanced  electronic  packaging  materials.  This  possibility  is 
based  on  the  thermo-mechanical  and  dielectric  properties  of 
some  of  these  new  materials.  Aromatic  polyesters  are  one  of 
the  chemical  families  of  thermotropic  liquid  crystal 
polymers  and  these  are  at  the  moment  commercially 
available  in  the  USA,  Europe  and  Japan.  These  materials 
are  particularly  interesting  because  of  their  high  thermal 
stabilities  as  solids  and  because  they  melt  into  fluids  with 
relatively  low  viscosities  given  their  nematic  nature.  Upon 
solidification  the  ordered  fluids  crystallize  partially  yielding 
materials  of  high  strength  and  low  coefficients  of  thermal 
expansion.  One  of  the  aromatic  polyesters,  the  homopolymer 
of  p-hydroxybenzoic  acid,  has  one  of  the  highest  ambient 
temperature  thermal  conductivities  known  for  polymeric 
materials.  Also  many  of  these  new  materials  exhibit 
excellent  chemical  resistance  and  low  dielectric  constants. 
The  lecture  will  discuss  some  of  the  fundamental  links 
between  flie  observed  properties  and  the  molecular 
constitution  of  these  materials.  Another  topic  to  be  covered  is 
the  impact  of  surfaces  and  external  forces  on  the  molecular 
orientation  of  thin  layers. 


During  curing,  the  complete  removal  of  the  leaving  groups  is 
important  in  determining  the  final  behavior  of  the  cured 
polymer  film.  Elimination  of  the  leaving  groups  was  followed 
by  means  of  Rutherford  Backscottering  analysis  fur  various 
curing  conditions  and  environments.  We  will  describe  the 
curing  and  film-forming  properties  of  these  polymers,  and 
discuss  both  their  dielectric  characteristics  and  thermal 
stability  as  a  function  of  the  curing  conditions. 

K3  5 

THE  PREPARATION  AND  PROPERTIES  OF  A  NEW 
FAMILY  OF  AMORPHOUS  FLUOROPOLYMERS: 
TEFLON*  AF.  Paul  R.  Resnick.  E.  I.  Du  Pont  de 
Nemours  &  Company,  Inc.,  Polymer  Products 
Department,  P.  O.  Box  80353,  Wilmington,  DE.  19808- 
0353 

Teflon*  AF  is  a  new  family  of  amorphous  f luoropoly mers 
based  on  bis-2,2-trifluoromethyl-4,5-difluoro-1,3- 
dioxole  which  has  unusual  properties.  In  addition  to  the 
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superior  electrical  (e.g.  dielectric  constant  - 1 .934  @  1 
MHZ),  chemical  resistance  and  thermal  properties 
associated  with  fluoropolymers  the  Teflon*  AF  family 
possesses  glass  transition  temperatures  as  high  as 
300°  resulting  in  improved  physical  characteristics. 

The  polymers  have  extremely  high  optical  clarity  and 
have  limited  solubility  in  some  commercially  available 
peifluorinated  ethers.  Teflon*  AF  polymers  may  be 
either  solution  cast  into  clear  micron  thin  films  or  melt 
processed  into  a  variety  of  forms. 

K3.6 

INELASTIC  DEFORMATION  AND  FRACTURE  OF  POLYMER  COM¬ 
POSITES.  D.M-  Shinozaki  Department  of  Materials  Engineering,  University  of 
Western  Ontario,  London,  Ontario,  N6A5B8  CANADA 


The  study  of  the  mechanical  integrity  of  multi-phase  systems  such  as  polymer- 
metal,  polymer-ceramic  and  polymer-polymer  composites  involves  some  aspects 
of  both  continuum  mechanics  and  materials  science.  A  review  of  some  topics 
which  relate  these  two  general  approaches  will  emphasize  methods  to  measure 
useful  parameters.  Some  important  considerations  which  are  often  overlooked, 
and  which  should  be  evaluated  are  the  pressure  dependence  of  inelastic  deforma¬ 
tion,  non-constant  volume  plastic  flow,  time  and  temperature  dependent  response 
and  inhomogeneity  of  plasticity.  The  need  for  including  these  considerations  will 
be  discussed  briefly. 


K3.7 

SOLVENT  DIFFUSION  IN  SELECTED  POLY1MIDE  FILMS.  W.P. 
Pawlowski.  M.I.  Jacobson,  M.E.  Teixeira,  and  K.G.  Sakorafos,  IBM 
Systems  Technology  Division,  Endicott,  NY  13760 

The  absorption  of  several  solvents  including  methylene  chloride 
(MC).methyl  chloroform  (MCF),  y-butyrolactone  (BLO),  dibromome- 
thane  (DBRO),  1,2-dichIoroethane  (DCE),  and  1,2-dichloropropane 
(DCP)  in  Kapton  H™\  Upilex  S™  ,  and  Upilex  R™“  polyimide  film 
was  measured  gravimetrically.  A  significant  difference  in  the  rate  and 
amount  of  absorption  of  these  chemicals  by  the  various  films  was 
observed.  The  difference  in  chemical  structure,  method  of  imidization, 
and  film  formation  play  a  major  roll  in  the  absorption  properties  of  the 
polyimide.  The  diffusion  of  MC  and  DBRO  in  Kapton  H  was  shown 
to  be  Case  II  by  both  gravimetric  and  Rutherford  backscattering  spec¬ 
trometry  (RBS)  analysis.  In  addition,  RBS  measurements  of  DBRO 
diffusion  into  the  rough  (drum)  and  smooth  (air)  side  of  Kapton  H  film 
showed  that  solvent  penetrating  from  the  rough  side  initially  penetrates 
more  rapidly.  MC  diffusion  in  Upilex  R  was  found  to  be  intermediate 
between  Fickian  and  Case  II  using  RBS.  Although  Upilex  S  showed 
no  MC  or  DBRO  weight  gain  gravimetrically,  RBS  analysis  showed  a 
small  weight  gain  »f»»r  extended  exposure. 


K3.8 

SOLVENT-INDUCED  DAMAGE  IN  POLYIMIDE  THIN 
FILMS.  Mu-San  Hu.  Materials  Department,  University  of 
California,  Santa  Barbara,  CA  93106. 

Solvent  (e.g.:  xylene)  induced  damage  bands  formed  in 
residually  strained  polyimide  thin  films  on  A1 
substrates  have  been  studied.  Microscopy  studies 
showed  that  these  damage  bands  resemble  crazes.  A 
mechanics  approach  is  taken  to  understand  this 
phenomenon. 

The  characteristics  of  the  damage  bands  have  been 
compared  with  the  behavior  of  cracks  in  brittle  thin 
films.  The  critical  strain  for  damage  formation  has  been 
identified.  This  strain  tends  to  diminish  with  increase 
in  exposure  time.  In  contrast  to  the  cracking  of  brittle 
films,  the  critical  strain  exhibits  only  weak  dependence 


on  the  film  thickness  over  a  wide  range.  Strain- 
enhanced  diffusion  of  solvent  into  the  films  is 
considered  to  be  responsible  for  the  property 
degradation  that  leads  to  damage  propagation. 

K3.9 

DELAMINATION  OF  METADPOLYMER  interfaces  with  small 
GEOMETRIES.  Shih-liang  Chiu  ,Y.H.  Jeng,  Raul  E.  Acosta  and  Paul  S.  Ho. 
IBM  Thomas  J.  Watson  Research  Center,  Y orktown  Heights,  NY  10598 


Metal-polymer  multilayered  structures  are  increasingly  used  in  electronic  packag¬ 
ing.  The  mechanical  integrity  of  such  structures  is  an  important  concern,  partic¬ 
ularly  regarding  the  effect  due  to  dimensional  reduction  on  the  de lamination 
behavior  of  the  metal-polymer  interface.  This  problem  has  been  investigated  using 
a  stretch-deformation  method  on  samples  with  fine  metal  lines  patterned  on 
polyimide  substrates.  The  samples  with  patterns  of  equaJ-line-space  of  4-16  um 
of  Au/Cr  laminate  were  photo  lithographically  fabricated  on  the  PMDA-ODA 
substrate.  Preliminary  results  show  that  the  mode  of  interfacial  failure  depend  on 
the  line  width  of  the  Au/Cr  line  and  the  orientation  of  the  metal  line  with  respect 
to  the  stretching  direction.  Only  cracking  is  observed  when  the  orientation  of 
metal  lines  is  parallel  to  the  stretching  direction.  In  the  perpendicular  direction,  the 
failure  behavior  changes  from  a  pure  delamination  mode  to  a  mixed  mode  of 
cracking  and  delamination  as  the  line  width  decreases  from  1 6  um  to  4  um.  Results 
can  be  qualitatively  accounted  for  using  a  simplified  model  based  on  two- 
dimensional  stress  analysis  and  the  Poisson  ratio  mismatch  between  metal  and 
polymer. 


K3.10 

ORGANIC  DIE  COAT  MATERIALS  FOR  PLASTIC 
PACKAGES.  R.  Padmanabhan.  Final  Manufacturing 
Research  &  Development,  Mail  Drop  B-136,  Motorola, 
5005  E.  McDowell  Rd„  Phoenix,  AZ  85008. 

The  role  of  organic  materials  in  electronic  packages 
is  constantly  being  expanded.  A  fairly  recent  application 
is  the  use  of  these  materials  for  encapsulating  high  lead 
count  IC  dice,  like  TAB  chips  that  are  bonded  directly  to 
the  board  in  plastic  packages.  Since  these  packages  are 
non-hermetic,  some  special  constraints  are  placed  in  the 
selection  of  these  die  coat  materials.  Reliability  issues 
that  have  to  be  addressed  include  compatibility  with 
the  underlying  dielectric  medium,  chemical  resistance, 
low  moisture  absorption,  corrosion  protection  and 
resistance  to  thermal  stresses.  This  paper  discusses 
some  of  these  concerns  and  reviews  the  suitability  of 
different  categories  of  die  coat  materials  for  this 
application.  Examples  are  given  from  three  classes  of 
materials  that  were  investigated  in  this  study,  viz., 
epoxy  resins,  polysiloxyimides  and  silicones.  Results  of 
chemical  resistance,  thermal  cycle,  temperature- 
humidity-bias  and  other  tests  are  discussed  and  some 
suggestions  are  made  for  future  research  in  this  area. 

K4 .1 

CERAMIC/POLYMER  NANOCOMPOSITE  PROPERTIES  FOR  MICROELECTRONIC 
PACKAGING.  Robert  E.  Newnham,  Amitabh  Das,  Thallam  T. 
Srinivasan,  Materials  Research  laboratory,  The  Pennsylvania 
State  University,  University  Park,  PA  16G02 

The  thermal  expansion  and  dielectric  properties  of  various 
polymer/fumed  silica  composites  have  been  studied.  Both 
thin  film  and  bulk  samples  were  prepared  and  the  fine  silica 
was  dispersed  and  mixed  with  the  aid  of  solvents  and  ultra- 
sonification  respectively.  TEM  micrographs  showed  the 
evidence  of  the  formation  of  a  nanocomposite.  The  dielectric 
properties  were  low  which  is  suitable  for  substrates,  but 
they  did  not  conform  to  any  mixing  rules,  which  are  used 
for  micro,  or  macro  composites.  The  thermal  expansion 
coefficients  similarly  did  not  follow  any  of  the  composite 
rules,  predicted  by  effective  medium  theory  and  others. 

An  anomalous  behavior  in  the  thermal  expansion  coefficient 
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was  observed,  well  below  the  Tg  of  the  polymer.  An  attempt 
is  made  in  this  study  to  explain  the  unique  properties 
of  nanocomposites,  which  cannot  be  predicted  by  conventional 
composite  modeling  of  properties. 

K4.2 

CHARACTERIZATION  OF  DIELECTRICS  OVER  BROAD  ELEC¬ 
TRICAL  BANDWIDTHS  Ci.  Ariavalincam.  Y.  Pastol.  J  -M  Halhout, 
and  G  V.  Kopcsay.  IBM  Thomas  J.  Watson  Research  Center, 
Yorkiown  Heights.  New  York  10598. 

There  is  considerable  recent  interest  in  the  dielectric  properties  of  ma¬ 
terials  measured  over  broad  electrical  bandwidths.  This  follows  from 
advances  made  in  the  performance  of  electronic  devices  which  now 
produce  pulses  with  risetimes  in  the  order  of  5  picoseconds.  It  is  es¬ 
sential  to  know  the  dielectric  constants  and  loss  properties  of  the  ma¬ 
terials  used  in  fabricating  these  devices  and  their  interconnection 
structures,  up  to  frequencies  of  about  100  GHz.  In  this  talk  we  will 
describe  a  novel  technique  for  measuring  these  properties,  from  10 
GHz  to  about  125  GHz.  in  a  single  experiment. 

The  technique  is  based  on  transient  electromagnetic  pulses  radiated  and 
received  by  broadband  antennas.  The  antenna  structures  are  inte¬ 
grated  with  the  high-speed  optoelectronic  devices  used  for  both  elec¬ 
trical  pulse  generation  and  for  electrical  sampling.  The  radiated 
electromagnetic  pulses  have  frequency  components  between  0  and  1 50 
GHz.  When  a  sample  is  inserted  in  the  microwave  beam,  the  received 
time -domain  signal  undergoes  attenuation  and  time  delay  caused  by  the 
absorption  and  the  dispersion  of  the  material  respectively.  From  this, 
the  loss  coefficient  and  dielectric  constant  can  be  determined  sepa¬ 
rately.  over  the  wide  availabe  bandwidth,  using  Fourier  analysis.  Since 
the  radiation  is  highly  polarized,  we  can  also  characterize  the  orien¬ 
tation  dependent  dielectric  properties  of  anisotropic  materials. 

We  will  describe  the  experimental  set-up  and  the  analysis  used  to  make 
the  broadband  dielectric  characterization,  and  present  results,  obtained 
for  the  first  time  at  these  frequencies,  for  several  materials  including 
polymers,  ceramics,  and  uniaxial  crystals. 

K4.3 

A  NEW  MULTILAYERED  MATERIAL  WITH  LOW 
DIELECTRIC  PERMITTIVITY  BASED  ON  INTERCALATION 
PROPERTIES  OF  LAYERED  COMPOUNDS.  Vivek 
Mehrotra  and  Emmanuel  P.  Giannelis,  Department 
of  Materials  Science  and  Engineering,  Cornell 
University,  Ithaca,  NY  14853. 

Microelectronic  packaging  in  the  next 
generation  of  very  high  speed  ICs  will  require 
materials  with  very  low  dielectric  constant 
and  loss  tangent.  New  materials  based  on  a 
series  mode  in  which  layers  of  the  two 
components  are  stacked  alternately  with  the 
electric  field  normal  to  the  layers  have  been 

proposed  for  reducing  the  dielectric 
permittivity.  Intercalation  compounds  formed 

by  the  insertion  of  atomic  or  molecular  layers 
of  a  guest  species  in  the  galleries  of  the 
host  are  excellent  precursors  for  the 
realization  of  such  superlattices  with 
atomically  sharp  interfaces. 

We  have  fabricated  multilayered  films  with 
Angstrom  range  periodicity  by  intercalating 
discrete  molecular  layers  of  a  polymer  in  the 
galleries  of  insulating  layered  silicates. 

The  resulting  structure  exhibits  good 
dimensional  stability,  good  metal  adhesion  and 
a  very  low  dielectric  constant.  The 

dielectric  properties  of  the  pristine  layered 
host,  guest  species  and  the  intercalated 
compound  will  be  presented  and  discussed. 


K4.4 

CERAMIC  FIBER  COMPOSITES  FOR  ELECTRONIC  PACKAGING: 
THERMAL  TRANSPORT  PROPERTIES.  Honomei  Zhang.  David 
G.  Onn,  ATPL,  Department  of  Physics  &  Astronomy, 
University  of  Delaware,  Newark,  DE  19716  and  John 
Bolt,  Experimental  Station,  E.I.  Du  Pont  de  Nemours 
and  Co.,  Wilmington,  DE,  19898. 

Composites  which  combine  the  high  thermal 
conductivity  of  ceramic  fibers  with  the  low 
dielectric  constant  of  polymers  are  attractive 
candidates  for  electronic  packaging  applications. 
We  have  measured  the  anisotropic  thermal  diffusivity 
between  20  K  and  500  K  of  uniaxial,  quasi-isotropic 
and  random  fiber  composites  containing  various 
volume  fractions  of  alumina  and  other  fibers.  The 
x-axis  and  y-axis  diffusivities  were  obtained  from 
a  modified  Angstrom's  Bar  while  the  z-axis 
diffusivity  and  specific  heat  were  obtained  from  an 
Electronic  Pulse  technique.  The  anisotropic  thermal 
conductivities  were  then  obtained  from  the 
diffusivities,  the  density  and  the  specific  heat. 
The  uniaxial  x-axis  conductivities  were  analyzed 
using  the  "parallel  model"  permitting  extraction  of 
the  temperature  dependence  of  the  fiber 
conductivites.  The  y-axis,  z-axis  and  random  fiber 
conductivities  were  very  dependent  on  the  composite 
microstructure  and  required  more  complex  composite 
transport  models  for  analysis.  For  uniaxial 
composites  the  y-axis  and  z-axis  conductivities  did 
not  agree  for  higher  fiber  loadings  as  the  influence 
of  the  anisotropic  pre-preg  structure  influenced  the 
transport  properties. 


K4.5 

PREPARATION  Or  Ai  0  -COATED  METAL  SUBSTRATE  FOR 
HIGH  DENSITY  ELECTRONIC  ASSEMBLY.  K.Nakada, 
M.Ono  anu  S.Kosuge,  NKK  Corporation,  KawasaK. ;  - 
<u,  Kawasaki,  210,  Japan. 

The  appearance  of  the  higher  density  assembly 
together  with  recent  advances  in  electronic 
devices  has  demanded  the  substrates  with  higher 
thermal  conductivity.  We  have  succeeded^  in 
preparing  the  new  metal  substrates  insulated 
with  Ai:.0;,  thin  film  by  a  CO,  laser  evaporation 
process  which  was  newly  developed  by  authors  and 
characterized  by  the  high  deposition  rate  of 
ceramics  compared  with  the  other  conventional 
deposition  processes. 

The  Al-03  films  deposited  on  A1  substrates  were 
examined  m  terms  of  chemical  composition, 
microstructure,  density,  hardness,  breakdown 
voltage,  thermal  conductivity  and  so  on.  The 
major  results  are  as  follows. 

(1)  The  compositon  of  A1.0-,  films  was  nearly 
stoichiometric  relationship. 

(2)  A1,0,  films  were  amorphous. 

(3)  A1,0;,  films  with  3- 1  5pm  thick  were  very 
dense  (pore  free)  and  very  hard (Hv  =  2000kgf /mm* )  . 

(4)  The  breakdown  voltage  was  over  100V  per  1pm 
thick,  which  was  much  higher  than  that  of  Al-Ch 
bulk . 

(5)  l'he  thermal  conductivity  was  about  five 
times  as  ■  ih  as  that  of  Al.Oj  substrates. 

These  re.'  lead  to  the  conclusion  that  this 
new  meta .  atrate  could  be  very  effective  for 
high  dens...-  electronic  assembly. 
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K4.6 

METAL  MATRIX  COMPOSITE  MATERIALS  FOR  ELECTRONIC  PACKAGING. 
M.  N.  Cungor.  Westinghouse  Science  and  Technology  Center, 
Pittsburgh,  PA  and  J.  D.  Gardner,  Westinghouse  Electronics 
Systems  Group,  Baltimore,  MD, 

Due  to  increased  demand  for  lightweight,  high  performance 
integrated  circuits,  the  design  of  electronics  and  micro- 
wave  packaging  systems  requires  lightweight,  thermally 
manageable,  fabricable  and  cost  effective  materials. 
Engineered  metal  matrix  composites  reinforced  with  fibers, 
whiskers  and  particulates  offer  new  opportunities  for 
design  engineers  to  meet  these  design  criteria.  The  pre¬ 
sence  of  a  low  coefficient  of  thermal  expansion  reinforce¬ 
ment  phase  and  high  thermal  conductivity  metal  matrix  :.llow 
the  packaging  to  be  thermally  stable  to  semiconductor 
devices  and  provide  heat  transfer  paths  to  surroundings. 

In  addition,  low  density  and  high  modulus  of  the  composites 
provide  weight  savings  for  the  package  design  which  is  par¬ 
ticularly  important  for  space  and  aerospace  electronics 
systems  applications.  Because  of  low  cost  of  fabrication, 
one  particular  composite  material  system  of  interest  for 
applications  is  particulate  reinforced  metal  matrix  compo¬ 
sites  . 

In  this  paper,  the  results  of  CTE  behavior  of  ceramic 
particulate  reinforced  A1  metal  matrix  composites  are 
presented.  The  effects  of  reinforcement  chemistry,  volume 
fraction,  and  matrix  chemistry  are  discussed. 


K4.7 

Mill)  MOV  R1  \<  DON  .HN it  SI  Mill  I  I  l  of  Ml  I  M  I'OI  'l  Ml  R 
I  \  1 1  l<  I  \(  I  S  I  Kim.  S  l>  V  II  Kirin’).  I  S  Oh  and 

(i  I  Walker  IBM  I  I  W  Ki-vimiiIi  (  enter.  I’ O  Uo\  IIS.  Yorktoun 
llviglitv.  NY  I"WX  1*1  KMSI.  (  ining- R\,ing  l’()Uo\  HI.  Seoul. 
K  r'rca 

I’oKuimlc  ha *>  been  of  great  imcrcM  to  the  tnitroclcelinnit  industry  due 
r<-  it*.  unique  properties  eueh  a'  high  temperature  etahihty,  eveelleiw  low 
dielectric  (.mutant  and  ca'\  prncc«ihilit\ .  W  hen  coupled  with  thm  con¬ 
ducting  metal  trim*.,  there  arc  basically  two  t y pcs  of  interlaces  between 
metal  and  polymude  .  first,  the  interlace  formed  by  titc  vapor  deposition 
ot  metal  films  on  cured  polytmidc  (  mctal-on- pohimidc  mterface  )  and. 
second,  the  interfaces  created  by  spin  coating  of  a  polytmidc  precursor 
onto  a  metal  film  followed  by  curing  to  form  the  polytmidc  (  polytmidc- 
on-metal  interface  |.  The  present  work  addresses  the  characteristics  of 
these  two  types  of  polytmidc  interfaces  with  sctcral  metals  in  terms  of  , 
(I  i  their  unique  intcrfacial  chemical  reaction  mechanisms.  (1)  correlation 
of  the  intcrfacial  reactions  with  their  adhesion  strengths  and  (1)  conse¬ 
quence  of  the  intcrfacial  reaction  for  stability  of  the  interfaces  and  for 
reliability  of  microelectronic  devices.  This  paper  is  to  summarize  the 
interface  related  issues  m  microelectronic  industry  mostly  published  else¬ 
where 


K4 .8 

X-RAY  DIFFRACTION  STUDIES  OF  THE  DELAMINATION  OF 
COPPER  THIN  FILMS  FROM  GLASS  AND  SILICA  SUBSTRATES 
Alan  G.  Fox  and  Rowland  M.  Cannon,  Center  for  Advanced  Materials, 
Lawrence  Berkeley  Laboratory,  University  of  California.  Berkeley 
CA94720. 

Double-cantilever-beam  (DCB)  samples  for  fracture  toughness  studies 
have  been  made  from  thin  films  of  copper  on  glass  or  silica  substrates  so 
that  during  testing  the  fracture  event  passes  exactly  along  the 
copper/glass(Si02)  imerface.The  strength  of  these  Cu/glass  (SiOj) 
interfaces  is  governed  primarily  by  the  amount  and  type  of  impurities 
present  when  the  thin  film  is  prepared  and  the  environment  in  which  the 
DCB  test  is  performed.  In  the  present  work  X-ray  diffractograms  were 
taken  from  regions  of  the  thin  Cu  films  which  had  seen'  fracture  events 
and  compared  with  those  (from  the  same  sample)  which  had  not,  and  the 
results  correlated  with  the  measured  fracture  toughnesses.  The  X-ray 
diffraction  lines  from  the  copper  films  which  had  not  been  subjected  to  a 
fracture  event  were  shifted  and  broadened  (relative  to  strain-free  copper) 
due  to  the  differences  in  thermal  expansion  coefficient  between  the  Cu 


film  ana  the  substrate.  As  expected,  these  residual  stresses  were  found  to 
be  greater  for  the  silica  substrates  than  for  glass.  A  transmission  electron 
microscope  (TEM)  study  of  the  films  in  cross-section  confirmed  that  the 
defects  associated  with  the  line  broadening  were  twin  faults  and 
dislocations.  The  effect  of  the  passage  of  the  fracture  event  along  the 
Cu/ceramic  interfaces  was  to  significantly  reduce  the  extent  of  line  shift, 
but  only  to  slightly  reduce  the  extent  of  broadening.  This  result  suggests 
that  although  die  overall  mean  strain  in  the  Cu  is  reduced  by  the  passage 
of  the  fracture  event  along  the  copper  thin-film/ceramic  interface,  the  non- 
uniform  strain  is  not  much  affected.  This  occurs  because,  as  expected, 
dislocations  are  generated  in  the  thin  copper  film  as  the  crack  extends 
along  the  interface.  This  was  also  confirmed  by  TEM  studies.  It  was  also 
found  that  the  greater  the  strength  of  the  interface,  the  greater  was  the 
reduction  in  mean  strain  due  to  the  fracture  event;  this,  of  course,  is 
consistent  with  the  generation  of  greater  numbers  of  dislocations  in  the 
copper  films  by  the  fracture  events  along  interfaces  of  higher  strength. 

K4.9 

THE  EFFECT  OF  N2  ADDITION  ON  SPUTTERED  TITANIUM 
BORIDE  FILMS.  N.  C.  Saha  and  R.  K.  Sharma. 

Motorola  Inc.,  Phoenix,  Arizona. 

Thin  films  of  titanium  boride  were  deposited 
onto  Si02  substrate  by  sputtering  from  a  TiB2  target  in 
(0-100%)  Ar/N2  gas  mixtures.  The  film  properties  such 
as  composition,  crystallinity  and  sheet  resistance  were 
significantly  changed  upon  addition  of  N2  in  the  sputter 
gas.  These  changes  in  composition  and  crystallinity  were 
evaluated  by  x-ray  photoelectron  spectroscopy  (XPS) 
and  x-ray  diffraction  (XRD)  techniques. 

The  film  deposited  in  argon  was  stoichiometric  TiB2 
and  polycrystalline  in  nature.  Addition  of  nitrogen  led  to 
decomposition  of  TiB2,  formation  of  BN  and  TiN 
compounds,  loss  of  crystallinity,  and  increase  in  the  film 
sheet  resistance.  The  changes  in  properties  of  these  films 
as  a  function  of  deposition  conditions  are  directly 
attributable  to  the  film  compositions. 

K4.10 

RBS  ANALYSIS  OF  PHOSPHOR  PACKACES  FOR  LASER-HEAT  TL 
DOSIMETRY.  Stanley  H.  Stern,  Jack  L.  Price,  Donald  G. 
Simons*.  David  J.  Land,  and  Veerendra  K.  Mathur,  U.S. 
Naval  Surface  Warfare  Center,  White  Oak  Laboratory, 
Silver  Spring,  MD  20903-5000. 

Components  and  packages  of  phosphors  being  developed  by 
International  Sensor  Technology,  Inc.,  for  a  laser-heat 
thermoluminescence  radiation- dosimetry  system  have  been 
analyzed  with  Rutherford  Backscatter  Spectrometry  (RBS) 
and  complementary  measurements  of  Particle  -  Induced  X-ray 
Emissions  (PIXE) .  Samples  consist  of  -  50-micron  diam¬ 
eter  powder  grains  of  CaS0^:Tm,  of  mixtures  of  CaS0^:Tm 
and  LiF:Ti,Mg,  or  of  MoB^0^:Tm  respectively  embedded  in  a 
transparent  silicone  adhesive  matrix  (Dow-Corning  96- 
083).  The  matrix  with  phosphor  is  pressed  and  cured 
at  150°C  and  **00°C  on  a  -  1000-A  thick  Al  heat  sink  evap¬ 
orated  on  a  substrate  of  Dupont  KAPTON  VN. 

Our  principal  finding  with  regard  to  morphology  indicates 
an  inhomogeneous  outer  layer  -  100  /*g/cm2  of  silicone 

binder  that  covers  the  phosphor -matrix  bulk.  Such  encap¬ 
sulation  might  explain  dosimeter  robustness  vis -h -vis 
possible  h-nidity  degradation.  A  second  significant 
finding  is  the  spectrometric  suggestion  of  Be  and  B  in 
the  binder.  If  their  presence  is  confirmed,  these  ele¬ 
ments  might  be  respectively  related  to  observed  large  - 
background  "zero"  radiation- dose  BeO  thermo luminescence 
and  to  potential  10B  thermal -neutron  absorption. 
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K5.1 

DIELECTRIC  PROPERTIES  OF  SINTERED  AIN,  R.D.  Harris. 
R.C.  Enck,  and  J.L.  Reids,  BP  Research,  Cleveland,  OH  441 28. 

AIN  has  been  proposed  as  a  high  thermal  conductivity  substrate 
material  tor  the  electronics  packaging  Industry.  In  order  to  make  use 
of  AIN  in  this  application,  it  is  extremely  important  to  have  a  thorough 
understanding  of  its  electrical  properties.  We  have  initiated  a  study  of 
the  ac  electrical  properties  (dielectric  constant  and  dielectric  loss)  and 
the  dc  resistivity  of  sintered  AIN.  For  this  study,  we  have  used 
samples  purchased  commercially  as  well  as  samples  made  by  the 
Carborundum  Company,  a  member  of  the  BP  Group.  Measurements 
have  been  carried-out  as  a  function  of  temperature  and  frequency. 
Using  photolithographically  defined  sputtered  gold  electrodes  in  a 
guard  ring  geometry  (yielding  e  to  better  than  ±  1%),  we  find  variations 
in  the  room  temperature  dielectric  constant  for  AIN  substrates  obtained 
from  different  sources.  The  source-to-source  range  is  from  8.5  to  8.7. 
This  variation  has  not  been  previously  reported,  with  8.8  being  the 
generally  reported  value  in  the  product  literature.  We  find  similar 
source-to-source  variations  in  the  room  temperature  dielectric  loss.  All 
of  the  samples  show  thermally  activated  behavior  in  the  dc  resistivity. 
The  activation  energy  observed  for  most  samples  is  similar;  however, 
different  pre-exponential  factors  are  apparent.  As  a  result,  there  are 
large  variations  in  the  measured  room  temperature  resistivities  for 
samples  from  different  sources. 


K5.2 

Time-Resolved  Luminescence  of  Oxygen-Related 
Defects  in  Aluminum  Nitride  J.H.  Harris  and  R.a  Youngman, 
BP  Research,  Cleveland,  OH. 

The  luminescence  of  aluminum  nitride  doped  with  approximately  lwt/o 
oxygen  consists  of  an  intense,  very  broad  (leV),  spectral  line  in  the  near 
UV  centered  at  375  nm.  Though  there  is  little  doubt  that  this  transition  is 
associated  with  oxygen  incorporation  in  the  AIN  lattice,  both  the  anomalous 
width  of  this  feature  and  the  specific  complex  from  which  it  originates,  have 
been  a  matter  of  debate  over  the  past  decade1-2.  In  this  paper  we  present 
time-resolved  luminescence  data,  over  millisecond  time  scales,  which 
strongly  suggests  that  the  375  nm  peak  is  due  to  a  donor  to  acceptor 
transition,  as  originally  described  by  Thomas  et  al.  for  GaP3.  The  major 
evidence  for  this  conclusion  is  the  observation  of  significant  shifts  in  the 
peak  position  as  a  function  of  delay  time.  This  model  is  further  shown  to  be 
consitent  with  a  mechanism  for  oxygen  accomodation  in  AIN  where  charge 
balance  i  achieved  via  the  formation  of  aluminum  vaccancies  in  the  lattice 


K5.3 

A  TECHNIQUE  for  BRAZING  ALUMINUM  NITRIDE 
SUBSTRATES.  M  Grant  Norton.  Jacek  M.  Kajda,  Brian  C.  H.  Sieele, 
Department  of  Materials.  Imperial  College  of  Science  .  Technology  and 
Medicine.  Prince  Consort  Road,  London,  SW72BP,  England. 

A  technique  for  brazing  aluminum  nitride  (AIN)  using  conventional  (non¬ 
active)  brazing  alloys  has  been  investigated.The  process  involves  the  in- 
situ  decomposition  of  a  metal  hydride. This  process  alters  the  surface 
chemistry  of  the  substrate  and  improves  the  wettability  of  the  molten 
braze.The  development  of  high  strength  bonding  between  braze  and 
ceramic  results.The  ceramic-braze  interface  was  studied  using  scanning 
electron  microscopy  (SEM).The  nature  of  the  interfacial  reactions  and  the 
reaction  products  have  been  identified  using  x-ray  diffraction  (XRD).The 
progress  of  the  reaction  has  been  followed  using  differential  thermal 
analysis  (DTA) 

The  experimental  results  have  been  correlated  with  thermodynamic 
predictions  of  the  reaction  process.ln  addition  to  joining  ceramic  to 
ceramic,  braze  joints  of  AIN  to  copper  and  to  a  low  expansion  iron-nickel 
lead  frame  alloy  were  made. 


co-fired  tungsten-aluminum  nitride  metallization  system 
is  not  currently  available.  Using  a  variety  of  electron 
optical  and  analytical  techniques,  we  have  performed 
mlcrostructural  and  microchemical  studies  on  both 
cofired  thick  film  tungsten/AIN  Interfaces,  and  on 
AIN  substrates  containing  Y.Q, ,  CaWO,  and  WO,  as 
sintering  aids.  Based  on  these  results,  a  model  is 
proposed  to  explain  the  reaction  sequence  and  the 
nature  of  the  bonding  mechanism  that  produces  adhesion 
at  the  tungsten-aluminum  nitride  metallization 
Interface.  The  effect  of  the  morphology  and 
microchemistry  at  the  interface  region  on  thermal 
resistance  at  the  interface  will  also  be  discussed. 


K5.5 

LOW  TEMPERATURE  SILVER-GLASS  DIE  ATTACH  MATERIAL.  Mark 
Blocker  and  My  N.  Nguyen,  Johnson  Matthey  Electronics, 
San  Diego,  California. 

A  new  silver-lead  vanadate  glass  die  attach  material  is 
discussed.  Its  sintering  characteristics  is  examined  by 
di 1 atometry  and  electron  microscopy.  Sintering  is  found 
to  occur  at  lower  temperature  than  conventional  silver- 
glass  system.  This  is  caused  by  the  reaction  between 
silver  and  one  of  the  glass  component  during  the  heat 
treatment.  The  sintering  characteristics  can  be  altered 
using  appropriate  additives  leading  to  crack  free  die 
bonding  without  sacrificing  adhesion. 

The  new  glass  combined  with  a  more  volatile  organic 
system  has  produced  a  single  pass  die  attach  material 
which  can  be  fired  at  temperature  as  low  as  360  C.  In 
addition,  the  sintering  rate  is  controlled  by  additives 
to  provide  the  stress  relief  for  large  area  dice. 

K5.6 

FAST  FIRING  OF  A  LOW  TEMPERATURE  DIELECTRIC  BASED  ON  LEAD 
MAGNESIUM  TUNGSTEN  ZIRCONATE  TITANATE;  S.  Mansfield,  A.M. 
Barus,  S.M.  Landin,  J.A.T.  Taylor.  New  York  State  College 
of  Ceramics  at  Alfred  University,  Alfred,  NY  14802 

The  possibility  of  fast  firing  a  relaxor  dielectric  to 
mitigate  the  lead  loss  and  reduce  the  cost  of  sintering 
has  been  investigated.  A  binder  burnout  prefire  is 
required  to  prepare  the  tape  cast  laminates  for  fast 
firing.  The  dielectric  formulation,  Pb(Mn  3JNb  fl)  0J 
(Mg  jW  5)  4|Zr  jjTi  J703  shows  superior  properties  when 
fired  conventionally,  if  processing  procedures  area 
carefully  controlled,  including  using  the  columbite 
precursor  method  to  avoid  the  creation  of  excess 
pyrochore.  The  data  from  X-ray  diffraction,  scanning 
electron  microscopy  and  impedance  analysis  at  various 
temperatures  and  frequencies  are  presented  for  various 
fast  firing  profiles. 


K5. 4 

THE  MICROSTRUCTURE  AND  MICROCHEMISTRY  OF  TUNGSTEN  AND 
TUNGSTEN  COMPOUND  REACTIONS  WITH  ALUMINUM  NITRIDE. 
Alistair  D.  Westwood  &  Michael  R.  Notia,  Dept,  of 
Materiala  Science  &  Engineering,  Whicaker  Lab  #5, 
Lehigh  University,  Bethlehem,  PA  18015 

A  clear  understanding  of  the  bonding  mechanism  In  the 
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K5.7 


DENDRITIC  FORMATION  AND  GROWTH  OF  Si  IN  THE  cu  Si 
MATRIX  INDUCED  BY  ION  IRRADIATION  AND  THERMAL  1 
ANNEALING.  JIAN  LI,  S. RUSSELL  AND  J  W  MAYER 
Depa i tmen t  o £  Materials  and  Engineering,  Cornell 
University,  1 thaca , NY1 48 53 , USA . 

S\bi^ye/,Sam?leS  With  overa11  compositions 
- / 51  '  1  ,  determined  by  Rutherford 

k  scat  te  r i ng  spec t tome te r , have  been  irradiated 
100m  temperature  to  a  dose  of  5X101  5  Kr/crtp  . 
ei  irradiation,  transmission  electron 
roscopy  (TEM)  resultes  showed  that  the  Cu  Si 
se  was  formed  between  the  Cu  and  amorphous  Si 
m.  Subsequent  room  temperature  aging  led  to 
formation  of  dendritic  patterns'in  the  Cu, Si 
rix.  These  dendritic  patterns  were  identified 
amorphous  Si  precipitates.  Upon  further 
ealing  at  450-C,  these  dendritic  patterns 
nch  out  at  the  tips.  The  TEM  results  showed 
t  the  new  branches  of  Si  dendritic  patterns 
crystalline  and  the  original  dendritic 
terns  remained  amorphous.'  The  kinetics  of  the 
diitic  growth  and  the  recrystallization  of 
tphcus  Si  in  the  Cu.Si  matrix  have  been 
died. 
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K5.8 

OXIDATION  OF  PB-SN  AND  PB-SN-X  ALLOYS:  BULK  VS 
GRAIN  BOUNDARY  REGIONS.  D . A .  Sluzewskl  Y  a’ 
Chang,  Department  of  Materials  Science  and 

Engineering,  University  of  Wisconsin-Madi son 
Madison,  WI  53706,  and  V.C.  Marcotte,  IBM 
General  Technology  Division,  East  Fishkill 
Facility,  Hopewell  Junction,  NY  12533. 

vacuum  fatigued  pb-Sn  alloys  show  marked 

increase  in  fatigue  life  when  compared  with  air 
fatigued  samples.  Oxygen  interactions  at  the 
grain  boundaries  appear  to  play  a  role  in 
lifetime .  For  these  reasons,  the 
oxidation  behavior  of  Pb-Sn  and  Pb-Sn-X  single 
phase  alloys  was  characterized  using  a  scanning 
Auger  multiprobe  (SAM)  system.  usinf 
conventional  Auger  spectroscopy  combined  with 
argon  ion  sputtering,  the  compositions  and 
thickness  of  the  surface  oxides  for  various 
times  and  temperatures  were  determined. 

.  the  sma11  bea“  si*®  (“0.1  micron)  of 
the  SAM,  the  regions  at  the  grain  boundaries 
►  i  **anuned-  .  BY  combining  these  techniques, 
the  r  oxidation  behavior  of  the  bulk  and 

grain  boundary  regions  will  be  illustrated. 


K5 . 9 

NEW  TYPE  POLYIMIDE  FOR  MULTI  CHIPS  MODULE  APPLICATION 
HNSATOU,  D.MAKINO,  T.KIKUCHI ,  AND  T.SAITO.  HITACHI 
CHEMICAL  COMPANY  LTD.,  IBARAKI  JAPAN 

In  this  paper  we  will  describe  a  new  type  low  dielectric 
constant  poiymide  for  Multi  Chips  Module  application. 

'.’s  “ell  known.  Fluorine  containing  polyimide  indicates 
low  dielectric  constant,  however  one  disadvantage  is 
weak  resistance  to  solvent  compared  to  aromatic  tvoe 
polyimide. 


New  type  polyimide  shows  2.7  as  dielectric 
has  the  strong  solvent  resistance  by  using 
ltetracar boxy lie  Dianhydride  as  a  new  acid 


constant  and 

p-Terpheny- 

moncmer. 


K5.10 

Complexities  of  Copper  Thick  Film  Processing  for 
Multi-layer  Microcircuits. 

Dr.  Ronald  P.  Anjard,  Director/CPT 

While  thick  film  materials  have  been  used  in  microcircuits 
for  over  15  years,  the  use  of  copper  has  been  a  long 
desired  alternative  to  the  precious  metal  systems  such  as 
gold,  platinum-gold,  palladium*- silver  and  others,  on  both 
functioned,  and  cost  basis. 

However,  there  have  been  numerous  major  technological 
considerations  which  have  greatly  impacted  the  replacement 
of  these  precious  metal  systems  with  copper.  Complicating 
this,  in  recent  years  there  has  been  the  added  technology 
of  multi-level  microcircuits  using  the  thick  film  technology. 
In  this  case  multiple  layers  are  developed  with  intermediate 
barriers  as  well  as  special  interconnections.  These 
added  operations  have  further  complicated  the  effective 
utilization  of  thick  film  copper  materials.  At  this 
point  in  time,  very  few  multi-level  thick  film  manufacturers 
use  copper  as  an  effective  alternative.  This  paper  will 
deal  with  technical  and  quality  factors  affecting  and 
allowing  the  utilization  of  copper  thick  film  systems  in 
complex  multi-level  circuits  as  well  as  the  mere 
traditional  yet  high  volume  single  layer  thick  film 
circuit  systems. 

K5.1I 

INFLUENCE  OF  FIRING  GAS  PRESSURE  ON  THE 
MICROSTRUCTURE  AND  THERMAL  CONDUCTIVITY  OF  AIN 
CERAMICS,  E.  Udagawa*,  H.  Makihara,  N.  Kamehara, 
and  K.  Niwa,  Fujitsu  Laboratories  Ltd.,Morinosato- 
Wakamiya  10-1,  Atsugi,  Japan 

The  thermal  conductivity  of  AIN  is  significantly 
affected  by  its  purity.  In  particular,  a  small 
amount  of  oxygen  decreases  thermal  conductivity. 

We  used  CaC03  as  an  additive  to  decrease  oxygen 
impurity.  Calcium  alminate  (CaxAlyOz)  is  formed  by 
the  reaction  of  AI2O3  and  CaO  during  firing.  We 
investigated  the  influence  of  gas  pressure  during 
firing  on  the  microstructure  and  on  the  thermal 
conductivity  of  AIN  ceramics.  Thermal  conductivity 
exceeded  260  W/m  K  was  obtained,  with  a  firing 
pressure  of  700  kPa.  This  value  is  a  30%  higher 
than  that  obtained  at  atmospheric  pressure.  And 
remaining  oxygen  take  a  minimum  value  at  same 
pressure.  We  confirmed  that  the  composition  of  the 
remaining  impurity  is  C3A(3CaO  AI2O3). 
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K5.12 

ION  EXCHANGE  REACTION  IN  A  THIN  FILM  OF  POLYIMIDE. 
Yoshiro  Akagi,  Manko  Ishino,  Yasunan  Okamoto, 
Hiroshi  Taniguchi,  Koh}i  Ooka,  Voshiharu  Nakagima, 
Sharp  Corporation,  Corporate  R&D  Group,  Tenri, 
Nara,  632  JAPAN 

polyimide  resin  is  now  widely  used  at  various 
fields  in  electronic  applications  because  of  its 
stability  against  temperature.  This  material 
generally  serves  as  a  dielectric  insulator  between 
circuit  electrodes.  Usually,  the  dielectric  layer 
has  been  exposed  to  a  number  of  wet  chemical 
processes  including  immersion  in  organic  solvents 
and/or  in  aqueous  solutions. 

We  examined  a  relationship  between  imidif ication 
of  polyimide  and  adsorption  of  sodium  ion  in  thin 
films  of  polyimide.  Samples  of  aromatic  polyimide 
with  and  without  siloxane  modification  were 
prepared  by  spin-coating  method  on  silicon  wafers, 
followed  by  ring-condensation  at  high  temperatures 
above  and  below  2001.  Then  thin  films  of  polyimide 
of  about  1 OOnm  whose  imidification  were  previously 
determined  by  ir  absorption,  were  soaked  in  dilute 
aqueous  solution  of  sodium  hydroxides.  Adsorbed 
quantit-i  y  of  sodium  ion  was  determined  by  various 
methods,  such  as  atomic-absorption  method. 

From  above  experiments,  obvious  correlation 
between  degree  of  imide-r mg-condensation  and 
adsorbed  quantity  of  sodium  ion  was  found  in  both 
types  of  polyimide  resin. 

These  correlation  cannot  be  explained  only  by  a 
simple  adsorption  or  permeation,  but  should  be 
interpreted  by  chemical  ion-exchange-reaction 
between  sodium  ion  and  remaining  carboxyl -group  of 
uncondensed  polyamic  acid. 


K6.1 

ALUMINUM  NITRIDE:  A  REVIEW  OF  THE  KNOWLEDGE  BASE 
FOR  PHYSICAL  PROPERTY  DEVELOPMENT.  G.R.  Miller. 
The  Carborundum  Company,  Phoenix,  AZ. 

Aluminum  nitride  has  generated  a  great  amount  of 
interest  in  both  the  research  and  business 
communities  because  of  its  high  thermal 
conductivity  and  relatively  good  electrical 
insulation  properties.  Its  use  in  microelectronic 
packages  requires  a  detailed  understanding  of  the 
raw  material  -  process  -  property  relationships  so 
as  to  fit  within  the  complex  constraints  demanded 
in  packages.  This  paper  presents  a  status  report 
of  the  public  knowledge  base  for  developing  the 
requisite  properties  of  aluminum  nitride  for 
advanced  electronic  packages.  Emphasis  is  given 
the  use  of  standard  materials  science,  social 
state  physics  and  physical  chemistry  tools  in  the 
development  and  understanding  of  microstructures, 
thermal  conductivities,  electrical 
characteristics,  and  mechanical  properties  of  this 
'’••itorial .  Additionally  of  some  of  the  surface 
characteristics  of  this  material  as  relates  to  the 
aluminum  nitride/metal  interface  are  discussed. 


K6.2 

TEMPERATURE  DEPENDENCE  OF  THE  THERMAL  CONDUCTIVITY 
Or  ALUMINUM  NITRIDE  SUBSTRATES:  MEASURING  AND 
MODELLING  EFFECTS  OF  MICROSTRUCTURE  AND  IMPURITIES 
Ralph  B.  Dinwiddle  and  David  G.  Onn,  Applied  Thermal 
Physics  Laboratory  Department  of  Physics  i 
Astronomy,  University  of  Delaware,  Newark,  DE  19716 

For  several  years  now  aluminum  nitride  has  been  a 
prime  candidate  material  for  thermal  management 
applications  in  advanced  electronic  packaging.  The 
il  jii  thermal  conductivity  of  pure  single  crystal  AIN 
is  not  easily  achieved  in  a  sintered  substrate 


although  some  commercial  products  are  now  exceeding 
50%  of  the  single  crystal  value.  The  room 
temperature  thermal  conductivity  is  inhibited 
primarily  by  impurities  but  is  also  affected  by 
grain  size  effects.  In  order  to  clearly  separate 
these  effects  we  have  measured  the  in-plane  thermal 
conductivity  of  a  comprehensive  set  of  experimental 
and  commercially  available  AIN  substrates  between 
20  K  and  500  K  (-250  C  to  230  C)  using  a  precision 
Guarded  Longitudinal  Bar  method.  Comparison  with 
our  own  out-of-plane  Laser  Flash  values  indicates 
the  substrates  are  thermally  isotropic.  The 
temperature  dependent  thermal  conductivity  data  is 
analyzed  using  a  non-linear  least-sguares  fit  to  the 
KLemens-Callaway  model  the  parameters  of  which 
include  crystallite  size  and  impurity  concentration. 
The  resulting  crystallite  size  and  impurity 
parameters  are  compared  with  values  obtained  from 
such  material  characterization  techniques  as  SEM, 
XRD  and  PIXE. 


K6.3 

TEMPERATURE  DEPENDENCE  OF  THERMAL  CONDUCTIVITY  OF 
ELECTRONIC  CERAMICS  BY  AN  IMPROVED  FLASH  DIFFUSIVITY 
TECHNIQUE,  R.C.  Enck  and  R.D.  Harris,  BP  Research,  Cleveland, 
OH  44128. 

The  thermal  conductivity  of  ceramic  materials  used  tor  1C  substrates 
and  packages  has  increased  in  importance  as  chip  sizes  have 
decreased  and  heat  loads  have  risen.  AIN  (room  temperature  (RT) 
thermal  conductivity  (X)  greater  than  200  W/m  K)  and  BeO  (X(RT)  - 
260  W/m  K)  are  the  major  candidates  for  applications  demanding  high 
conductivity.  Conflicting  reports  of  the  temperature  dependences  of  X 
for  these  materials  over  the  range  of  interest  for  packaging  use  (< 
200°  C)  have  been  published,  with  some  reports  suggesting  a 
crossover  in  X.  These  reported  differences  may  be  due  to  the 
reported  problems  in  measuring  X  in  AIN  using  the  flash  diffusivity 
method.  For  the  present  experiments,  we  have  used  a  new  long 
wavelength  laser  flash  diffusivity  system  which  has  been  shown  to 
determine  thermal  diffusivity  to  better  than  ±  3%  for  AIN  with  sample 
thicknesses  ranging  from  0.3  mm  to  5  mm.  No  absorbing  coatings  are 
required  and  no  correction  factors  are  needed  to  fit  the  data  to  theory. 
We  report  X  from  room  temperature  to  200°  C  for  AIN  from  the 
Cart>orur"!:im  Company,  a  member  of  the  BP  Group,  and  a  number  of 
other  cuniuieruial  sources,  and  for  BeO  and  SIC.  Over  this 
temperature  range,  the  thermal  conductivities  of  AIN  and  BeO  both 
show  linear  dependences  on  inverse  temperature.  The  slope  of  this 
dependence  increases  with  RT  thermal  conductivity  so  that  the  ratio  of 
BeO  to  AIN  thermal  conductivities  is  much  smaller  at  200°  C  than  at 
room  temperature.  No  crossover  in  the  thermal  conductivities  is 
observed.  Our  results  are  supported  by  recent  steady  state  heat  flow 
measurements  which  agree  with  our  thermal  conductivity  values  in 
regions  of  overlap  rather  than  with  previous  literature  values. 


K6.4 

STRUCTURE  AND  PROPERTIES  OF  C-AXIS  ORIENTED  AIN 
FILMS  REACTIVELY  DEPOSITED  BY  DC  PLANAR  MAGNETRON 
SPUTTERING.  T .  Takahashi  ,  Toyama  Umv.  ;  F.  Takeda . 
Toyama  Tech.  College,  Toyama,  JAPAN;  and  M.  Naoe , 
Tokyo  Institute  of  Technology,  Tokyo,  JAPAN. 

AIN  films  have  passivation,  insulating  and  high 
thermal  conductive  properties.  It  is  very  impor¬ 
tant  to  investigate  effects  of  depositing  condi¬ 
tions  on  the  structure  and  the  properties  of  AIN 
film  from  the  viewpoint  of  packaging  design  and 
reliability,  AIN  films  have  been  deposited  by 
reactive  DC  planar  magnetron  sputtering  at  a  low 
substrate  temperature  of  80‘C.  An  A1  disk  and 
either  N2  or  NH3  were  used  as  a  target  and  an 
ambient  gas,  respectively.  In  films  deposited  in 
N2  ,  the  c-axis  of  AIN  crystallites  whose  sizes 
decreased  from  450  to  300  X  with  increasing  N2 
pressure  from  0.3  to  40  mTorr  was  perpendicular  to 
the  film  plane.  On  the  other  hand,  in  NHj  ,  the 
c-axis  of  crystallites  whose  sizes  increased  from 
150  to  200  X  with  increasing  NHj  pressure  from  0.3 
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to  40  mTorr  was  parallel  to  the  film  plane.  The 
surface  and  the-  cross-sectional  microstructures 
of  AIN  films  deposited  in  N2  were  significantly 
different  froa  that  deposited  in  NHj  .  The  surface 
of  filas  deposited  in  NHj  was  3aoother  than  that 
deposited  in  N2  .  The  transaittance  of  films  depo¬ 
sited  in  NH3  was  superior  to  that  in  N2  in  wave 
length  of  275-*- 450mu  .  The  resistivity  of  filas 
deposited  in  N2  and  in  NHj  were  10“-'- 10*  n-ca. 
Dielectric  constants  of  filas  deposited  in  N2  and 
that  in  NH3  were  9.7  and  9,  respectively,  in  the 
frequency  range  of  20  kHz  to  20  MHz.  The  struc¬ 
ture  and  the  properties  of  AIN  filas  deposited  by 
this  aethod  depended  on  a  kind  of  ambient  gas. 

K6.5 

ON  THE  STRUCTURE  OF  PLANAR  DEFECTS  IN  ALN. 
Smart  McKeman  and  C.Barry  Carter,  Department  of  Materials  Science 
.ind  Engineering.  Cornell  University,  Ithaca,  NY  14853 

Aluminum  nitride  is  of  great  interest  as  a  modem,  electronic  packaging 
material.  The  mechanical  strength,  high  thermal  conductivity  and  electrical 
resistivity  of  AIN  and  the  relatively  small  thermal  expansion  coefficient 
make  this  material  extremely  well  suited  as  a  semiconductor  substrate 
material.  It  has  the  hexagonal,  wurtzite  structure  rather  than  the  cubic 
structure  more  common  in  commercial  semiconductors,  and  is  also  a  polar 
material.In  polycrystalline,  sintered  AIN  material,  several  different  planar 
defects  have  previously  been  identified.  Anti-phase  boundaries  (which 
have  the  same  configuration  as  basal  twins)  and  stacking-faults  have  been 
identified  in  this  material.  More  complex  "dome-like  defects"  have  also 
been  reported.  The  association  of  oxygen  impurities  with  these  extended 
defects  has  been  proposed. 

The  "dome-like  defects"  have  been  observed  to  lie  on  the  (0001)  plane  and 
two  (1011)  planes;  these  are  all  polar  planes  in  this  structure.  The  bonding 
across  the  planes  that  form  these  defects  will  be  either  all  Al-Al  bonds  or  all 
N-N  bonds.  Convergent  beam  electron  diffraction  experiments  have  been 
performed  at  the  ( 1 120)  orientation  on  either  side  of  the  defect  planes.  By 
comparing  the  intensity  distribution  in  the  CBED  patterns  with  calculated 
diffraction  patterns  the  absolute  orientation  of  the  AIN  may  be  determined. 
Models  for  the  different  possible  configurations  of  these  interfaces  will  be 
presented,  and  the  possibility  of  oxygen  inclusion  at  these  defects,  for 
example  by  forming  an  Al-O-AL  layer  at  the  interface,  will  be  discussed. 


K6 .6 

PLANAR  AND  CURVED  DEFECTS  IN  ALUMINUM  NITRIDE:  THEIR 
MICROSTRUCTURE  AND  MICROCHEMISTRY .  Alistair  D.  Wear  wood 
and  Mlchaal  R.  Noels,  Dapartmant  of  Matarlala  Sclanca  & 
Engineering,  Whi taker  Lab  #5,  Lehigh  University, 
Bethlehem,  PA  18015. 

A  mlcrostructural  and  sicrochemlcal  analysis  of  planar 
and  curved  defects  In  aluminum  nitride  will  be 
discussed,  highlighting  the  similarities  and  differences 
betveen  these  two  types  of  defects.  The 
cryscallographlc  nature  of  these  defects  has  been 
Investigated  using  CTEM  and  CBED  techniques,  shoving 
them  both  to  be  Inversion  boundaries.  The  rigid 
body  translation  at  the  Interface  has  been  studied 
In  both  defect  types. 

A  mlcrochemlcal  analysis  of  the  two  defect  types 
reveals  segregation  of  oxygen  to  th'a  planar  defect,  but 
no  segregation  effects  vers  seen  at  the  curved  defect. 

Analysis  of  unslntered  aluminum  nitride  povdar,  and 
Che  structural  and  chemical  studies  reportsd  here  have 
led  Co  a  proposed  model  for  the  formation  of  thasa  tvo 
types  of  defects.  The  effect  of  these  defects  on 
charmal  conductivity  will  also  be  discussed. 


K6.7 

Inversion  Domain  Boundaries  and  Oxygen 
Accomodation  in  Aluminum  Nitride  R.A.  Ynunymsn  and 
J.H.  Hams,  BP  Research,  Cleveland,  OH;  P.A.  Labun  and  RJ.  Graham, 
Arizona  State  University,  iempe,  AZ. 

Aluminum  nitride  is  known  to  have  a  large  affinity  for  oxygen  as  an 
impurity.  At  high  levels  (>-4wt/o)  the  oxygen  is  incorporated  in  the  form 
of  planar  stacking  faults  where  "pure"  2H  AIN  is  regularly  interspersed  with 
a  layer  of  oxygen  at  the  faults1.  At  oxygen  levels  lower  than  -4wt/o  the 
structure  is  thought  to  consist  of  "pure"  2H  AIN  interspersed  with  a  random 
distribution  of  such  oxygen  containing  stacking  faults2.  Liquid-phase 
sintering  of  aluminum  nitride  often  produces  a  final  microstructure 
containing  a  high  density  of  inversion  domain  boundaries3(lDBs)  and  few 
(if  any)  stacking  faults.These  boundaries  are  significantly  aplanar 
(indicating  a  low  interface  energy),  and  often  have  precipitates  and  other, 
faceted  defects  associated  with  them.  We  have  investigated  these  defects 
both  structurally  and  chemically  by  election  optical  methods  (TEM,  STEM, 
HREM,  CBED,  EDS,  and  EELS).  The  structural  nature  of  the  boundaries, 
in  the  absence  of  oxygen,  requires  Al-Al  and/or  N-N  bonds  to  occur  with 
some  frequency  across  the  boundary.  Such  bonding  is  unlikely  due  to  the 
excess  energy  required.  Chemical  analysis  (EELS)  reveals  that  oxygen  is 
often  associated  with  the  boundaries  and  may  mediate  the  bonding  at  the 
boundary.  A  model  is  proposed  for  the  1DB  which  includes  structural 
aspects  combined  with  considerations  of  stoichiometry  in  an  effort  to 
understand  the  origin  and  energetics  of  this  defect 

K6.8 

THE  LOAD  DEPENDENCE  OF  Ti/Al  0-  AND  Ti/AIN  INTERFACIAL 
CRACK  PROPAGATION.  Tao_Liu , ^Michael  R.  Notia,  and  Y.  T. 
Chou,  Dapartmant  of  Matarlala  Sclanca  &  Engineering, 

Lehigh  University,  Bethlehem,  PA  18015. 

The  Ti/Al.0,  system  is  Important  in  microelectronic 
applications  where  T1  la  usad  for  thin  film  metallization 
on  poly crystalline  A1.0,  (or  single  crystal  sapphire) 
substrates.  Mora  recently  Interest  has  also  been  shown 
in  the  T1/A1N  system  for  applications  requiring  higher 
thermal  conductivity.  Both  of  these  systems  are 
chemically  reactive  with  intermediate  phases  forming 
at  the  interface.  In  this  report,  a  Nikon  QM  high 
temperature  mlcrohardnesa  tester  is  used  to  measure 
the  fracture  toughness,  at  elevated  temperatures,  of  the 
interface  between  a  thin  T1  film  and  the  substrate.  The 
temperature  effects  on  adhsalon  are  now  balng  studied. 

In  addition,  a  nenolndentor  is  being  employed  to  explore 
Interfacial  crack  propagation  betveen  the  T1  thin  film 
and  the  substrate  materials.  Creek  propagation  at  or 
near  the  Interface  is  investigated  as  a  function  of 
indentation  load,  and  the  mechanisms  that  trigger  this 
ersek  propagation  art  proposed. 

K6.9 

THICK  FILM  METALLIZATION  OF  ALUMINUM  NITRIDE.  M, 
Oram  Norton.  Brian  C.  H.  Sieele.  Department  of  Maierials,  Imperial 
College  of  Science  ,  Technology  and  Medicine,  Prince  Consort  Road. 
London,  SW72BP,  England. 

A  widely  used  technique  to  metallize  substrates  for  electronic  packaging 
applications  is  thick  film  technology.The  interaction  between  commercial 
thick  film  materials  and  aluminum  nitride  (AIN)  has  been  undertaken  and 
an  in  depth  investigation  of  the  glass/  ceramic  reactions  which  occur  in  frit 
bonded  films. The  experimental  results  have  been  correlated  with 
thermodynamic  predictions  of  the  reaction  processes.The  standard  glasses 
were  found  to  react  with  the  substrate  causing  blistering.foaming  or 
dewetting.FoIlowing  from  these  studies  a  model  glass  system  was 
developed  and  reactions  of  this  glass  with  AIN  have  been  investigated 
using  scanning  electron  microscopical  techniques  and  hot  stage 
microscopy  .Thick  film  inks  have  been  developed  using  this  glass  system 
which  are  compatible  with  AIN  substrate1:. 
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K7 . 1 

ELECTROLESS  METAL  DEPOSITION  -  CHALLENGES  A 
OPPORTUNITIES  R.  Jagannathan  and  M.  Krishnan, 
Electrochemical  Processes  Group,  IBM  T.J. Watson  Research  Cen¬ 
ter  Yorktown  Heights,  N.Y.  10398 

Applications  of  electroless  deposition  of  metals  in  microelectronic 
industry  have  become  increasingly  attractive  due  to  several  impor¬ 
tant  considerations  such  as  process  simplicity  and  cost  effectiveness. 
Many  applications  in  advanced  packaging  technologies  demand 
more  stringent  requirements  in  terms  of  material  compatibility, 
quality  of  metallurgy  and  process  performance.  This  development 
has  provided  excellent  opportunities  for  inventing  new  concepts  and 
ideas  in  developing  electroless  processes  that  can  meet  the  chal¬ 
lenges.  This  presentation  reviews  the  present  state  of  the  art  in 
electroless  deposition  of  metals  pertaining  to  high  performance 
packaging.  An  overview  of  the  major  challenges  will  also  be  dis¬ 
cussed. 


K7 . 2 

ELECTROLESS  PLATING  OF  COPPER  INTERCONNECTIONS 
ON  ION  BEAM  CATALYZED  POLYIMIDE.  T.  Flottmann. 
A.  Tulke,  E.  Esper,  W.  Lohmann,  Akzo  Research 
Laboratories,  8753  Obernburg,  Fed.  Rep.  Germany 

Additive  plating  of  interconnections  on  printed 
wiring  boards  is  gaining  attention  as  fabri¬ 
cation  technology.  It  can  be  combined  with 
physical  techniques,  such  as  laser  or  ion  beam 
irradiation,  to  obtain  fine-line  conductor 
patterns  without  employing  conventional  photo¬ 
resist  processes. 

In  this  paper  an  ion  beam  resist  method  is  pre¬ 
sented.  Decompositon  of  a  palladium  compound  by 
ion  irradiation  has  been  used  to  catalyze 
electroless  plating  on  polyimide. 

First  palladium-acetylacetonate  or  -acetate  is 
spin-coated  on  a  polyimide  substrate.  The  thin 
resist  film  is  then  irradiated  through  a  mask 
with  He  or  Ar  ions  at  100  KeV  energy .  After 
washing  off  the  film  parts  which  were  not 
exposed  to  the  ion  beam,  copper  is  deposited  on 
the  catalyzed  polyimide  substrate  in  an  alkaline 
electroless  plating  bath.  When  using  alkaline 
resistant  polyimide,  several  microns  thick 
copper  lines  can  be  plated. 

The  chemical  surface  composition  of  the  Pd- 
compounds  after  ion  beam  exposure  has  been 
investigated  with  EScA.  It  has  been  found  that 
metallic  Pd  can  be  formed  with  a  high  concen¬ 
tration.  Pd-acetate  is  more  effective  to  form 
catalytic  sites  than  Pd-acetylacetonate . 


K7  .  i 

REAL-TIME  INVESTIGATION  OF  SOLID  AND  LIQUID 
STATE  REACTIONS  IN  AU-SN/CU  SYSTEM.  Sevong  Oh.  Igor 
Y.  Khandros,  IBM  TJ.  Watjon  Research  Center,  Yorktown  Heights, 
NY;  and  Janet  L.  Poetzinger,  IBM  GTD,  Hopewell  Junction,  NY. 

Joining  with  eutectic  Au-Sn  alloy  is  of  interest  when  solder  hierarchy 
is  involved.  This  study  addresses  kinetics  of  transformations  in  Au-Sn 
system,  and  liquid  and  solid  state  reactions  with  Cu. 

For  that  purpose,  a  real-time  X-ray  analysis  technique  has  been  de¬ 
veloped  and  employed  for  in-situ  investigation  of  reactions  in 
Au-Sn/Cu  system  as  a  function  of  temperature.  The  specimens  were 
mounted  on  the  automated  goniometers  lor  uncoupled  scan  and 
heated  with  hot  helium  gas.  Count  rate  vs.  time  at  76  corresponding 
to  major  diffraction  peaks  was  used  for  monitoring  phase  transfor¬ 
mation. 

Typically,  I  <im  eutectic  Au-Sn  films  were  deposited  on  1.5  n m  Cu 
layers  on  Si  wafers.  Phase  changes  of  Au-Sn  films  on  Cu  from  room 
temperature  to  above  the  eutectic  point,  then  to  room  temperature 
have  been  investigated. 


Au  and  AuSn,  major  phases  in  as-deposited  condition,  turned  to 
Au,Sn  and  AuSn  as  temperature  increased,  and  formed  Cu-Sn  inter- 
metallics  above  the  eutectic  temperature.  Diffusion  of  Cu  into  Au-Sn 
layer  during  the  heating  increased  melting  point.  Dissolution  of  Cu 
in  liquid  Au-Sn  as  well  as  solid  state  diffusion  turned  binary  Au-Sn 
into  ternary  Au-Sn-Cu  and  created  Cu-Sn  intermetallics.  The  effect 
of  heating  rate  on  the  melting  temperature  of  the  bilayer  structure  and 
the  underlying  reactions  will  be  discussed. 

K7.4 

OXIDATION  KINETICS  OF  (Pb.In)  SINGLE-PHASE  ALLOYS. 
M.-X.  Zhang.  Y.  A.  Chang,  Department  of  Materials  Science  and 
Engineering,  University  of  Wisconsin- Madison,  Madison,  WI  53706, 
ana  V.  C  Marcotte,  IBM  General  Technology  Division,  East  FishkiU 
Facility,  Hopewell  Junction,  NY  12533 

The  solid  state  oxidation  kinetics  of  Pb-In  single-phase  alloys  was 
studied  with  AES  (Auger  Electron  Spectroscopy)  depth  profiling 
technique.  The  samples  containing  3,  30  and  64  at%  In  were 
oxidized  in  air  from  room  temperature  up  to  275*  C.  At  room 
temperature,  the  oxidation  for  all  the  three  compositions  was  found 
to  obey  the  logarithmic  law.  With  increasing  the  temperature,  the 
kinetics  change  from  logarithmic  to  parabolic  benavior.  The 
transition  for  Pb-3  at%  In  alloys  occurs  between  150*  C  to  175*  C, 
while  the  transition  for  Pb-30  at%  In  and  Pb-64  at%  In  alloys  occurs 
below  100*  C 


K7.5 

PHASE  STABILITY  AND  MECHANICAL  BEHAVIOR  OF 
TERNARY  BISMUTH-LEAD-TIN  SOLDERS.  W.  J.  Whealon.  D. 
S.  Stone,  Y.  A.  Chang,  Department  of  Materials  Science  and 
Engineering,  University  of  Wisconsin,  Madison,  WI  53706. 

A  phase  stability  study  of  the  Pb-Sn-Bi  ternary  system  and 
mechanical  testing  of  the  Pb-Sn-Bi  eutectic  alloy  (52.5%  Bi-32% 
Pb-15.5%  Sn)  were  done.  A  ternary  phase  (X)  was  found  to  form  at 
103*  C  by  means  of  a  Class  III  type  reaction.  The  ternary  eutectic 
composition  consists  of  Sn,  Bi,  and  X  (v  54%  Pb-42%  Bi-4%  Sn)  in 
equilibrium  in  a  temperature  range  from  its  formation  temperature 
(96*  C)  to  78’ C-  At  78*  C  the  X  phase  decomposes  eutectoidaliy 
into  Sn,  Bi,  and  fi  with  fi  being  the  peritectic  phase  seen  in  the  Pb-Bi 
binary  system.  These  transformations,  and  particularly  the 
difference  in  composition  of  the  equilibrium  phases  of  the  ternary 
eutectic  at  different  temperatures,  lead  to  marked  changes  in  the 
mechanical  properties  of  this  electronic  solder  alloy  on  cooling. 
Upon  solidification,  and  before  cooling,  the  solder  behaves  in  a 
brittle  manner,  showing  no  ductility,  with  a  cleavage-type 
relationship  between  the  fracture  surface  and  dentrites  formed 
during  solidification.  Holding  the  solder  at  above  78*  C  does  not 
decrease  the  brittleness  shown.  After  cooling  to  room  temperature 
the  solder  behaves  extremely  ductily,  possibly  even  superplastically. 
Upon  reheating  to  above  78*  C  the  solder  shows  a  subtle  loss  in 
ductility  although  brittle  fracture  does  not  occur.  It  is  concluded  that 
the  fragmentation  of  the  dendritic  solidification  structure  into  fine 
(1-5  pm)  equiaxed  grains  causes  the  dramatic  changes  in  the 
mechanical  behavior  of  this  solder.  This  fragmentation  is  caused  by 
the  solid  state  decomposition  of  the  Xphase  at  78* C  into  three 
phases  of  very  different  compositions.  Tnis  causes  precipitation  of 
very  fine  equiaxed  grains  which  prevent  an  easy  crack  path. 


K7.6 

CONTACT  REACTIONS  AT  THIN  FILM  ALUMINUM-TRANSITION 
METAL  INTERFACES :  Bernd  Schuhmacher  &  Uwe  Kbster, 
Department  of  Chemical  Engineering,  University  of 
Dortmund,  D-4600  Dortmund  50,  F.R.  Germany 

Contact  reactions  at  thin  film  A1 /TM  interfaces 
(TM  =  W,  Cr,  Co,  Zr  and  Ta)  have  been  studied  ty 
means  of  cross  sectional  transmission  electron 
microscopy.  In  all  cases  the  first  phase  formed  at 
the  interface  was  the  most  aluminum-rich  compound 
as  given  in  the  corresponding  phase  diagram:  In 
the  case  of  Al/W,  Al/Cr  as  well  as  Al/Co  contacts 
rather  smooth,  planar  growth  of  Ali2W,  A1 7Cr  and 
AloCo2,  respectively,  has  been  observed;  parabo- 
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lie  growth  rates  indicate  a  diffusion  controlled 
reaction.  On  the  other  hand,  Al/Zr  and  Al/Ta  con¬ 
tacts  exhibit  a  rather  irregular  growth  morphology 
of  Al,Zr  and  AlaTa,  respectively. 

In  addition  the  precipitation  behavior  of  rapidly 
solidified  supersaturated  solid  solutions  upon 
thermal  annealing  has  been  studied,  in  order  to 
get  a  better  insight  on  preferred  orientation 
relationships  between  the  aluminum  matrix  and  the 
aluminides  as  well  as  on  the  influence  of  defects, 
e.g.  grain  boundaries. 

Based  on  the  observed  morphologies  and  orientation 
relationships  as  well  as  on  the  kinetics  of  the 
reaction  a  model  will  be  proposed  for  the  differ¬ 
ent  modes  of  interfacial  reactions,  i.e.  planar  or 
irregular  growth. 

K7 . 7 

RESIDUAL  STRESSES  IN  FI  LAMENT- EVAPORATED  ALUMINUM 
FILMS  ON  SINGLE  CRYSTAL  SILICON  WAFERS.  Hal  Woong 
Park  and  Scavn  Danvluk.  University  of  Illinois  at 
Chicago,  Dopartaane  of  Civil  Engineering,  Mechanics, 
and  Metallurgy,  P.O.  Box  4348,  MC:  246.  Chicago, 

Illinois  60680. 

Residual  and  thenaal  stresses  have  a  substantial 
Influence  on  the  daaage,  fracture  and  llfatlae  of 
electronic  components .  These  stresses  fora  during 
processing  of  individual  eoaponents  or  during  the 
operation  of  electronic  devices.  The  detection  and 
ellainatlon  of  residual  stresses  Is  therefore  critical 
to  the  reliability  of  electronic  packaging  aster lals. 

The  present  study  was  initiated  to  develop  a  non¬ 
destructive  lnterferoaetrlc  technique  (Shadow  Moire) 
to  aeesure  stresses  at  aatal/ceraalc  and  polyaer/ceraalc 
layered  structures  and  chip -to -package  Interconnections. 

The  Shadow  Moire  technique  has  bean  applied  to  a 
measurement  of  In -plane  residual  stresses  of  thin 
aluminum  fllas,  vapor  deposited  on  single  crystal 
silicon  wafers.  Stresses  were  determined  over  large 
spatial  areas  and  varying  geometries  In  order  to  modal 
the  stress  distributions  and  develop  the  technique  so 
that  chs  stresses  In  complicated  geometries  could  be 
measured.  For  example,  780  nanometers  thick  vapor 
deposited  aluminum  fllas  Increase  the  residual  stresses 
by  30Z;  these  stresses  vary  wl.h  position  on  the  wafer 
and  may  have  significant  effect  on  the  long-term  operation 
of  devices. 


distribution  at  a  given  time  while  the  maximum  hole  size 
controls  the  lifetime  of  that  particular  line.  The  cummulative 
failure  of  all  the  conductor  lines  shows  a  log-normal  like 
behavior  and  predicts  the  mean-time-to-failure  and  standard 
deviation.  Generally,  the  model  is  in  good  agreement  with 
experimental  observations. 

K7.9 

Inltrdiffmhn  of  Cu/Co,  Col  An  and  Cu/Co/Au  Thin  Films  P  Madakson  and  J  Liu 
IBM  Research  Division,  Thomas  J.  Watson  Research  Cenier.  Yorlaown  Heights, 
NY  10598. 

Thin  films  of  Cu/Co,  Co/Au  and  Cu/Co/Au  were  deposited  on  oxidized  silicon 
substrates  by  e-beam  evaporation.  They  were  annealed  at  temperatures  ranging 
from  300  to  550°  C  in  helium.  Detailed  analysis  was  carried  out  using  four-point 
probe  resistance  measurements  and  Rutherford  backscatiering  spectroscopy(RBS). 
No  interdiffusion  of  Cu/Co  or  Cu/Co/Au  was  observed  at  <400°C  but  severe 
intermixing  of  Co/Au  occurred.  This  was  found  to  be  associated  with  the  grain 
structure  of  the  films.  Larger  grains  result  in  low  diffusion  because  they  have  fewer 
grain  boundaries  which  are  favored  diffusion  paths  for  the  atoms. 


K7 .8 

ELECTROMIGRATION  IN  Tl<  X  FILMS  OF  Au  ON  GaAs. 

1*.  K.  Tang.  A.  G.  Millies,  Dei  l.  of  Electrical  and  Computer 
Engineering,  and  C.  L.  Bauer,  S.  Mahajan.  Dept,  of  Metallurgical 
Engineering  and  Materials  Sc,  nee,  Carnegie  Mellon  Univ. 
Pittsburgh.  f’A  15213 

Evolution  of  the  fractional  cliangt  of  electrical  resistance  aR/Rq 

in  thin  films  of  Au  on  (001 )  Gaks  has  been  investigated  as  a 
function  of  time  t,  temperature  T,  and  current  density  j. 
Initially  jR/Rq  increases  linearly  with  increasing  t  for  constant 

T  and  j,  and  exponentially  with  increasing  T  for  constant  t  and 
j.  An  analytical  model  based  on  formation  of  cylindrical 
hole/hillocks  at  grain  boundary  triple  junctions  due  to  atomic 
flux  imbalance  resulting  from  variations  of  grain  boundary 
inclinations  defining  triple  junctions,  and  variations  of  grain 
boundary  diffusivities,  is  developed  to  quantitatively  relate  the 
.iR/R  to  the  corresponding  microstructure,  (.'sing  a  Monte 

Carlo  method,  systems  of  a  large  number  of  conductor  lines, 
each  containing  a  certain  number  of  triple  junctions  whose 
inclinations  and  orientations  with  respect  to  the  current  are 
randomly  distributed,  are  simulated.  The  distribution  of  atomic 
liux  divergence  along  each  line  determines  xiR/R0  and  hole 
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SESSION  LI :  FUNDAMENTALS /MODELING 
Chairs:  B.  Gallois  and  F.  Rosenberger 
Wednesday  Morning,  November  29 
Essex  Northwest  (W) 

8:00  *L1 .1 

INTERESTS  AND  LIMITS  OF  THE  THERMODYNAMIC 
APPROACH  FOR  C.V.D.  PROCESSES,  C.  Bernard. 
Laboratoire  de  Thermodynamique  et  Physico- 
Chimie  Metallurgiques ,  Saint-Martin-d 'Heres , 
France;  and  R.  Madar,  Laboratoire  des 
Materiaux  et  du  Genie  Physique  ENSPG,  Saint- 
Martin-d'Heres ,  France. 

8:30  *L1 . 2 

PREDICTING  THE  CHEMISTRY  IN  CVD  SYSTEMS, 
K.E.  Soear.  The  Pennsylvania  State  Univer¬ 
sity,  Ceramic  Science  and  Engineering, 
University  Park,  PA. 

9:00  *L1 . 3 

MODELS  OF  CHEMICAL  REACTIONS  AND  TRANSPORT 
PROCESSES  UNDERLYING  CHEMICAL  VAPOR  DEPOSI¬ 
TION,  Klavs  F.  Jensen.  Massachusetts  In¬ 
stitute  of  Technology,  Department  of  Chemi¬ 
cal  Engineering,  Cambridge,  MA;  Dimitries  I. 
Fotiadis,  Erik  0.  Einset,  and  T.J. 
Mountziaris,  University  of  Minnesota,  De¬ 
partment  of  Chemical  Engineering  and  Mate¬ 
rials  Science,  Minneapolis,  MN. 

9:30  LI. 4 

GAS  PHASE  REACTIONS  RELEVANT  TO  CHEMICAL 
VAPOR  DEPOSITION:  NUMERICAL  MODELING, 
Buraess.  Jr.  and  M.R.  Zachariah,  National 
Institute  of  Standards  and  Technology, 
Center  for  Chemical  Technology,  Gaithers¬ 
burg  ,  MD . 

9:45  LI. 5 

A  UNIFIED  MODEL  FOR  CVD  PROCESSES  BASED  ON 
BOND  GRAPH  METHODS,  S.R.  Kalidindi . 
Massachusetts  Institute  of  Technology, 
Department  of  Mechanical  Engineering,  Cam¬ 
bridge,  MA;  and  S.B.  Desu,  Virginia  Poly¬ 
technic  Institute  and  State  University, 
Department  of  Materials  Engineering,  Blacks¬ 
burg,  VA. 

10:00  LI. 6 

CALCULATION  OF  TRANSPORT-SHIFTED  CVD-PHASE 
DIAGRAMS,  Joshua  Collins  and  Daniel  E. 
Rosner,  Yale  University,  Department  of 
Chemical  Engineering,  New  Haven,  CT. 

10:15  BREAK 

10:30  LI. 7 

TRANSPORT  PROPERTIES  OF  CVI  PREFORMS  AND 
COMPOSITES,  T.L.  Starr,  G.B.  Freeman  and 
T.C.  Elston,  Georgia  Tech  Research  Institu¬ 
te,  Georgia  Institute  of  Technology,  Atlan¬ 
ta,  GA . 

♦Invited  Paper 


10:45  LI. 8 

3-D  MODELING  OF  FORCED  FLOW,  THERMAL  GRADI¬ 
ENT  CVI  FOR  CERAMIC  COMPOSITE  FABRICATION, 
T.L.  Starr  and  A.W.  Smith,  Georgia  Tech 
Research  Institute,  Georgia  Institute  of 
Technology,  Atlanta,  GA. 

11 : 00  LI. 9 

CHEMICAL  VAPOR  INFILTRATION  OF  POROUS  PRE¬ 
FORMS:  EVOLUTION  OF  DENSIFICATION ,  Herman 
C.T.  Cheng,  E.I.  duPont  de  Nemours  &  Co., 
Inc.,  Department  ETL,  Wilmington,  DE;  Brian 
Heble  and  Stanley  Middleman.  University  of 
California,  San  Diego,  Chemical  Engineering 
Department,  LaJolla,  CA. 

11:15  LI. 10 

ANALYTICAL  SIMULATION  OF  AN  IMPROVED  CVI 
PROCESS  FOR  FORMING  HIGHLY  DENSIFIED  CERAMIC 
COMPOSITES,  Nvan-Hwa  Tai  and  Tsu-Wei  Chou, 
University  of  Delaware,  Center  for  Composite 
Materials  and  Department  of  Mechanical  En¬ 
gineering,  Newark,  DE. 

11:30  LI. 11 

A  MODEL  FOR  CHEMICAL  VAPOR  INFILTRATION  OF 
FIBROUS  SUBSTRATES,  Raiesh  R.  Melkote . 
University  of  Minnesota,  Department  of 
Chemical  Engineering  and  Materials  Science, 
Minneapolis,  MN;  and  Klavs  F.  Jensen,  Mas¬ 
sachusetts  Institute  of  Technology,  Depart¬ 
ment  of  Chemical  Engineering,  Cambridge,  MA. 

11:45  LI .12 

MODELLING  TRANSPORT,  REACTION,  AND  PORE 
STRUCTURE  EVOLUTION  DURING  DENSIFICATION  OF 
CELLULAR  OR  FIBROUS  STRUCTURES,  Stratis  V. 
Sotirchos  and  Manolis  Tomadakis,  University 
of  Rochester,  Department  of  Chemical  En¬ 
gineering,  Rochester,  NY. 

SESSION  L2 :  DIAGNOSTICS 

Chairs:  E.  A.  Whittaker  and  L.  C.  Hammond 

Wednesdav  Afternoon,  November  29 
Essex  Northwest  (W) 

1:30  L2.1 

SURFACE  CHEMISTRY  OF  AIN  PRECURSORS  ON 
SILICA,  M.E.  Bartram.  T.A.  Michalske,  and 

J.W.  Rogers  Jr.,  Sandia  National  Labora¬ 
tories,  Albuquerque,  NM. 

1:45  L2.2 

SURFACE  COMPOSITION  BY  RESONANT  SUM  FREQUEN¬ 
CY  GENERATION  DURING  CHEMICAL  VAPOR  DEPOSI¬ 
TION,  Karen  L.  Carleton  and  William  J. 
Marinelli,  Phvsical  Sciences,  Inc.,  Andover, 
MA. 

2:00  L2.3 

INTERACTION  OF  BORAZINE  WITH  A  RE(0001) 
SURFACE,  STUDIED  BY  LEED,  TPD,  AES,  AND  ELS, 
J.-W.  He  and  D.W.  Goodman.  Texas  A&M  Univer¬ 
sity,  Department  of  Chemistry,  College 
Station,  TX. 
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2:15  L2.4 

EARLY  GROWTH  IN  THE  CHEMICAL  VAPOR  DEPOSI¬ 
TION  OF  TiN,  TiC  AND  SiC  AND  MONITORING  BY 
LASER  SCATTERING,  Max  Klein  and  Bernard 
Gallois,  Stevens  Institute  of  Technology, 
Department  of  Materials  Science  and  Engi¬ 
neering,  Hoboken,  NJ. 

2:30  L2.5 

LIGHT  SCATTERING  MEASUREMENTS  OF  CVD  SILICON 
CARBIDE,  B . W ■  Sheldon  and  T.M.  Besmann,  Oak 
Ridge  National  Laboratory,  Metals  and  Ceram¬ 
ics  Division,  Oak  Ridge,  TN. 

2:45  L2.6 

IN  SITU  GROWTH  MONITORING  OF  TUNGSTEN  BY 
REFLECTOMETRY ,  Albert  Hasper,  Jisk  Holleman. 
Jan  Middelhoek,  University  of  Twente , 
Department  EL,  Enschede,  The  Netherlands. 

3:00  BREAK 

3:30  L2-.  7 

A  NEW  APPLICATION  OF  SPECTROSCOPIC  EL- 
LIPSOMETER:  A  FAST,  NON-DESTRUCTIVE  TECH¬ 

NIQUE  FOR  SURFACE  RECOGNITION  AND  CLAS¬ 
SIFICATION,  J.L.  Stehle,  J.H.  Lecat.  J.P. 
Piel,  SOPRA,  Bois-Colombes ,  France;  and  L.C. 
Hammond,  ARIES/QEI ,  Concord,  MA. 

3:45  L2.8 

INITIAL  STAGES  IN  THE  GROWTH  OF  OXIDE  THIN 
FILMS  BY  CVD,  L.  A.  Tietz .  S.R.  Summerfelt, 
G.R.  English,  and  C.B.  Carter,  Cornell 
University,  Department  of  Materials  Science 
and  Engineering,  Ithaca,  NY. 

4:00  L2.9 

MECHANISTIC  STUDIES  OF  THE  CHEMICAL  VAPOR 
DEPOSITION  OF  AIN  FILMS  USING  ORGANOMETALLIC 

precursors:  [r2ainh2]3,  Carmel 9  £-v- -Matt?, 

Leonard  V.  Interrante,  and  John  B.  Hudson, 
Rensselaer  Polytechnic  Institute,  Depart¬ 
ments  of  Chemistry  and  Materials  Engineer¬ 
ing,  Troy,  NY. 

4:15  L2.10 

MECHANISTIC  ASPECTS  OF  THE  DEPOSITION  OF 
THIN  ALUMINA  FILMS  DEPOSITED  BY  MOCVD, 
R.W.J.  Morssinkhof.  T.  Fransen,  M.M.D. 
Heusinkveld  and  P.J.  Gellings,  University  of 
Twente,  Enschede,  The  Netherlands. 

4:30  L2.ll 

GAS  PHASE  CHARACTERIZATION  IN  LP  CVD 
PROCESSES  BY  A  PERFORMANT  RAMAN  EQUIPMENT, 
R.  Gauf res .  P.  Huguet,  U.S.T.L.,  Montpel¬ 
lier,  France;  D.  Boya  and  J.  Lafforet, 
Comurhex,  Pierrelatte,  France. 

4:45  1^12 

GAS  PHASE  REACTIONS  RELEVANT  TO  CHEMICAL 
VAPOR  DEPOSITION:  OPTICAL  DIAGNOSTICS, 
Burgess  Jr . .  National  Institute  of  Stan¬ 
dards  and  Technology,  Center  for  Chemical 
Technology,  Gaithersburg,  MD. 


5:00  L2.13 

SMALL  SCALE  FABRICATION  AND  CHARACTERIZATION 
OF  CERAMIC  MATERIALS,  Jerry  Czarnecki , 
Edgardo  Francisco,  and  David  Thumim.  Cahn 
Instruments,  Carmenita,  CA. 

SESSION  L3 :  PROCESS-MICROSTRUCTURE 
RELATIONSHIPS 

Chairs:  W.  J.  Lackey  and  N.  A.  Scoville 
Thursday  Morning,  November  30 
Essex  Northwest  (W) 

9:00  *1,3.1 

CORRELATION  AMONG  PROCESS  ROUTES,  MICRO¬ 
STRUCTURES  AND  PROPERTIES  OF  CHEMICALLY 
VAPOR  DEPOSITED  SILICON  CARBIDE,  Robert  F. 
Davis .  North  Carolina  State  University, 
Department  of  Materials  Science  and  En¬ 
gineering,  Raleigh,  NC. 

9:30  L3.2 

MICROSTRUCTURAL  CHARACTERIZATION  OF  MULTI¬ 
PHASE  COATINGS  PRODUCED  BY  CHEMICAL  VAPOR 
DEPOSITION,  K.L.  More,  R.A.  Lowden ■  T.M. 
Besmann,  and  R.D.  James,  Oak  Ridge  National 
Laboratory,  Metals  and  Ceramics  Division, 
Oak  Ridge,  TN. 

9:45  L3.3 

CHEMICAL  VAPOR  DEPOSITION  OF  SILICON 
BORIDES,  T.  Goto.  M.  Mukaida,  and  T.  Hirai, 
Tohoku  University,  Institute  for  Materials 
Research,  Sendai,  Japan. 

10:00  BREAK 

10:30  L3.4 

CHARACTERIZATION  OF  SILICIDE  FORMATION  OF 
LPCVD-W  BY  MEANS  OF  RBS  AND  XRD ,  S-L.  Zhang 
and  R.  Buchta,  Swedish  Institute  of  Micro¬ 
electronics,  Kista,  Sweden;  and  M.  Ostlina. 
The  Royal  Institute  of  Technology-Electrum, 
Solid  State  Electronics,  Kista,  Sweden. 

10:45  L3.5 

MICROSTRUCTURE  OF  CVD  -  A1203,  J.N. 

Lindstrom  r  C.  Chatfield,  and  M.E.  Sjostrand, 
AB  Sandvik  Coromant,  Stockholm,  Sweden. 

11:00  L3.6 

SELECTIVE  CHEMICAL  VAPOUR  DEPOSITION  OF 
TUNGSTEN  USING  SiH4/WF6  CHEMISTRY,  C.A.  van 
der  Jeugd,  G.J.  Leusink,  G.C.A.M.  Janssen, 
S.  Radelaar.  Delft  University  of  Technology, 
Centre  for  Submicron  Technology,  The  Nether¬ 
lands  . 

11:15  L3.7 

STUDY  OF  W20O58  OXIDE  PHASE  OBSERVED  IN  CVD 
w  FILMS,  M,,..  Lawrence  .At  Pass,  Siva  sivaram, 
and  Bryan  Tracy,  Intel  Corporation,  Santa 
Clara,  CA. 
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11:30  L3.8 

INVESTIGATION  OF  CVD  jS-SiC  SURFACES  PRODUCED 
VIA  A  "NOVEL"  SURFACE  REPLICATION  PROCESS, 
Aliki  K.  Collins.  Joseph  T.  Keeley,  Michael 
A.  Pickering  and  Raymond  L.  Taylor,  Morton 
Thiokol,  Inc. /CVD,  Woburn,  MA. 

11:45  L3.9 

INFLUENCE  OF  IMPURITIES  AND  MICROSTRUCTURE 
ON  THE  RESISTIVITY  OF  LPCVD  TITANIUM  NITRIDE 
FILMS,  M.J.  Buiting  and  A.H.  Reader.  Philips 
Research  Laboratories,  Eindhoven,  The 
Netherlands . 

SESSION  L4 :  MICROSTRUCTURE-MECHANICAL 
PROPERTY  RELATIONSHIPS 
Chairs:  P.  N.  Dyer  and  F.  S.  Galasso 

Thursday  Afternoon,  November  30 
Essex  Northwest  (W) 

1:30  *L4 . 1 

DESIGN  AND  DEVELOPMENT  OF  CVD  COATINGS,  V.K. 
Sarin .  Boston  University,  College  of  En¬ 
gineering,  Boston,  MA. 

2:00  L4 . 2 

INDENTATION  ADHESION  OF  DIAMOND  FILMS  ON  THE 
VARIOUS  SUBSTRATES,  Tyan-Ywan  Yen,  Chena-Tzu 
Kuo .  National  Chiao  Tung  University,  In¬ 
stitute  of  Mechanical  Engineering,  HsinChu, 
Taiwan,  China;  and  S.E.  Hsu,  Cheng  Shan 
Institute  of  Science  and  Technology, 
Lungtan,  Taiwan,  China. 

2:15  L4.3 

TUNGSTEN  CARBIDE  EROSION  RESISTANT  COATING 
FOR  AEROSPACE  COMPONENTS,  D .  Gar  a  and  P.N. 
Dyer,  Air  Products  and  Chemicals,  Inc., 
Allentown,  PA. 

2 : 30  L4.4 

(ABSTRACT  WITHDRAWN) 

2:45  BREAK 

3:15  L4.5 

INTERNAL  STRESSES  IN  AMORPHOUS  Si02  FILMS 
DEPOSITED  BY  THE  PYROLYSIS  OF  ORGANOMETALLIC 
PRECURSORS  AT  LOW  PRESSURES,  S.B.  Desu . 
Virginia  Polytechnic  Institute  and  State 
University,  Department  of  Materials 
Engineering,  Blacksburg,  VA. 

3:30  L4.6 

INFLUENCE  OF  SUBSTRATE  AND  PROCESS  PARA¬ 
METERS  ON  THE  PROPERTIES  OF  CVD-SiC,  ^ 
Parretta.  V.  Adoncecchi ,  E.  Cappelli,  G. 
Giunta,  and  V.  Vittori,  Eniricerche  s.p.A., 
Rome,  Italy. 


3:45  L4.7 

EFFECTS  OF  DEPOSITION  CONDITIONS  ON  THE 
MICROSTRUCTURE  AND  PROPERTIES  OF  CVD  SiC, 

Mi  nf ord .  Robert  E.  Stevens,  Vincent  L. 
Magnotta ,  and  Paul  N.  Dyer,  Air  Products  and 
Chemicals,  Inc.,  Allentown,  PA?  Thomas 
Watkins  and  David  J.  Green,  Pennsylvania 
State  University,  University  Park,  PA. 

4:00  L4.8 

INTERACTION  OF  TITANIUM  WITH  SiC  COATED 
BORON  FIBERS,  Lewis  Hwan  and  Beng  Jit  Tan, 
University  of  Connecticut,  Department  of 
Chemistry,  Storrs,  CT;  Francis  S.  Galasso, 
United  Technologies  Research  Center,  East 
Hartford,  CT;  and  Steven  L.  Suib,  University 
of  Connecticut,  Departments  of  Chemistry  and 
Chemical  Enginering,  Storrs,  CT. 

4:15  L4.9 

OXIDATION  RESISTANT  COATINGS  PRODUCED  BY 
CHEMICAL  VAPOR  DEPOSITION:  IRIDIUM  AND 
ALUMINUM  NITRIDE/ALUMINA  COATINGS,  P.  Netter 

4:30  L4.10 

CHEMICAL  VAPOUR  DEPOSITION  OF  TITANIUM 
CARBIDE,  K.  Singh,  A.K.  Suri .  D.K.  Bose  and 
C.K.  Gupta,  Bhabha  Atomic  Research  Centre, 
Metallurgy  Division,  Bombay,  India. 

SESSION  L5 :  NOVEL/LARGE-SCALE  TECHNOLOGIES 
Chairs:  T.  M.  Besmann  and  D.  Gaillard 
Friday  Morning,  December  1 
Essex  Northwest  (W) 

8:00  *L5 . 1 

APPLICATION  OF  AI  CONTROL  TO  THE  VLS  SiC 
WHISKER  PROCESS,  P.D.  Shalek  and  W.J. 
Parkinson,  Los  Alamos  National  Laboratory, 
Los  Alamos,  NM. 

8:30  L5.2 

MORPHOLOGICAL  EVOLUTION  OF  TITANIUM  CARBIDE 
WHISKERS,  R.  Mathur  and  Bernard  Gallois, 
Stevens  Institute  of  Technology,  Department 
of  Materials  Science  and  Engineering,  Hobok¬ 
en,  NJ. 

8:45  L5.3 

CHARACTERIZATION  OF  CERAMIC  MATRIX  COM¬ 
POSITES  FABRICATED  BY  CHEMICAL  VAPOR  IN¬ 
FILTRATION,  D.P.  Stinton.  D.M.  Hembree,  Jr., 
K.L.  More,  and  T.M.  Besmann,  Oak  Ridge 
National  Laboratory,  Department  of  Metals 
and  Ceramics,  Oak  Ridge,  TN. 

9:00  L5.4 

THE  EMERGENCE  OF  PLASMA  ENHANCED  CHEMICAL 
VAPOR  DEPOSITION  (PECVD)  AS  A  VIABLE  IN¬ 
DUSTRIAL  COATING  PROCESS,  George  Engle,  GEC, 
Inc.,  Phoenix,  AZ;  James  W.  Warren.  Com¬ 
posite  Innovations  Corporation,  Woodland 
Hills,  CA. 
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9:15  L5.5 

DEPOSITION  AND  CHARACTERIZATION  OF  SILICON 
NITRIDE  SINGLE  CRYSTAL  FILMS,  Joseph  B. 
Milstein .  Lian  Li,  Ye-Yung  Teng  and  Anatoly 
M.  Altshuler,  University  of  Lowell,  Lowell, 
MA. 

9:30  L5.6 

LASER  CHEMICAL  VAPOR  DEPOSITION  OF  TiN 
FILMS,  B.  Chen.  N.  Biunno,  R.K.  Singh  and 
J.  Narayan,  North  Carolina  state  University, 
Department  of  Materials  Science  and  Enginee¬ 
ring,  Raleigh,  NC. 

9:45  L5.7 

LASER-INDUCED  PHOTOCHEMICAL  VAPOR  DEPOSITION 
OF  TUNGSTEN,  A.J.P.  van  Maaren  and  W.C. 
Sinke,  FOM-Institute  for  Atomic  and  Molecu¬ 
lar  Physics,  Amsterdam,  The  Netherlands. 

10:00  BREAK 

10:30  L5.8 

STRUCTURAL  CONTROL  OF  MATERIALS  SYNTHESIZED 
BY  LASER  EVAPORATION  AND  RAPID  CONDENSATION, 
Tongsan  D.  Xiao  and  Peter  R.  Strutt.  Univer¬ 
sity  of  Connecticut,  Institute  of  Materials 
Science,  Storrs,  CT. 

10:45  L5.9 

REACTIVE  CHEMICAL  VAPOR  DEPOSITION  AS  A 
METHOD  FOR  COATING  CARBON  FIBER  WITH  CAR¬ 
BIDES,  J.  Bouix.  C.  Vincent,  H.  Vincent  and 
R.  Favre,  Universite  de  Lyon  I,  Laboratoire 
de  Physicochimie  Minerale,  villeurbanne , 
France. 

11:00  L5.10 

THIN  FILM  OF  YTTRIA  STABILIZED  ZIRCONIA  BY 
MODIFIED  CVD ,  F.  Cellier. 

11:15  L5.ll 

SOLUTION  PRECURSOR  -  LOW  PRESSURE  CHEMICAL 
VAPOR  DEPOSITION  OF  TITANIUM  OXIDE  FILMS, 
Jiono  Pina  Lu.  Jenqdaw  Wang,  and  Rishi  Raj, 
Cornell  University,  Department  of  Materials 
Science  and  Engineering,  Ithaca,  NY. 

11:30  L5.12 

AMORPHOUS  INSULATING  NbO  FILMS  BY  REACTIVE 
EVAPORATION,  B.X.  Liu.  Tsinghua  University, 
Center  of  Condensed  Matter  and  Radiation 
Physics,  CCAST  (World  Lab.),  Beijing  and 
Department  of  Materials  Science  and 
Engineering,  Beijing,  China;  J.R.  Ding,  X. 
Zhou  and  J.N.  Bai,  Tsinghua  University, 
Department  of  Materials  Science  and 
Engineering,  Beijing,  China. 

11:45  L5.13 

A  LOW  TEMPERATURE  CVD  PROCESS  FOR  TiN  COAT¬ 
ING,  A.  Aguero,  D.  Little  and  P.  Lowden, 
Liburdi  Engineering  Ltd.,  Hamilton,  Canada. 


SESSION  L6 :  METAL-ORGANIC  CHEMICAL 
VAPOR  DEPOSITION 

Chairs:  K.  Gonsalves  and  D.P.  Stinton 

Friday  Afternoon,  December  1 
Essex  Northwest  (W) 

1:30  *L6 . 1 

LOW  TEMPERATURE  MOCVD  OF  TRANSITION  METAL 
CARBIDES,  BORIDES  AND  OXIDES,  G.S.  Girolami ■ 

2:00  L6.2 

METALORGANIC  CHEMICAL  VAPOR  DEPOSITION  OF 
SILICON  BASED  CERAMICS  USING  METHYLS ILAZANE , 
Honahua  Du .  Bernard  Gallois,  and  Kenneth 
Gonsalves,  Stevens  Institute  of  Techology, 
Hoboken,  NJ. 

2:15  L6.3 

CHARACTERIZATION  OF  MOCVD  GROWN  EPITAXIAL 
CERAMIC  OXIDE  THIN  FILMS,  J.C.  Parker. 
H.L.M.  Chang,  J.J.  Xu,  and  D.J.  Lam,  Argonne 
National  Laboratory,  Materials  Science 
Division,  Argonne,  IL. 

2:30  L6.4 

PREPARATION,  STRUCTURE  AND  PROPERTIES  OF  VOx 
AND  Ti02  THIN  FILMS  BY  MOCVD,  H.L.M.  Chang. 
J.C.  Parker,  J.J.  Xu,  and  D.J.  Lam,  Argonne 
National  Laboratory,  Materials  Science 
Division,  Argonne,  IL. 

2:45  BREAK 

3:15  L6.5 

STRUCTURE,  COMPOSITION,  AND  PROPERTIES  OF 
CVD  Zr02  FILMS  OBTAINED  FROM  ZIRCONIUM 
ACETYLACETONATES ,  S.B.  Desu .  and  T.  Shi, 
Virginia  Polytechnic  Institute  and  State 
University,  Department  of  Materials 
Engineering,  Blacksburg,  VA. 

3:30  L6.6 

TITANIUM  NITRIDE  THIN  FILMS:  PROPERTIES  AND 
APCVD  SYNTHESIS  USING  ORGANOMETALLIC  PRECUR¬ 
SORS,  Renaud  M.  Fix.  Roy  G.  Gordon,  and 

David  M.  Hoffman,  Harvard  University,  De¬ 
partment  of  Chemistry,  Cambridge,  MA. 

3:45  L6 . 7 

CHEMICAL  VAPOR  DEPOSITION  OF  NIOBIUM  CARBIDE 
USING  A  NOVEL  ORGANOMETALLIC  PRECURSOR,  P.D. 
Stupik  and  A.R.  Barron,  Harvard  University, 
Department  of  Chemistry,  Cambridge,  MA. 

4:00  L6.8 

LOW  TEMPERATURE  ORGANOMETALLIC  CHEMICAL 
VAPOR  DEPOSITION  (OMCVD)  OF  RHODIUM  AND 
IRIDIUM  THIN  FILMS,  D.C.  Smith.  C.J.  Burns, 
and  A.P.  Sattelberger ,  Los  Alamos  National 
Laboratory,  Inorganic  and  Structural  Chemis¬ 
try  Group,  Los  Alamos,  NM;  S.G.  Patti llo, 
D.W.  Carroll,  and  J.R.  Laia,  Los  Alamos 
National  Laboratory,  Material  Science  and 
Technology  Division,  Los  Alamos,  NM. 
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4:15  L6_._S 

ORGANOMETALLIC  CHEMICAL  VAPOR  DEPOSITION  OF 
STRONTIUM  TITANATE  THIN  FILMS,  W.A.  Feil , 
Northwestern  University,  Department  of 
Materials  Science  and  Engineering,  Evanston, 
IL;  L.M.  Tonge,  Northwestern  University, 
Department  of  Chemistry  and  Materials  Re¬ 
search  Center,  Evanston,  IL;  B.W.  Wessels, 
Northwestern  University,  Department  of 
Materials  Science  and  Engineering,  Evanston, 
IL;  and  T.J.  Marks,  Northwestern  University, 
Department  of  Chemistry  and  Materials  Res¬ 
earch  Center,  Evanston,  IL. 

4:30  L6.10 

HIGHLY  RESOLVED  GRADIENT  PATTERNS  IN  GLASS 
BY  MEANS  OF  CHEMICAL  VAPOR  DEPOSITION,  Harry 

D.  Gafney,  Edgar  Mendoza,  Eugene  Wolkow. 
Queens  College  of  CUNY,  Department  of  Chemi¬ 
stry,  Flushing,  NY;  and  Peter  Wong,  Queens- 
borough  Community  College,  Department  of 
Chemistry,  Bayside,  NY. 

4:45  L6JL1 

SMALL  ANGLE  X-RAY  SCATTERING  (S AXS)  FROM 
METAL  IMPREGNATED  POROUS  VYCOR  GLASS, 
Sunil .  Queens  College,  Department  of  Phys¬ 
ics,  Flushing,  NY;  J.  Sokolov,  Queens  Col¬ 
lege,  Department  of  Physics,  Flushing,  NY, 
and  DAS,  BNL,  Upton,  NY;  M.H.  Rafailovich, 

E.  Mendoza,  E.  Wolkow,  H.D.  Gafney,  Queens 
College,  Department  of  Physics,  Flushing, 
NY;  G.  Long,  NIST;  P.  Jemian,  Northwestern 
University;  and  A.  Hansen,  Brookhaven  Na¬ 
tional  Laboratory. 
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Ll.l 

Interests  and  limits  of  the  thermodynamic  approach  for 
C.V.D.  processes.  C.  Bernard  and  R.  Madar*,  Laboratoire 
de  Thermodynamique  et  Physico-Chimie  Metal lurgiques 
ENSEEG,  8P  75,  38402-Saint-Martin-d'Heres  Cedex,  France 
*  Laboratoire  des  Materiaux  et  du  G§nie  Physique  ENSPG, 

BP  46,  38402-Saint-Martin-d'Heres  Cedex,  France 

The  principles  of  the  thermodynamic  analysis  which  can  be 
done  ab  initio  in  order  to  help  the  selection  : 

-  the  material  to  be  deposited  for  a  well  defined  applica¬ 
tion, 

-  the  nature  of  reactants, 

-  the  experimental  parameters  range  of  the  experimental 
parameters , 

will  be  developed  and  illustraded  by  some  examples. 

The  main  problems  linked  to  the  data  selection  will  be 
emphasized  :  assessments,  availability  of  coherent  data, 
sensitiveness  of  the  results  to  the  data  accuracy... 

Finally,  the  validity  of  a  thermodynamic  aoDroach  perfor¬ 
med  at  equilibrium  in  view  to  optimize  a  dynamic  non 
equilibrium  process  will  be  discussed. 

LI .  2 

PREDICTING  THE  CHEMISTRY  IN  CVD  SYSTEMS. 

Karl  E.  Spear.  Ceramic  Science  and  Engineering,  The  Pennsylvania 
Stale  University,  University  Park,  PA  16X02 

Tailoring  the  chemical  and  physical  nature  of  CYD  deposits  for  specific 
applications  requires  understanding  and  controlling  the  chemical 
processes  occurring  in  a  reactor.  This  implies  an  understanding  of  the 
combined  equilibrium,  kinetic,  and  transport  processes.  The  processes 
occurring  produce  composition  gradients  in  the  reactor  which  can  cause 
variations  in  the  deposition  chemistry.  Examples  will  be  given  to 
illustrate  predictions  of  limits  on  the  chemical  behavior  of  CVD  systems 
by  using  partial  equilibrium  concepts.  A  comparison  of  these  limits 
with  experimental  observations  can  be  used  to  hypotheses  deposition 
mechanisms.  Derived  physical  and  mathematical  models  of  the 
mechanisms  provide  the  critical  tool  for  manipulating  and  controlling  the 
chemical  and  physical  nature  of  CVD  deposits. 

LI  .  3 

MODELS  OF  CHEMICAL  REACTIONS  AND  TRANSPORT 
PROCESSES  UNDERLYING  CHEMICAL  VAPOR  DEPOSITION 
Klavs  E  Jensen.  Department  of  Chemical  Engineering.  Massachusetts 
Institute  of  Technology,  Cambridge,  MA  02139.  Dimitnos  I.  Fotiadis, 
Erik  O  Einset.  and  T.J.  Mountzians,  Department  of  Chemical 
Engineering  and  Materials  Science,  University  of  Minnesota, 
Minneapolis,  MN  55455, 


Detailed  physicochemical  models  of  chemical  vapor  deposition  (CVD) 
processes  are  presented.  Finite  element  computations  based  on  two-  and 
three-dimensional  transport-reaction  descriptions  are  used  to  elucidate 
flow  effects  in  horizontal  and  vertical  CVD  reactors  operating  at 
atmospheric  and  low  pressures.  The  development  of  buoyancy  driven 
flows  caused  by  large  temperature  gradients  is  described.  These  flows  are 
superimposed  on  the  main  flow  and  the  resulting  complex  mixed 
convection  flows  adversely  affect  film  thickness  and  composition 
uniformity.  The  existence  of  transverse  and  longitudinal  rolls  in 
horizontal  reactors  is  predicted  in  agreement  with  experimental 
observations.  For  vertical  pedestal  reactors  the  computations  demonstrate 
that  wall  effects,  susceptor  healing  and  buoyancy  driven  recirculations 
lead  to  reduced  and  nonuniform  growth  rates  as  well  as  the  development 
of  three-dimensional  non-axisymmetric  flow  fields.  In  addition  to 
buoyancy  driven  flows  due  to  thermal  gradients,  buoyancy  driven  flows 
caused  by  concentration  gradients  are  also  demonstrated.  This  effect  will 
be  important  in  systems  with  a  heavy  species  in  a  light  carrier  gas. 

The  thermophoretic  transport  of  tracer  panicles  used  for  flow  visualization 
or  panicle  contaminants  generated  in  the  processes  is  also  considered. 
The  thermophoretic  effect  confounds  smoke  test  visualizations,  but  it  has 
the  advantage  of  reducing  panicle  contamination  in  the  growing  film. 
The  combination  of  transpon  models  with  detailed  chemical  mechanisms 
is  described  and  illustrated  with  examples  primarily  relevant  to  electronic 


materials  processing.  The  extension  of  the  modelling  approach  to  CVD 
systems  for  ceramics  is  discussed. 

Ll  .4 

GAS  PHASE  REACTIONS  RELEVANT  TO  CHEMICAL  VAPOR 
DEPOSITION:  NUMERICAL  MODELING.  D.  Burgess.  Jr.  and 
M.R.  Zachariah.  National  Institute  of  Standards  and 
Technology,  Gaithersburg,  MD  20899. 

Numerical  modeling  of  gas  phase  chemical  kinetics  was 
used  to  suggest  appropriate  experimental  conditions  and 
to  interpret  species  concentrations  measurements  in  the 
svstems:  SiH,  -*  Si  and  SiH4  +  NH3  -*  Si3N4.  The  modeling 
used  kinetic  information  largely  compiled  by  Coltrin  et 
al.  The  effects  of  temperature,  pressure,  and  con¬ 
centrations  on  kinetic  pathways  and  reactive  inter¬ 
mediates  were  investigated.  A  comparison  was  made 
between  gas  phase  chemistry  at  low  temperatures  (700- 
1000K),  at  higher  temperatures  (1200-1800K) ,  dnd  due  to 
laser- initiated  photofragmentation.  These  processes  are 
relevant,  respectively,  to  silicon/silicon-nitride 
chemical  vapor  deposition  (CVD),  to  flame-driven  gas 
phase  silicon-based  particle  nucleation,  and  to  laser- 
induced  processes  for  materials  fabrication. 

For  silane  decomposition  at  lower  temperatures,  the 
Si2H4  isomers  were  found  to  be  important  intermediates, 
while  at  higher  temperatures  Si2H2  and  Si  were  active 
species.  The  presence  of  relatively  small  amounts  of 
hydrogen  (H2)  at  lower  temperatures  has  the  effect  of 
slowing  net  decomposition  rates  of  products  such  as 
Si3H,  and  reducing  the  transient  concentrations  of 
intermediates  such  as  Si2Ht .  At  higner  temperatures, 
nv  eh  larger  H2  concentrations  are  necessary  to  reduce 
transient  intermediates  such  as  Si.  For  laser-initiated 
processes  (e.g.  SiH4  -*■  hv  -*  SiH2  +  H2 ) ,  it  was  found 
that  increasing  fragmentaion  leads  to  kinetic  processes 
similar  to  chose  found  at  higher  temperatures.  The 
utility  of  employing  this  modeling  approach  to  the 
silicon-nitride  system  is  currently  being  investigated. 

LI.  5 

A  UNIFIED  MODEL  FOR  CVD  PROCESSES  BASED  ON  BOND 
GRAPH  METHODS.  S-R-Kalidindi.  Department  of  Mechanical 
Engineering,  Massachusetts  Institute  of  Technology,  Cambridge,  MA; 
and  S.B.Desu,  Department  of  Materials  Engineering,  Virginia 
Polytechnic  Institute  and  State  University,  Blacksburg,  VA. 


The  CVD  processes  are  highly  complicated  involving  several 
phenomena,  but  only  few  of  them  are  required  in  describing  a  given 
CVD  process.  However,  in  most  cases  the  relative  dominance  of  these 
phenomena  are  not  known  apriori.  Therefore  the  modeling  of  a 
specific  CVD  process  (whose  kinetics  axe  not  known)  involves  a 
laborious  process  of  repeated  guesses  at  the  dominant  phenomena 
supplemented  by  good  numerical  techniques.  Most  often  for  different 
guesses,  different  formulations  of  the  numerical  technique  are 
required,  which  involves  considerable  effort. 

A  unified  approach  to  model  the  general  CVD  process  using  the 
versatility  and  flexibility  of  bond  graph  method  will  be  presented. 
Development  of  some  of  the  important  bond  graph  elements  to 
represent  convection,  diffusion,  migration,  homogeneous  reaction,  and 
heterogeneous  reaction  will  be  shown.  The  use  ot  the  elements  will  be 
illustrated  through  a  few  simple  examples  ranging  from  diffusion  only 
processes  to  convection-diffusion  processes  with  gas  phase  and  surface 
reactions.  It  will  also  be  shown  that  a  single  bond  graph  program 
with  changes  in  input  can  handle  al!  these  different  cases  with. little 
time  and  effort. 
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LI.  6 


CALCULATION  OF  TRANSPORT-SHIFTED  CVD-PHASE 
DIAGRAMS.  Joshua  Collins  and  Daniel  E.  Rosner 

High  Temperature  Reaction  Engineering  Laboratory 
Department  of  Chemical  Engineering,  Yale  University 
New  Haven.  CT  06520-2159  Y.S.,  U.S.A. 


element.  By  "marching"  through  time,  a  ccnplete  simulation 
of  the  densification  process  is  obtained. 

The  model  is  demonstrated  for  a  FCVT  system  with 
cylindrical  symmetry  and  ccrpared  to  experimental  results 
obtained  at  the  Oak  Ridge  National  Laboratory.  The  rrodel 
successfully  predicts  the  effects  of  variation  in  process 
conditions  and  in  infiltration  hardware  configurations. 


A  non-iterative  method  is  presented  for  the  construction  of  so-called 
"CVD-phase  diagrams",  including  the  systematic  effects  of  segregation  of 
chemical  elements  across  the  non-isothermal  vapor  diffusion  boundary 
layer.  Element  segregation  is  shown  to  induce  important  shifts  in  the 
equilibrium  deposit  phases  predicted  from  the  actual  local  gas  composition 
at  the  deposition  surface,  as  opposed  to  the  element  ratios  corresponding  to 
the  input  ("feed")  gas  composition,  as  is  commonly  done.  Both 
multicomponent  Fick  and  Soret  diffusion  are  assumed  to  act  across  a 
'chemically  frozen'  mass  transfer  boundary  layer,  with  local 
thermochemical  equilibrium  imposed  only  at  the  deposition  surface  (i.e.  a 
'cold  -wall  reactor  with  a  ‘hot’  substrate).  As  a  specific  example,  this 
model  is  applied  to  the  deposition  of  titanum  boride  from  TiCUtg)  and 
BChtgi  in  H2tgi  onto  fibers  for  ceramic  composite  material  applications.  A 
flow  -reactor  geometry  of  particular  interest  is  a  long  cylindrical  vessel  with 
a  resistivelv  heated  coaxial  fiber  for  the  deposition  substrate,  however,  the 
method  presented  here  is  general  in  that  both  the  chemical  system  and  CVD- 
reactor  geometry  can  he  changed  to  an;  other  system  of  interest  provided 
adequate  themochemical  and  thermophysical  data  are  available,  and  the 
deposition  rare  is  vapor  transport  controlled  with  estimable  cc  .vective 
‘  ‘'•..•ion  mass-  and  heat-transfer  coefficients. 


Li  .  7 

TRANSPORT  PRi  J3TIES  OF  CVI  PREFORMS  AND  OCMPOSITTS,  T.  L. 
Scare,  G ■  B .  Frearar.  and  T.  C.  Elston,  Georgia  Institute  of 
Technology,  Atlanta,  GA  30332 

Chatiical  vapor  infiltration  (CVI)  is  an  effective  and 
versatile  technique  for  fabrication  of  ceramic  matrix 
corps"; ites.  The  transport  properties  -  gas  permeability, 
tnermal  conductivity  and  effective  diffusivity  -  of  the 
preform,  and  partially  densified  ccnposite  control  the 
uniformity  of  the  infiltration  process.  These  properties, 
ir.  turn,  are  controlled  by  the  material  microstructure.  We 
have  developed  a  simple  model,  based  on  the  physical 
microstructure,  that  predicts  the  anisotropic  transport 
properties  of  cloth  lay-up  canposites. 

An  anisotropic  material  is  modeled  as  a  layer  structure 
consisting  of  two,  or  more,  isotropic  components.  Ccnposite 
transport  coefficients  perpendicular  and  parallel  to  the 
layers  are  giver,  by  "series"  and  "parallel"  combining  laws 
involving  the  isotropic  coefficients  of  these  component 
materials  and  their  volume  fractions.  These  ccnponent 
material  properties  are  aetermined  using  microstructural 
inf"  nation  and  fundamental  nateriai  properties. 

Model  calculations  a  e  ccrpared  to  experimental 
measurements  for  thermal  . „,iductivity  and  gas  permeability. 
p^erbc~’ors  for  effective  diffusivity  are  presented. 
>  of  this  model  into  an  finite  element  process 
model  is  outlined. 


3-D  hODELING  OF  FORCED  FLOW,  THERMAL  GRADIENT  CVI  FOR 
CERAMIC  COMPOSITE  FABRICATION,  T.  L.  Starr  and  A.  W.  Smith, 
Georgia  Institute  of  Technology,  Atlanta,  GA  30332 

Fenced  flow,  thermal  gradient  CVI  (FCVI)  has 
Demonstrated  excellent  potential  for  fabrication  of  high 
strength,  high  toughness  ceramic  composites.  Extension  of 
tras  process  to  large  and  complex  shapes  is  facilitated  by 
use  of  a  computer  model  to  optimize  process  conditions  and 
hardware  for  rapid,  uniform  infiltration. 

A  3-D  model  has  been  developed  using  a  "finite  volume" 
formiiar ion.  A  steady-state  solution  for  heat  conduction 
and  Darcy's  law  permeation  produces  temperature  and  gas  flow 
distributions  within  the  fiber  preform.  These  are  used  to 
generated  matrix  deposition  rates  within  each  volume 


Li .  9 

CHEMICAL  VAPOR  INFILTRATION  OF  POROUS  PREFORMS: 
EVOLUTION  OF  DENSIFICATION  Herman  C.T.  Cheng.  E.I.  du 
Pont  de  Nemours  &  Co.,  Wilmington,  DE;  and  Brian  Heble  and  Stanley 
Middleman.  University  of  California,  San  Diego,  La  Jolla,  CA. 

Composite  materials  can  be  prepared  starting  with  a  porous  textile 
preform  upon  which  chemical  vapor  deposition  occurs.  Infiltration  of 
the  porosity  by  the  precursor  gases  permits  solid  film  growth  within  the 
preform.  Resistance  to  diffusion  within  the  porous  structure  limits  the 
rate  of  densification,  and  has  the  potential  to  severely  affect  the 
uniformity  of  densification  throughout  the  evolving  solid  structure. 

Using  a  simple  model  of  the  geometry  of  a  densifying  structure  we  have 
developed  a  method  of  simulating  the  rate  and  spatial  uniformity  of 
densification  of  the  evolving  structure.  Two  example  simulations  are 
presented  in  answer  to  two  questions  we  have  raised: 

•  How  can  an  initially  nonuniform  preform  be  selected  that  will  evolve 
toward  a  uniformly  densified  structure? 

•  How  does  the  variance  of  an  initially  nonuniform  preform  evolve  in 
time? 


LI  .10 

ANALYTICAL  SIMULATION  OF  AN  IMPROVED  CVI  PROCESS 
FOR  FORMING  HIGHLY  DENSIFIED  CERAMIC  COMPOSITES. 
Nvan-Hwa  Tai  and  Tsu-Wei  Chou,  Center  for  Composite  Materials 
Department  of  Mechanical  Engineering.  University  of  Delaware.  Newark, 
DE,  19716 

Among  the  various  chemical  routes  for  forming  ceramic  composites,  the 
chemical  vapor  infiltration  (CVI)  technique  is  attractive  because  of  us 
relatively  low  process  temperature.  The  properties  of  the  ceramic 
composites  which  are  formed  by  the  CVI  process,  are  strongly  influenced 
by  the  fabrication  parameters,  these  parameters  include  the  temperaiure 
boundary  conditions,  concentration  of  the  vapor  species,  pressure 
adjustment  during  processing,  fiber  diameter,  fiber  content,  and  the  spatial 
arrangement  of  fibers  in  the  preform.  In  the  present  work.  Darcy’s  law 
has  been  adopted  to  simulate  the  flow  field  in  the  fibrous  preform; 
furthermore,  the  temperature  and  density  distributions  within  the  fibrous 
preform  during  processing  are  also  investigated.  A  3-D  uni:  cell  has  been 
used  for  simulating  the  fiber  arrangement  in  the  preform.  The 
advancement  of  the  solidified  front  from  high  tempe.  ature  region  to  low 
temperature  region  has  been  determined.  Highly  densified  ceramic 
composites  can  be  fabricated  by  the  CVI  process  through  the  adjustment 
of  temperature  boundary  conditions  and  concentrations  of  the  vapor 
species.  The  flow-  field  and  solidified  front  growth  after  preform 
reorientation  will  also  be  reported. 


LI .  11 

A  MODEL  FOR  CHEMICAL  VAPOR  INFILTRATION  OF  FIBROUS 
SUBSTRATES.  Raiesh  R  Melkote.  Department  of  Chemical 
Engineering  and  Materials  Science.  University  of  Minnesota. 
Minneapolis.  MN  55455.  and  Klavs  F.  Jensen.  Department  of  Chemical 
Eneineenng.  Massachusetts  Institute  of  Technology,  Cambndce,  MA 
02139. 


Chemical  vapor  infiltration  (CVI)  is  growing  in  importance  as  a  viable 
means  of  producing  fiber-reinforced  composites,  but  the  process  is  far 
from  completely  understood.  A  model  is  presented  here  for  the  CVI  of 
random  short-fiber  substrates  which  includes,  for  the  first  time,  the 
calculation  of  internal  void  formation  responsible  for  undesirable 
"residual  porosity"  in  the  final  composite.  The  gas-phase  precursor 
continuity  equation  is  solvea  along  with  the  equations  for  local  fiber 
growth  due  to  solids  deposition  over  an  isotropic  fully  penetrable 
cylinders  (FPC)  medium  representing  the  actual  preform.  The  transport 
and  accessibility  characteristics  of  the  FPC  model  are  evaluated  by 
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Monte  Carlo  simulation,  and  the  geometric  properties  are  calculated 
using  derived  analytical  expressions. 

Results  will  be  presented  for  internal  deposition  profiles  as  well  as  less- 
readily  available  quantities  such  as  surface  area  as  a  function  of  process 
variables  such  as  temperature,  pressure,  and  initial  porosity.  The 
percolation  threshold  of  the  FPC  structure  is  shown  to  imply  an  upper 
densification  limit  which  is  less  than  the  theoretical  maximum.  The 
relationship  between  substrate  density  increase  and  open  porosity  during 
infiltration,  which  to  date  has  been  empirically  fit,  is  predicted  here  from 
first  principles.  Under  isothermal  conditions,  diffusion  limitations 
result  in  gradients  in  matrix  deposit  density,  with  preferential  deposition 
m  thr  )•  •  cr  sutface,  especially  at  high  temperatures.  This  necessitates 
periodic  machining  to  open  pathways  to  the  interior.  Imposition  of  an 
adverse  thermal  gradient  across  the  slab  will  be  shown  to  circumvent 
this  primary  disadvantage  of  the  isothermal  technique  by  allowing  better 
control  of  intrasubstrate  deposition  rates. 

LI.  12 

i'.'ip” — TRANSPORT.  REACTION.  AND  TORE  STRUCTURE  EVOLUTION 
U.R.NG  DENSIFICATION  OF  CELLULAR  OR  FIBROUS  STRUCTURES. 

— — —  — — — - — - — - - r’  '  _ ’ 1  '  s  and  Mano  1  i s  Tomadalcis,  Department  of 

-r.erricai  Engineering,  University  of  Rochester,  Rochester,  NY 


..atnematicol  models  describing  mass  transport,  heat 
.  lai.sport.  re.icrioi.  and  pore  s’ructure  evolution  in  porous 
media  of  untidily  fibrous  ur  cellular  structure  are 
Jeve.oped  T:.e  tr.dels  are  used  to  theoretically  investigate 

•e  transient  :>■  *  avior  of  the  densification  process  during 
preparation  c-f  refractory  ceramics  bv  chemical  vapor 
...ration  of  Usrous  or  cellular  preforms.  Monte  Carlo 
Iimu.atior.  methods  are  employed  to  determine  the  variation 
me  local  average'  structural  properties  of  the  porous 
structure  (porosity.  internal  surface  area.  accessible 
porosity,  accessible  internal  surface  area,  etc.)  and  of  the 
effective  diffusivity  in  the  porous  medium  with  the  local 
extent  of  densification.  Assemblages  of  spherical  cavities 
overlapping  with  populations  of  cylindrical  capillaries  are 
used  to  model  the  structure  of  cellular  preforms.  The 
information  obtained  from  the  above  computations  is  then 
used  in  a  macroscopic  reaction  and  diffusion  model  to 
credit  •-  'f (cation  and  closed  porosity  profiles  in 

the  substrate.  The  results  of  our  machemacical  models  are 
compared  with  experimental  data  reported  in  the  literature 
for  SiC/SiC  composites  manufactured  by  densifving  preforms 
c.  s.i.con  carbide  fibers.  Or.  the  basis  of  our  simulation 
results,  optimal  reaction  temperature,  temperature  gradient, 
and  pressure  histories  are  proposed  for  reducing  the 
processing  time  needed  for  obtaining  "uniformly"  densified 
composites 


L2  .  1 

SURFACE  CHEMISTRY  OF  AIN  PRECURSORS  ON  SILICA.  M.F.. 
Bartram.  T.A.  Michalske,  and  J.W.  Rogers,  Jr.,  Sandia  National 
Laboratories,  Albuquerque,  NM  87185. 

FT1R.  TPD,  and  XPS  ha”e  been  used  to  study  the  nuclealion  and 
decomposition  of  AIN  precursors  on  the  surface  of  silica.  NH3  reacts 
selectively  with  the  aluminum  alkyl  surface  complex  produced  by 
tnmethylaluminum  (TMA)  chemisorption  to  form  a  new  product  on  the 
surface  that  is  stable  in  high  vacuum  at  300  K.  The  vibrational  spectrum 
of  this  species  is  similar  to  that  of  the  TMA:NH3  adduct  known  in  the 
condensed  phase  and  may  be  consistent  with  the  formation  of  an 
analogous  structure  that  is  bonded  to  the  surface  via  an  Al-O-Si  linkage. 
Formation  of  this  surface  adduct  alters  the  chemistry  of  the  ..linum 
alkyl  component  and  leads  to  -NH2-  cross-linking  between  the  aluminum 
centers  by  550  K.  This  surface  chemistry  will  be  compared  to  that  of  the 
analogous  systems,  NH3  +  triethylaluminum  and  triisobutylaluminum  on 
silica. 


L2 . 2 

SURFACE  COMPOSITION  BY  RESONANT  SUM  FREQUENCY  GENERATION 
DURING  CHEMICAL  VAPOR  DEPOSITION.  Karen  L.  Carleton  and 
William  J.  Marinelll,  Physical  Sciences  Inc.,  Andover, 

MA  01810 

Second  harmonic  generation  (SHG)  and  sua  frequency  genera¬ 
tion  (SPG)  are  used  to  probe  the  initial  stages  of  growth 
of  aetal  films  on  silicon  (100)  surfaces.  The  aetal  is 
deposited  by  theraal  decoaposition  of  organoaetalllc 
species  such  as  triaethylaluainua.  These  nonlinear 
optical  probes  of  the  alualnua  overlayer  aay  be  resonantly 
enhanced  by  tuning  the  probe  laser  in  resonance  with 
alualnua  atomic  transitions.  This  yields  chemically 
specific  detection  of  the  surface  coaposition.  The  SPG 
aethod  will  be  correlated  vith  Auger  aeasureaents  of  the 
deposited  overlayer  under  UHV  conditions.  However,  the 
technique  is  also  applicable  under  actual  CVD  grovth 
conditions. 


L2.3 

INTERACTION  OF  BORAZINE  WITH  A  R£(0001)  SURFACE,  STUDIED  BY 
LEED,  TPD,  AES  AND  ELS.  J.-W.  He  and  D.  U.  Goodman. 
Department  of  Chemistry,  Texas  A&M  University,  College 
Station,  Texas  77843. 

The  interaction  of  borazine  (N3B3H6)  with  a  Re(0001)  surface 
has  been  studied  by  low  energy  electron  diffraction  (LEED), 
thermal  desorption  spectroscopy  (TDS) ,  Auger  electron 
spectroscopy  (AES)  and  electron  energy  loss  spectroscopy 
(ELS).  Two  '  D  patterns  have  been  observed  following 
borazine  adsor,  .ion  and  annealing.  One  is  the  2x2  structure, 
assigned  to  arise  from  atomic  nitrogen.  The  other  is  the 
3'x2l'  pattern  and  is  related  to  boron.  The  appearance  of  the 
two  patterns  indicates  that  borazine  dissociates  below  570K. 
With  a  high  exposure  (>6L)  of  borazine  and  a  subsequent 
annealing,  only  the  well  formed  3tx214  pattern  is  observed. 
Completion  of  this  boron  structure  depends  on  both  the 
surface  boron  coverage  and  the  annealing  temperature. 
Thermal  desorption  spectra  show  three  states  for  borazine  (a, 
01  and  e2)  and  three  states  for  hydrogen  (a,  0X,  02) .  The  a 
state  in  the  borazine  desorption  spectrum  is  due  to 
desorption  of  multilayers  of  borazine.  The  0  state  hydrogen 
is  shown  to  correspond  primarily  to  decomposition  of 
borazine.  Two  desorption  states  of  nitrogen  at  T>1300K  are 
’’  o  observed  and  correspond  to  the  decomposition  of 
borazine.  AE  data  show  that  borazine  decomposes  to  boron 
nitride  when  irradiated  with  a  2keV  e'-beam.  Chemisorbed 
borazine,  on  the  other  hand,  without  e’-beam  irradiation, 
dissociates  into  atomic  nitrogen  and  boron  upon  annealing  to 
T>450K.  ELS  results  corroborate  the  LEED.  TDS,  and  AES  data 
that  borazine  adsorbs  on  Re(0001)  non-dissociatively  at  115K 
and  dissociates  into  N  and  B  upon  annealing  to  -600K. 


L2 . 4 

EARLY  GROWTH  IN  THE  CHEMICAL  VAPOR  DEPOSITION  OF 
TIN,  TIC  AND  SiC  AND  MONITORING  BY  LASER  SCATTER¬ 
ING.  Max  ..KLsin,  and  Bernard  Gallois,  Department 
of  Materials  Science  and  Engineering,  Stevens 
Institute  of  Technology,  Hoboken,  NJ. 

The  early  growth  of  TiN,  TiC  and  Sic  coatings  by 
CVD  on  various  substrates  has  been  studied  to 
gain  an  understanding  of  the  development  of 
growth  morpholoqies .  While  continued  growth  of 
these  coatings  generally  results  in  columnar 
grains,  such  morphologies  do  not  necessarily 
originate  at  the  substrate/coating  Interface. 
Rather,  deposition  begins  on  the  substrate  at  a 
low  rate,  often  as  fine  grains,  and  can  continue 
to  deposit  for  a  short  time  before  the  onset  of 
columnar  grain  growth,  which  continues  at  a 
higher  rate. 

A  laser  scattering  technique  has  been  developed 
as  a  tool  for  characterizing  the  early  growths 
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through  their  surface  roughness.  This  non-contact 
method  Is  being  used  as  an  in-situ  diagnostic  by 
detecting  changes  in  the  growing  deposit  surface. 
For  the  earliest  growths,  a  set  of  surface 
statistics,  including  rms  roughness  and  lateral 
spacing  of  features,  can  be  calculated. 

L2.5 

LIGHT  SCATTERING  MEASUREMENTS  OF  CVD  SILICON  CARBIDE, 

H  V.  Sheldon  and  T.  M.  Besreann,  Metals  and  Ceramics 
Division,  Oak  Rldg’  National  Laboratory,  Oak  Ridge  TN 
37831. 


Surface  morphologies  created  by  the  chemical  vapor 
depostion  of  silicon  carbide  were  examined  with  light 
scattering.  Silicon  carbide  was  deposited  from 
methyltrichlorosilane  under  various  conditions,  and  for 
various  lengths  of  time  to  create  different  surfaces.  A 
HeNe  laser  source  was  used,  and  the  scattered  light  was 
measured  over  a  range  of  scattering  angles.  These 
measurements  are  compared  to  SEM  observations  and 
profilometer  measurements  of  the  same  surfaces.  In  theory, 
the  scattered  light  contains  all  of  the  information  needed 
to  provide  a  statistical  description  of  a  given  surface, 
however ,  a  complete  vector  theory  for  Che  scattering 
phenomena  is  too  complex  to  provide  any  simple  basis  for 
experimental  analysis.  The  application  and  limits  of 
existing  d~  ions  of  scattering  from  a  rough  surface 

.re  discussed.  The  possible  future  use  of  light  scattering 
for  in-situ  CVD  measurements  is  also  discussed. 


L2 . 6 

IN  SITU  GROWTH  MONITORING  OF  TUNGSTEN  BY  REFLECTOMETRY 

Aiben  Hasper.  Jisk  Holleman  .Jan  Middelhoek  University  of  Twente, 
Enschede,  The  Netherlands 

Reflectometry  has  already  been  proven  to  be  a  valuable  tool  for 
measuring  deposition  and  etch  rates  of  (semi)transparent  layers  e  g 
Si02  on  Si  It  has  also  been  demonstrated  that  etch  rates  of  mono  Si 
can  be  measured  by  using  a  grating  as  a  mask 

In  the  Tungsten  case  which  has  a  high  extinction  coefficient  3 
applications  of  reflectometry  will  be  presented 

1  End  point  detection  of  Tungsten  growth  via  Si  reduction. 

The  reflection  versus  time  curve  for  a  Si  wafer  with  or  without  a 
native  oxide  shows  strong  differences  due  to  the  tetarding  by  the 
native  oxide  of  the  reduction  process. 


J  P  Piel ,  SOPRA,  26/68  rue  Pierre  Joigneaux,  92270 
Bois-Colombes,  FRANCE.  L  C  Hammond,  ARIES/QEI,  5A1 
Damonmill  Square,  concord  HA  01742,  USA. 

Spectroscopic  ellipeometry  (SE)  has  been  used  for 
accurate  measurement  of  thickness  and  refractive 
indices,  N  and  K,  over  the  spectral  range  1.3  to 
5.3  ev.  By  drawing  curves  of  N  and  K  against 
wavelength,  it  is  possible  to  recognize  the  nature 
of  a  surface  as  a  unique  'fingerprint'. 

Material  surfaces  will  have  a  characteristic  fin¬ 
gerprint  in  the  complex  pl^ne  of  the  refractive 
index.  Families  of  materials  such  as  metals, 
semiconductors,  dielectrics,  polymers,  silicides, 
etc.  have  different  characteristics. 

The  spectrum  can  be  measured  rapidly  by  an  instru¬ 
ment  such  as  the  MOSS  (Multilayer  Optical 
Spectrometric  Scanner)  from  SOPRA;  in  less  than  1 
second  for  a  multichannel  model. 

Subsequent  data  analysis  will  allow  the  calcula¬ 
tion  ,f  (l)  N  and  K  of  a  substrate,  (2)  N  and 
thick; ess,  T,  (3)  N  and  K  of  a  layer  where  the 
thickr  :ss  is  known.  Refractive  index  values  for 
each  e  ergy  step  are  plotted  in  the  N  and  K  plane 
and  are  compared  with  'families'  of  curves  of  in¬ 
dices  of  other  materials  to  determine  its  nature. 

L2.8 

INITIAL  STAGES  IN  THE  GROWTH  OF  OXIDE  THIN  FILMS  BY 
CVD.  L.A.  Tietz.  S.R.  Summerfelt,  G.R.  English,  and  C.B.  Cartel, 
Department  of  Materials  Science  and  Engineering,  Cornell  University, 
Ithaca.  NY  14853. 

A  technique  has  been  developed  for  studying  the  early  stages  of  the  hetero- 
epitactic  nucleation  and  growth  of  oxide  thin  Films  by  transmission  electron 
microscopy  (TEM).  Chemical  vapor  deposition  (CVD)  has  been  used  to 
grow  hematite  (a-Fe^Oj)  on  self-supporting,  ion-thinned,  sapphire  TEM 
foils.  Prior  to  deposition,  the  foils  were  given  a  special  cleaning  and 
annealing  treatment  to  produce  "clean”,  well-defined,  stepped  surfaces. 
Observations  of  ot-Fe2C>3  grown  on  four  different  orientations  of  sapphire 
--  (0001),  { 1 102),  ( 1010),  and  { 1120)  -  using  bright-field  imaging  and 
selected-area  diffraction  (SAD)  are  discussed  in  this  paper. 


2  In  situ  Tungsten  surface  roughness  measurement  lor  the  H2  and  SiHi 
reduction  caae. 

Tne  surface  roughness. 0  is  given  by: 

;,0|°9(r°/r»V2 

Surface  roughness  from  5  to  100  nm  can  be  measured  in  situ.  The  etlecl 
of  renucleation  can  be  studied 


3. In  situ  aelectiva  growth  rale  measurement  by  using  an  Si02  grating 
as  a  mask. 

'  .  1 .  .viiiji  ien  is  grown  selectively  on  a  substrate  masked  by  an  Si02 
grating  the  0-order  reflection  versus  time  shows  a  sinusoidal  wave 
given  by 


R  =  1/4 


*  L,exp(  i  2/1) 


♦  r^expl  j20)+  3' 


r  ,exp(j27) 


From  this  the  growth  rate  can  be  calculated 


The  a-FeiOj  grew  in  an  island-growth  mode  on  all  four  substrate 
orientations.  a-FejOj  and  OC-AI2O3  have  the  same  corundum-type 
structure  with  a  5.5%  lattice  misfit.  Analysis  of  moir<  fringes  and  SAD 
patterns  showed  hetero-epitactic  growth  on  each  type  of  substrate,  but 
different,  distinctive,  ;sland  morphologies.  The  island  morphology  on  the 
two  prismatic  surfaces  of  sapphire  indicated  a  strong  preference  for  growth 
parallel  to  (0001)  under  our  growth  conditions.  On  (0001)  substrates,  all 
of  the  islands  were  associated  with  surface  steps  indicating  preferential 
nucleation  at  these  sites.  Pronounced  facetting  of  the  islands  parallel  to 
low-index  planes  was  observed.  In  contrast,  a-Fe203  grown  on  the 
(1102)  surface  of  alumina  exhibited  a  more  irregular  morphology  and 
distorted  moirt  fringe  patterns. 


L2 . 7 


A  NEW  APPLICATION  OF  SPECTROSCOPIC  ELLIPSOMETER :  A 
FAST,  NON-DESTRUCTIVE  TECHNIQUE  FOR  SURFACE  RECOG¬ 
NITION  AND  CLASSIFICATION.  J  L  Stehle,  J  H  Lecah 
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MECHANISTIC  STUDIES  OF  THE  CHEMICAL  VALOR  DEPOSITION  OF 
AIN  FILMS  USING  OTCANOMETALLIC  PRECURSORS:  ( RoA 1NH2 1 3 
Carmel a  C.  Amato,  Leonard  V.  lnterrante,  and  John  B.  Hudson, 
Departments  of  Chemistry  and  Materials  Engineering, 
Rensselaer  Polytechnic  Institute,  Troy,  NY  12180-3590. 

The  gas  phase  and  surface  chemistries  of  a  series  of 
organometa 1  lie  precursors  to  AIN,  i.e.  IRjAINHjIj, 

(where  R  is  methyl,  ethyl,  iso-butyl,  or  tert-butyl),  are 
currently  under  investigation.  The  volatile  precursor, 

( Me2AINH2 ] 3 ,  deposits  AIN  films  on  silicon  substrates 
at  temperatures  varying  from  400c,-800°C  in  a  low  pressure 
(ca.  80-100  mtorr)  chemical  vapor  deposition  system.  The 
gaseous  products  are  analyzed  by  GC-FTIR.  The  mechanistics 
and  kinetics  of  this  OMCVD  process  are  studied  using  a 
molecular  beam  UHV  system.  Detection  of  the  reaction 
products  is  performed  by  mass  spectrometry. 

L2 . 1 0 

MECHANISTIC  ASPECTS  OF  THE  DEPOSITION  OF  THIN 
ALUMINA  FILMS  DEPOSITED  BY  MOCVD. 

R  W  J  Morssmkhol  T.  Fransen,  M.M.D.  Heusinkvdd  and  P.J.  Gellings. 
University  of  Twenle,  P  O.  Box  217,  7500  AE  Enschede.  The  Nether¬ 
lands. 

Thin  alumina  films  were  deposited  on  stainless  steel  by  Metal  Organic 
Chemical  Vapor  Deposition,  using  Aluminum-Xri-Jsopropoxide  as 
reactant  The  aim  of  this  research  was  to  prepare  the  alumina  films,  and 
to  optimize  the  process  parameters  for  obtaining  the  best  coatings  with 
respect  to  the  protective  properties  in  oxygen  and  sulphur  containing 
atmospheres.  For  this  optimization,  the  reaction  mechanism  of  the 
decomposition  of  ATI  and  deposition  of  ALCfj  have  been  studied  by 
thermogravimetry,  differential  scanning  calorimetry  and  mass 
spectrometry. 

The  experiments  indicate  that  the  optimum  reaction  conditions  involve 
two  steps,  the  decomposition  of  ATI  to  Al(OH),,  followed  by  diffusion 
to  and  reaction  at  the  substrate  surface.  Above  235  °C  amorphous  AljOj 
films  are  formed.  The  deposition  experiments  show  that  the  reaction  in 
the  gas  phase  is  an  important  factor.  It  determines  the  homogeneity  of 
the  deposition  rate  along  the  reactor,  and  the  quality  of  the  coating.  Due 
to  lack  of  a  gas  phase  reaction  below  300  °C,  the  order  of  the  surface 
reaction  could  be  determined  and  appeared  to  be  2.  Also  the  activation 
energy  was  determined,  and  was  found  to  be  15  kJ/mol.  This  low  value 
is  in  contradiction  with  the  observed  homogeneous  coating,  indicative  of 
reaction  limited  growth 

The  conclusion  is  that  the  reaction  mechanism  may  be  explained  bv 
Langmuir  type  adsorption  followed  by  the  reaction  of  two  adsorbed 
species  at  the  surface. 

L2 .11 

r,tjt  phase  characterization  in  lr  cvd  processes  by  a  perfor- 

MANT  RAMAN  EQUIPMENT.  R.  Gaufres  and  P.  Hjguet,  U.S.7.I., 
34060  M0NIPELLIER  CEDEX  1~(  France).  0.  Goya  and  J.  Lafforet, 
Comurhex,  BP  29,  26701  PIEPRELATTE  CEDEX  (France). 

SDontaneous  Raman  scattering  my  be  used  as  a  technique  for 
the  characterization  of  gas  phase  in  LP  CV0  processes,  pro¬ 
vide  that  the  performances  of  the  equipment  are  somewhat 
improved,  in  comparison  with  common  desiqns.  It  thus  appears 
as  a  lower  cost  and  simpler  technique  than  CARS. 

A  reactor,  which  reproduces  the  industrial  conditions  of  W 
deposition  from  WFe  and  H2 ,  is  put  into  the  cavity  of  an 
argon  laser.  The  spectra  are  recorded  with  a  multichannel 
spectrometer,  equipped  of  an  intensified  detection.  Spectra 
of  satisfactory  3/N  ratio  are  obtained  with  pressures  down 
to  1  mbar  and  temperatures  up  to  1000  K. 

Temperature  and  composition  may  be  measured  as  a  function 
of  the  distance  from  the  substrate.  It  has  been  found  that, 
at  a  pressure  of  40  mbar  of  pure  hydrogen,  the  rotational 
temperature  of  the  gas  is  higher,  by  about  100  K,  than  the 
temperature  of  the  substrate,  at  a  distance  of  about  3  mm. 
This  phenomenon,  very  important  in  the  interpretation  of 


CVD  mechanism,  will  be  discussed  in  terms  of  collisional 

->ff-y  t<;  and  relaxation. 

L2.12 

GAS  PHASE  REACTIONS  RELEVANT  TO  CHEMICAL  VAPOR 
DEPOSITION:  OPTICAL  DIAGNOSTICS.  D  Burpess  Jr 

National  Institute  of  Standards  and  Technology, 
Gaithersburg,  MD  20899. 

Optical  emission  and  laser- induced  fluorescence  (LIF) 
have  been  used  to  study  thermal-  and  laser-driven 
chemical  processes  in  the  gas  phase  pertaining  to  the 
systems:  SiH4  -»  Si  and  SiH4  +  NH3  ■*  Si3N4  .  These 
processes  are  important  to  silicon/silicon-nitride 
chemical  vapor  deposition  (CVD),  to  flame-driven  gas 
phase  silicon-based  particle  nucleation,  and  to  laser- 
induced  processes  for  materials  fabrication. 

UV  laser  (193  nm)  photolysis  was  used  to  generate 
reactive  SiH,  and  NH,  species.  Emission  from  NH  (A-X) 
near  338  nm  was  by  far  the  most  intense.  In  addition, 
more  complex  emission  from  vibrational  bands  of  the  NH2 
Ea-X)  transition  in  the  region  600-800  nm  was  observed. 
A  number  of  bands  (v2=4-9)  in  the  progression 
(0 ,  v2  , 0)-»(0 , 0 , 0)  were  found  with  those  transitions 
orginating  in  vJ=4-6  being  much  more  intense.  Narrow 
band  emission  with  well  defined  heads  (suggesting 
diatomic)  from  Si-containing  species  was  recorded  at 
375/381,  387,  and  418/930/437  nm.  These  were 
tentatively  identified  as  hot  bands  (v'=2,3)  of  the  SiH 
(A-X)  system,  although  many  Si2  (H-X)  transitions  are 
also  known  in  the  390-430  nm  region.  The  kinetics  of  a 
number  of  important  reactions:  NH2  +  SiH4 ,  SiH2  +  SiH4 , 
n-cl  5 ( H2  +  SiH2  are  currently  being  investigated  using  a 
photrlysls/LIF  pump/probe  experiment  under  low 
concencration/pressure  conditions  (0.01-1  torr) .  These 
experimental  results  are  being  used  in  conjuction  with 
an  ongoing  chemical  kinetics  modeling  program. 

L2.13 

.'MALL.  IV.  A 1  i  :  Ai-.b  1  '.'A7  I '  N  AND  'HAT- A  "71. F  I  ,’.AT  l  •  ‘N 
OF  CERAMIC  M  A  T  1  F  !  A  L  S  .  J  e  :  r  y  z  a  r  r,  *  ;•  k  i  , 
Edqardo  r  rar.r  Lav  ,3  Thu  mi  m;  Cal.r.  Instru¬ 

ments,  1-  207  -(J  f  *,«ri ;  t  a  ,  Terr  it  os,  CA  90701 

Fabrication  of  retamic  and  composite  mater  ip  Is 
involves  many  variables,  so  opt i mi  rat :on  of 
the  process  requires  many  tests  using  very 
expensive  equipment  and  significant  amounts 
of  costly  precursors.  Experiments  with 
environment-controlled  vacuum  furnaces  are 
lacking  very  important  kind  of  information, 
mat  is  m  most  cases  there  is  no  continuous 
monitoring  of  the  kinetics  of  the  deposition 
process . 

A  h i gh-capaci t y ,  high-temperature 
thermobalance,  equipped  with  a  controller  of 
gas  and  vapor  composition  and  pressure 
has  been  applied  for  monitoring  of  a  high- 
temperature  meta 1 -ceramic  composite  material. 
CVD  process  of  subsequent  deposition  of 
tungsten,  tungsten  carbide  linterlayer)  and 
AI2O3  (coating)  has  been  monitored 
gravimet r ica 1 ly . 

In  the  second  stage  of  the  experiment  the  same 
thermobalance  has  been  used  for  characteriza¬ 
tion  of  the  oxidation  rate  cf  the  product 
obtained,  allowing  fast  prediction  of  the 
service  life  as  function  of  the  CVD  process 
used  to  fabricate  that  part. 
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L3.1 

CORRELATION  AMONG  PROCESS  ROUTES,  MICROSTRUC¬ 
TURES  AND  PROPERTIES  OF  CHEMICALLY  VAPOR 
DEPOSITED  SILICON  CARBIDE.  Robcn  F.  Davis.  North  Carolina 
Stale  University,  Box  7907,  Raleigh,  NC 

Chemically  vapor  deposited  silicon  carbide  is  simultaneously  a  strong, 
oxidation  resistant,  diffusion  limiting  coating  and  composite  matrix  and 
a  wide  bandgap  semiconductor  for  high-temperature,  -power, 
-frequency  and  radiation  hard  applications.  The  former  is  produced, 
usually  from  trimethyldichlorosilane  carried  in  H2.  It  normally 
possesses  a  highly  faulted,  columnar  microstructure  containing  a 
random  mixture  of  the  cubic  beta  (3c)  and  hexagonal  or  rhomahedral 
alpha  (of  which  6H  is  dominant)  polytypes.  Deformation  of  this 
material  at  high  temperatures  (1848  •  2023K)  and  stresses  (110  -  220 
MN/rrP)  occurs  by  dislocation  glide  controlled  by  the  Peierls  stress.  By 
contrast,  high  purity,  low  defect  density,  single  crystal  films  of  pure 
beta  or  6H-SiC  can  be  grown  on  monocrystalline  Si(100)  or  SiC  (0001) 
substrates.  Doping,  oxidation  and  device  fabrication  procedures  have 
been  developed  which  have  resulted  in  power  and  light  emitting  diodes 
as  well  as  field  effect  transistors.  Various  process  routes  will  be 
discussed  and  accompanied  by  the  results  of  various  analytical  and 
physical  property  results. 


L3 . 2 

MICROSTRUCTURAL  CHARACTERIZATION  OF  MULTIPHASE 
COATINGS  PRODUCED  BY  CHEMICAL  VAPOR  DEPOSITION. 
K.L.  More.  R.A.  Lowden.  T.A.  Besmann,  and  R.D.  James,  Metals 
and  Ceramics  Division.  P.O.  Box  2008,  Oak  Ridge  National 
LaDoratory.  Oak  Ridge,  TN  37831-6064. 

Chemical  vapor  deposition  (CVD)  has  been  utilized  to  produce 
multiphase  coatings  of  various  compositions  within  a  given  system 
using  several  processing  conditions.  The  coating  systems  to  be 
discussed  include  S1-M0-C,  Si-Cr-C,  and  Si-Ti-C.  Thermodynamic 
calculations  have  been  made  for  a  variety  of  experimental 
conditions  within  each  system.  Scanning  electron  microscopy, 
transmission  and  analytical  electron  microscopy,  and  x-ray 
diffraction  techniques  have  been  used  to  thoroughly  characterize 
the  microstructures  and  to  determine  compositions  of  the  coatings 
as  a  function  of  CVD  processing  conditions. 

L3 . 3 

CHEMICAL  VAPOR  DEPOSITION  0E  SILICON  BORIDES. 

T.  G0-T0,  M.  MUKAIDA  AND  T.  H I R  A I ,  INSTITUTE  FOR 
MATERIALS  RESEARCH,  T0H0KU  UNIVERSITY,  JAPAN. 

Silicon  oorides  ire  a  candidate  for  h  1  g  h  - 
temperature  thermoelectric  materials  because  of 
their  superior  oxidation  resistance  and  high 
Sec  beck  coefficients.  Many  kinds  of  silicon 

Dorides  such  S 1  8  4 ,  SiBg  and  SiB-|4  are  known, 
however  their  intrinsic  thermoelectric 
properties  have  not  been  well  understood.  In 
the  present  work,  high-purity  and  high-density 
S164  and  SiBg  thick  plates  were  prepared  by 
chemical  vapor  deposition,  and  their 
thermoelectric  properties  were  measured. 

ne  silicon  borides  (  S  1  B  4  and  SiB^)  were 
prepared  using  S 1 C 1 4 ,  an<^  ^2  on  9raphite 

substrates.  The  deposition  temperature  ranged 
from  1323  to  1773K,  total  gas  pressure  from  4  to 
AOkPa,  and  the  B  to  Si  molar  ratio  in  the  source 
gases  from  0.2  to  2.8. 

ini  u.i)  conditions  to  prepare  the  monolithic 
S1B4  and  SiBc  were  shown.  The  lattice 
parameters  and  densities  were  in  agreement  with 
literature  values.  The  composition  of  the  CVD- 
S i B  ^  was  stoichiometric,  but  that  of  the  CVD- 
S164  varied  depending  on  CVD  conditions.  The 
Seebeck  coefficient  of  the  CVD-S1B4  was  nearly 
constant  (about  100uV/deg),  but  that  of  the  C V D - 


S i B  g  increased  with  increasing  temperature  from 
200uV/deg  (at  400K)  to  300uV/deg  (at  900K). 
The  measurements  of  Hall  mobilities  suggest  that 
the  conduction  mechanism  of  the  SiBg  is  hopping. 


L3.4 

CHARACTERIZATION  OF  SILICIDE  FORMATION  OF  LPCVD-W  BY  MEANS 
OF  RBS  AND  )®D.  S. -L.  Zhang  and  R.  Buchta,  Swedish 
Institute  of  Microelectronics,  164  21  Klsta,  Sweden;  M. 
Ostling,  The  Royal  Institute  of  Technology-Electrum,  Solid 
State  Electronics.  164  28  Klsta,  Sweden. 

The  WSi2  formation  has  been  studied  by  means  of  RBS  and 
XRD  techniques.  The  sllicide  was  formed  by  annealing  200 
nm  to  750  nm  thick  LPCVD-W  films  deposited  on  1.5  -  4.0 
ficm  p-type  <100>-Si  substrates.  Deposition  temperatures 
were  300  -350  ’C.  The  thickness  of  the  formed  USi2  was 
observed  to  increase  parabollcally  with  the  annealing 
time.  This  agrees  with  the  behavior  found  In  the  literat¬ 
ure  for  sputter  deposited  U  films. 

The  crystal  structures  of  the  grown  USi2  and  the  remaining 
U  films  were  studied  by  XRD. The  structure  Is  strongly 
dependent  on  the  thermal  history  of  the  samples.  The  as- 
depostted  W  films  become  more  oriented  to  the  <100>  direc¬ 
tion  with  increasing  film  thickness.  When  a  200  or  750  nm 
thick  W  film  sample  was  annealed  at  temperatures  from  700 
to  S00-C  the  remaining  W  films  became  more  oriented  to  the 
<!00>  direction  with  decreasing  U  film  thickness.  The 
preferred  orientation  of  the  grown  WSi2  films  was  also 
found  to  vary  with  the  slllcldatlon  conditions.  This  Indi¬ 
cates  that  the  simple  method  of  comparing  the  W  diffracti¬ 
on  peaks  of  the  remaining  U  film  after  heat  treatment  to  a 
reference  sample  will  unavoidably  Introduce  large  errors. 
Therefore,  compensation  of  the  orientation  change  of  the  W 
and  VSi2  films  during  heat  treatment  Is  required  if  XRD  is 
employed  to  study  the  kinetics  of  the  US12  formation. 

L3.5 

WCttOSTXUCTURE  Or  CVD  -  At  O  .  .1 .1, .  I  n.i)M  •  C.  Oia'fi.dU  an <1 

•i.r.  Sjos trend,  AK  SANPVjrV^KlwiANT,  h\,x  4 rnss,  S-12*  1?  STICKHOIM,  Swxtnr 

Chemical  Vapor  Deposition  of  alumind  on  cemented  carbide  cutting  tools  has 
been  industrial  praxis  for  more  than  If/  years  and  the  wear  properties  of 
Al.,0^  as  well  as  of  TiC  and  UN  have  been  discussed  extensively.  in  the 
literature.  However,  little  has  been  mentioned  about  the  kinetics,  stability 
and  microstructure  of  the  different  alumina  phases  and  how  the  formation  of 
these  phases  depends  on  the  deposition  process.  Alumina  crvstallizes  in 
several  different  phases.  The  oC -structure  (Corundum)  is  the  stable  phase  at 
tvpicol  deposition  temperatures  '950-1050  C).  The  metastable  ^-phase  is  the 
second  most  commonly  occurring  alumina  modi f icat ion  in  CVD-Al^O  .  Other 
infrequently  occurring  types  are  £  ,  ^  and£. 

Alumina  is  usually  deposited  on  cemented  carbide  pre-coated  with  TiC.  The 
conditions  during  the  early  nucleation  stage  determine  whether  the  -  or  the 
^-phase  or  a  mixture  thereof  is  going  to  grow.  Thermodynamic  calculations 
show  e.g.  that  the  presence  of  small  amounts  of  H  0  in  has  a  drastic 

effect.  At  about  30  ppm  H  0  car  oxidize  the  TiC  surface  Into  Ti  0,  which 
j  3  5 

favors  the  «( -phase  to  grow.  A  second  source  of  oxidation  is  CO^  In  the 

process  gas.  Most  likely  CO^  adsorbes  and  decomposes  on  the  TiC  surface 
before  the  surface  is  covered  with  A1.G  and  protected.  The  latter  oxidation 
is  enhanced  by  the  presence  of  Co.  CoSaTt,  in  small  amounts  originating  from 
the  cemented  carbide  substrate,  is  usually  unevenly  distributed  over  the  TiC 
surface.  This  results  in  enhanced  local  oxidation  and,  consequently,^  -A1  0 
is  Roing  to  grow  at  certain  locations  in  the  form  of  "spots". 

The  -phase  exhibits  a  me?**  coarse-grained  structure  and  has  a  higher 
density  than  the  K  -phase.  K  -phase  nucleates  on  a  "pure"  TIC  surface  with 
good  lattice  matching.  An  interesting  observation  Is  that  K  -phase  may 
transform  into®(  -phase  during  the  subaequent  growth  of  the  coating.  However, 
the  mi crostructure  of  this  transformed^  -phase  differs  from  the oC  -phase 
that  was  nucleated  directly  on  the  TIC  fTi^O  )  surface;  it  16  ftne-gralned 
and  sho«6  almost  the  same  morphology  as  the  jjf -Al^O^. 
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L3.6 

SELECTIVE  CHEMICAL  VAPOUR  DEPOSITION  OF  TUNGSTEN 
USING  SIHLt/WFp  CHEMISTRY  C.A.  van  der  Jeugd,  G.J.  Leusink, 
G.C.A.M.  Janssen,  S.  Rarielaar.  Centre  for  Submicron  Technology,  Delft 
University  of  Technology,  PO.box  5046,  2600  GA  Delft,  The 
Netherlands. 


Results  obtained  on  selective  CVD  of  tungsten  using  the  SiFU/WF^ 
chemistry  are  presented.  We  investigated  the  deposited  films  by  room 
temperature  resistivity  measurements,  Electron  Probe  Micro  Analysis 
(EPMA),  Auger  spectroscopy,  Rutherford  Back  Scattering  (RBS)  and  by 
measuring  the  resistivity  of  the  layers  between  10  K  and  330  K. 

It  was  found  that  the  room  temperature  resistivity  depends  strongly  on  the 
deposition  temperature.  At  deposition  temperatures  below  475  °C  the 
resistivity  is  higher  than  the  resistivity  obtained  with  the  Hn  process.  The 
room  temperature  resistivity  increases  from  10  pQ.cm  at  475  °C  to  «  50 
txO.cm  at  325  °C  for  a  SiR4/WF6=0.6  ratio.  This  resistivity  increase  is, 
according  to  the  EPMA  analysis,  due  to  the  incorporation  of  Si  (from  0.5 
at%  at  475  °C  to  3  at%  at  325  °C)  The  RBS  data  showed  the  layers  to  be 
compact  with  the  Si  incorporated  throughout  the  whole  layer  with, 
according  to  the  Auger  dialysis,  an  increase  in  Si  concentration  at  the 
surface.  Finally  the  low  temperature  resistivity  measurements  of  the  S1H4 
reduced  W  films  showed  an  anomalous  temperature  dependence.  The  films 
deposited  at  deposition  temperatures  between  325  °C  and  475  °C  at  a 
SiH4/WF6=0.6  ratio  showed  an  unexpected  increase  in  resistivity  when  the 
temperature  decreases  below  »  250  K.  The  magnitude  of  this  resistivity  step 
increases  with  decreasing  deposition  temperature  i.e.  increasing  Si  content. 


L3.7 

STUDY  OF  W  0„  OXIDE  PHASE  OBSERVED  IN  CVD  W 
FILMS.  Lawrence  A,  Pass.  Siva  Sivaram  and  Bryan 

Tracy,  3065  Bowers  Avenue,  Intel  Corporation,  Santa  Clara, 
CA  95051 


Chemical  vapor  deposited  tungsten  (CVD  W)  films  are 
extensively  used  in  VLSI  devices  as  metallizations  due  to  their 
attractive  properties  such  as  excellent  step  coverage  and  low 
resistivity.  Reduction  of  tungsten  hexaflouride  can  be 
accomplished  using  either  hydrogen  or  silane.  Transmission 
electron  microscopy  has  been  used  to  characterize  the 
microstructures  of  both  hydrogen  and  silane  reduced  CVD  W 
films.  Electron  diffraction  results  show  the  presence  of  extra 
rings  in  addition  to  fundamental  rings  which  correspond  to 
matrix  W.  The  spacings  of  these  rings  correspond  to  WJ0O5| 
oxide  phase.  Dark  field  imaging  of  the  extra  ring  shows  that 
the  oxide  phase  is  present  as  particles.  The  oxide  phase 
particles  are  uniformly  distributed  within  the  film.  The  average 
particle  size  of  the  oxide  particle  is  about  75  A,  and  is  found 
to  vary  with  thickness  of  W  films.  Oxygen  profiles  obtained 
from  Secondary  Ion  Mass  Spectrometry  have  shown  the 
presence  of  oxygen  which  is  consistent  with  the  microstructural 
observations.  Both  microstructural  and  structural 
characteristics  of  the  tungsten  and  the  oxide  phases  and  their 
correlation  with  the  physical  properties  are  presented. 


L3.8 

INVEST: GAT ION  OF  CVD  g-SlC  SURFACES  PRODUCED  VIA 
A  "NOVEL"  SURFACE  REPLICATION  PROCESS. 

A.rki  K.  Collins,  Joseph  T.  Keeley,  Michael  A. 
Picnering,  and  Raymond  L.  Taylor,  Morton  Thiokol, 
Inc. /CVD,  Woburn,  MA.  01801 


developed  a  model  to  describe  what  happens  in 
terms  of  reactions  and  microstructure  during  the 
replication  process. 

L4.1 

DESIGN  AND  DEVELOPMENT  OF  CVD  COATINGS.  V.K. 
Sarin .  Collage  of  Engineering,  Boston  University, 
Boston,  MA. 

The  efficacy  and  economic  benefits 
accompanying  the  application  of  CVD  coatings, 
especially  in  tribological  applications,  is  well 
established.  In  spite  of  their  tremendous 
commercial  success,  a  basic  understanding  of 
structure/property  relationships,  and  adhesive 
characteristics,  are  still  incomplete.  This 
information  limitation  has  been  an  impediment  to 
systematic  design  of  new  and  improved  coatings. 
However,  since  these  coatings  (typically  5-10/a.) 
do  not  necessarily  exhibit  bulk  material  prop¬ 
erties,  measurement  of  both  mechanical  properties 
and  adhesion  in.  Itself  present  a  major  technical 
challenge.  This  has  resulted  in  a  two-fold 
problem,  mainly  development  of  unique  techniques 
to  characterize  both  properties  and  performance, 
before  any  substantive  Btructure/property 
correlations  can  be  established. 

Coating  design,  structure/property  relationships 
and  characterization  techniques  will  be  reviewed 
and  discussed. 


L4.2 

INDENTATION  ADHESION  OF  DIAMOND  FILMS  ON  THE 
VARIOUS  SUBSTRATES.  Tyan-Yvan  Yen, 

Cheng-Tzu  Kuo,  National  Chiao  Tung  University, 

Institute  of  Mechanical  Engineering,  HsinChu, 
Taiwan,  R.0.C, ;  and  S.  E,  Hsu,  Cheng  Shan 
Institute  of  Science  and  Technology,  Lungtan, 
Taiwan  32526,  R.O.C. 

The  microwave  plasma-assisted  chemical  vapor 
deposition  was  used  to  deposit  diamond  films  to 
investigate  the  mechanisms  of  indentation 
adhesion  on  the  various  substrates.  Indentation 
was  conducted  by  employing  Rockwell  brale 
indenter.  The  critical  loads  for  crack 
initiation  and  propagation  of  the  films  under 
different  deposition  conditions  were  determined. 
SEM,  AES,  XRD  and  Raman  spectrometer  were  used  to 
characterize  the  surfaces  before  and  after  the 
substrate  pretreatments  and  diamond  deposition; 
and  to  correlate  with  the  adhesion  measurements. 

The  adhesion  of  diamond  films  to  the  substrates 
was  found  to  be  significantly  depending  upon  the 
substrate  material  and  its  pretreatments,  and  the 
deposition  conditions.  The  possible  adhesion 
mechanisms  would  be  discussed. 
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A  novel  replication  process  for  Silicon  Carbide 
surfaces  was  developed  in  our  Research  Center.  A 
polished  polycrystalline  Chemical  Vapor  Deposited 
B-SiC  surface  was  reproduced  by  a  two  step 
pretreatment  process  followed  by  CVD  of  SiC. 

In  this  paper  we  describe  the  process  and  present 
characterization  data  of  both  the  substrate  and 
the  replica  surfaces.  The  characterization  data 
include  XRD,  Auger,  ESCA,  Raman,  and  reflactivity 
spectra  both  in  the  infrared  and  the  ultra  violet 
region.  Based  on  the  characterization  results  we 
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erosive  wear  of  engine  components.  Various  I VL1  opposite.’! 
protection  coatings  have  Veen  used  previously  to  comtat  t*"'s 
wear  problem,  but  with  limited  success.  This  papti  presents 
results  obtained  »1th  &  luw  temperature  CVD  deposited,  erosion 

ivslitent,  rou'I'laypi  tungsten  i  a, nine  ,..*itng  'Olre  in, 
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alloys  used  In  the  aerospace  Industry.  The  low  temperature  of 
deposition  eliminates  the  problem  of  degradation  of  mechanical 

properties  orcur*  wl  th  nn>rmA  1  high  temperature  rVH 

processes.  High  cycle  fatigue  strength  and  other  mechanical 
property  data  are  presented  for  coated  stainless  steel,  as  well 

as  ei  oslon  resistant  data  tor  both  mild  and  harsh  eros’ve 

environments. 


378 


L4.4  ABSTRACT  WITHDRAWN 


L4.5 

INTERNAL  STRESSES  IN  AMORPHOUS  SiOz  FILMS 
DEPOSITED  HY  THE  PYROLYSIS  OF  ORGANOMETALLIC 
PRECURSORS  AT  LOW  PRESSURES.  S.lLDcsu,  Department  of 
Materials  Engineering,  Virginia  Polytechnic  Institute  and  state 
University,  Blacksburg,  VA. 


Amorphous  SiOu  films  were  deposited  by  the  low  pressure  pyrolysis  of 
organonietallic  precursors  such  as  diacetoxydi-t-butoxy  silane  at 
temperatures  of  400°C  to  500°C,  Films  were  deposited  on  both  single 
crystal  silicon  and  fused  quartz  substrates.  Film  stress  at  room 
temperature  after  cooling  from  deposition  temperature,  as  well  as 
stress  as  a  function  of  anneal  temperature  were  measured  using  the 
curvature  method. 

As  deposited  films  were  under  significant  tensile  stress  of  the  order  of 
400  MPa.  The  film  stress  at  room  temperature  following  deposition, 
increases  as  the  deposition  temperature  decreases  and  deposition 
pressure  increases.  Dopants  like  B3O3  and  P0O5,  at  small 
concentrations,  significantly  decreased  the  intrinsic  stress  of  as 
deposited  films.  Stress  reduction  was  also  achieved  by  post  deposition 
annealling.  The  silica  film  stress  is  correlated  to  the'  structure  of  the 
film,  more  specifically  to  the  Si-O-Si  angle  distribution. 

Interred. •ween  film  stress,  deposition  conditions,  post 
deposition  treatments,  and  film  structure  will  be  discussed. 


L4 .6 

INFLUENCE  OF  SUBSTRATE  AND  PROCESS  PARAMETERS  ON  THE 
PROPERTIES  OF  CVD-SiC.  A.  Par recta,  v.  Adoncecchi, 

E.  Cappelli,  G.  Giunta  anH  V.  vittori,  Eniricerche 
S.p.A.,  via  E.Kamarini  32,  0001S  Monterotondo  (Roma). 

The  microstructure  and  mechanical  properties 
l adhesion,  hardness)  of  beta-SiC  coatings,  prepared 
in  a  cold  wall  reactor  starting  from  two  different 
CVD  processes,  were  studied  by  examining  different 
substrates  and  deposition  process  conditions. 

Hard  ( 3500  KKJ,  fine  grained  beta-SiC  woatings,  with 
a  good  oxidation  resistance  at  1273  K,  were  deposited 
onto  graphite  substrates  at  relatively  high  deposition 
temperatures  (1473-1673  K)  using  SiC14,C3H8,H2  gaa 
mixtures. 

The  thermal  decomposition  of  methyltrichlorosilane 
(MTS)  in  hydrogen  and  argon  allowed  the  production  of 
beta-SiC  coatings  onto  a  variety  of  substrate 
materials  in  the  temperature  range  1173-1373  X. 

The  growth  mechanisms  of  SiC  deposited  from  MTS/H2/Ar 
system  onto  graphite  and  polycrystalline  alfa-SiC 
substrates  were  studied.  At  low  (**40  kPa)  and 
atmospheric  pressures,  the  growth  kinetics  sre 
surface  limited.  Also,  s  strong  dependence  of  the 
microstructure  and  crystallographic  orientation  on 
che  deposition  parameters  was  observed. 

Hard  metals  (wc/Co)  were  successfully  costed  with 
beta-SiC  using  the  MTS/H2/Ar  system.  Problems  of 
chemical  compatibility  and  thermal  expansion  mismatch 
between  the  substrates  and  the  beta-SiC  coating  were 
minimized  by  the  deposition  of  intermediate  layers. 

The  adhesion  of  the  coatings  was  evaluated  using 
mechanical  "scratch  test"  measurements. 


L4 . 7 

"ri  ti  v*  1  1  c ►.  "*  l  s«i  i.<r  •sv:,  .  1  „t 

l'-.'  ®C  *•  T !  .*■  V .  ’  !  t.  Mii.lv.  3,  K|urt  T  Cte.i* 

Vincent  l  Magnotta,  *rd  Paul  N  0>«i  ,  Air  I'lCdutC, 

'"•■I'F  !  .  ’nr  4  I  I  »nif.»ii  PA  and  rnmmar  Wit)  ini  and  Livid 
Gin-",  Ptim,j,)va'lo  Lt al  r  l)i;  i  ,ei  a  r  t  /  ,  Un )  *er  s  *  t_,  f’a>  k  ,  TA. 


lack  of  appreciation  of  these  factors  has  led  to  coating 
spallation  or  cracking  and  resulting  failure  in  in  >k«. 

Ihe  results  of  recent  experiments  to  determine  the  tensile  and 

<1  r  4-a-gik  1  P  4  «.  ma4.  •  1  • .  r  m  f  C  t  f  a  ner  t  nh  1  i  Pit 

On  substrates  vl*  rhpin1(*il  vrtfior  1  LIchi  will  be 

analysed  reepart  to  th$  effects  of  these  properties  on 

residual  stresses. 


L4.8 

Interaction  of  Titanium  with  SiC  Coated  Boron  Fibers 
Lewis  Hvan1,  Bang  Jit  Tan1,  Francis  6.  Galasso2 
and  Steven  L.  Suib1*3  l.  Dept,  of  Chemistry,  0-60, 
University  of  Connecticut,  Starrs,  ct  06269-3060. 

2.  United  Technologies  Research  center.  East  Hartford,  ct 
0610B.  3.  Dept,  of  Chon.  Eng.,  D-60,  University  of 
Connecticut,  Starrs,  CT  06269-3060. 


Silicon  carbide  (SiC)  ooeted  boron  fillers  have  bean 
inihwVUifl  in  titanium  by  hot  pressing  and  hove  been  ooated 
with  titaniun  using  a  chemical  vapor  deposition.  Roam 
temperature  tensile  strength  measurements  hove  shown  that 
silicon  carbide  ooated  boron  (SIOVBO)  fibers  coated  with 
titaniun  are  stable  after  thermal  treatments  at  1000°C 
for  24  hours.  These  ooated  fibers  have  bean  studied  with 
X-ray  powder  diffraction,  tensile  strength  measurements, 
thermal  studies,  X-ray  photoelectron  spectroscopy  and 
scanning  Auger  microscopy.  Depth  profiles  of  the  ooated 
fibers  have  been  used  to  study  the  interaction  of  titaniun 
with  the  SIC9U90  fibers.  Scanning  Auger  microscopy  studies 
have  shown  that  the  8ICAB0  fibers  have  a  carbon  rich 
surface  as  oenpared  to  another  more  well  known  silicon 
carbide  ooated  boron  fiber  (BORSIC) .  A  oenparison  of  these 
two  types  of  fibers  will  be  made  and  factors  responsible 
for  the  significantly  higher  tensile  strengths  after 
heating  in  tit* -dun  with  the  SICABO  fibers  will  be 
discussed. 


L4.9 

OXIDATION  RESISTANT  COATINGS  PRODUCED  BY  CHEMICAL 
VAPOR  DEPOSITION  :  IRIDIUM  AND  ALUMINIUM  NITRIDE 
/  ALUMINA  COATINGS  P  NETTER  and  Ph.  CAMPROS, 
Vapometallurgy  Division,  COMURHEX,  BP  29,  26701 
PIERRE LATTE  Cedex  (FRANCE) 


Oxidation  resistant  coatings  of  iridium  on 
graphite,  carbon/carbon  or  molybdenum  and  of 
aluminium  nitride/alumina  on  graphite  and 
carbon/carbon  have  been  produced  by  low  pressure 
CVD  from  halide  starting  compounds  (IrF*  and 
AlClj ) .  The  resulting  deposits  are  adherent,  non 
porous  and  have  proved  impervious  to  oxygen  in 
subsequent  heating  to  2000°  C  in  air  for  more 
than  30  minutes  (no  evidence  of  deterioration). 

These  coatings  materials  are  promising  for 
effective  protection  against  oxidation  for  rocket 
engines ,  gas  turbines ,  thermal  protection  system 
tiles  of  space  shuttle  or  against  corrosion  in 
the  glass  industry  (iridium). 


Schematic?  of  the  CVD  processes  are  described  as 
well  as  analysis  and  characterization  technics 
used  in  order  to  determine  layers  structures  and 
compositions  (optical  microscopy,  SEM,  XPS  and 
ESCA,  SAM  and  SIMSi.  Results  of  oxidation  tests 
pciti.rmed  by  induction  heating  in  air  are  also 
owl  given 
.1 
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residual  stress  state  in  both  the  coating  and  the  substrate.  A 
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Centre,  Trombay ,  Bomba 


riON  OF  T I  TAN  1  I’M  CARBIDE  , 
D.K.  Bose  and  C.K.  Gupta, 
Hhabha  Atomic  Research 
)■  400  085. 


L5.2 

MORPHOLOGICAL  EVOLUTION 
WHISKERS.  R.  Mathur . 
Department  of  Mater 
Engineering,  Stevens 
Hoboken,  NJ. 


OF  TITANIUM  CARBIDE 
and  Bernard  Gallois, 
als  Science  and 

Institute  of  Technology, 


This  paper  deals  with  a  process  for  chemical 
vapour  deposition  of  titanium  carbide  using 

titanium  tetraiodide  as  a  titanium  source. 

In  the  process  investigated  titanium  tetraiodide 
as  synthesized  in-situ  by  passing  vapours  of 
iodine  over  heated  titanium  and  the  iodide  is 
transported  to  other  interconnected  reactor 

where  it  reacts  with  hydrogen  and  hydrocarbon 
bearing  gas  to  form  titanium  carbide  on  heated 
stainless  steel  substrates.  This  process 

offers  an  advantage  of  carrying  out  reaction 

under  lower  temperature  conditions  as  compared 
to  the  conventionally  used  titanium  chloride  as 
ho  titanium  bearing  source. 

The  paper  reports  on  the  influence  of  various 
parameters  on  the  carbide  deposition  process  and 
establishes  the  optimum  conditions.  The  paper 
also  incorporates  characterisation  studies 

rarried  out  by  various  phys ico-mechanical  tests. 

L5.1 

.VACATION  OF  a:  CONTROL  TO  THE  VLS  SiC  WHISKER  PROCESS. 

’•  0-  Sna 1 ek  and  W.  J.  Parkinson,  Los  Alamos  National 
LsBo-vtory ,  Los  Alamos,  NM  87545. 

Silicon  carbide  wniskers  nave  excellent  mechanical  and 
rremical  properties  giving  them  much  potential,  some  already 
commercial ly  proven,  as  a  reinforcement  for  structural 
:eramic  composite  materials.  Los  Alamos  has  developed  a 
batch  process  for  producing  very  high  quality  SiC  whiskers 
hy  the  vapor-liquid-solid  (VLS)  method;  however,  the  process 
nas  rather  complex  chemistry  and  has  been  difficult  to  make 
reproducible  over  the  long  term,  reproducibil ity  being  an 
important  consideration  for  process  scale-up. 

’re  process  is  difficult  to  model  mathematically,  so  optimum 
conditions  have  been  derived  from  relating  the  many  process 
parameters  to  product  results  to  establish  a  set  of  rules 
that  will  be  used  to  run  the  process.  These  are 
incorporated  in  a  two-Dhase  expert  system  designed  to  guide 
•nexpenenced  users.  In  Phase  1,  an  expert  consultant 
proaram  provides  the  user  with  information  that  enables  him 
to  set  up  the  run.  This  information  is  incorporated  into 
tne  rule  base  that  makes  up  Phase  2-  the  control  system.  At 
^resent,  the  operator  functions  as  the  controller  by 
responding  to  the  decisions  of  the  expert  system; 

.tomation  can  be  added  later. 

Although  the  external  process  conditions  have  always  been 
monitored  during  a  run,  the  recent' instal lation  of  a  gas 
chromatograph  to  sample  the  reactor  gases  nas  been  the 
single  most  valuable  contributor  to  process  control  and 
reoroducibi 1 i ty .  By  comparing  the  inlet  and  outlet  gas 
stream  compositions,  we  can  quantify  the  reactions  taking 
:iace  and  directly  relate  the  process  conditions  to  SiO 
generation  and  subsequent  nucleation  and  growth  phenomona. 


The  early  growth  of  titanium  carbide  whiskers 
from  a  mixture  of  TlCl s-CHa-Hs  was  Investigated, 
using  fine  nickel  particles  as  the  catalytic 
agent  in  a  hot-wall  CVD  reactor.  This  study 
confirms  that  whisker  growth  is  initiated  by  the 
VLS  growth  mechanism  in  the  temperature  range  of 
1273-1423  K,  well  below  the  Ti-Ni-C  ternary 
eutectics  as  reported  in  the  literature.  The 
initial  growth  proceeds  by  diffusion  of  the 
constituent  species  through  a  Ni-Ti  liquid 
droplet  and  is  characterized  by  a  rapid  increase 
in  length  at  near  constant  diameter.  A  gradual 
coarsening  of  features  is  observed  at  latter 
stages.  The  whiskers  exhibit  extensive  branching 
and  kinking  and  a  <100>  primary  growth  direction. 


L5 . 3 

CHARACTERIZATION  OF  CERAMIC  MATRIX  COMPOSITES  FABRICATED  BY 
CHEMICAL  VAPOR  INFILTRATION.*  D.  P.  Stincon,  D.  M. 

Hembree,  Jr.,  K.  L.  More,  and  T.  M.  Besmann,  Oak  Ridge 
National  Laboratory,  Oak  Ridge,  TN. 

Composites  consisting  of  silicon  carbide  (SiC)  matrices 
reinforced  with  continuous  Nicalon  fibers  are  being 
developed  for  many  high-temperature  structural 
applications.  An  attractive  process  for  fabricating  these 
f iher-reinforced  composites  is  chemical  vapor  infiltration 
(CVI),  because  it  is  one  of  only  a  few  processes  capable  of 
incorporating  continuous  ceramic  fibers  ill  a  ceramic  matrix 
without  damaging  the  relatively  fragile  reinforcing  fibers. 
This  investigation  applied  Raman  spectroscopy,  transmission 
electron  microscopy,  and  optical  microscopy  to  study  the 
morphology  of  the  SiC  matrix  in  ceramic  matrix  composite 
materials . 

L5.4 

THE  EMERGENCE  OF  PLASMA  ENHANCED  CHEMICAL  VAPOR  DEPOSITION 
(PECVD)  AS  A  VIABLE  INDUSTRIAL  COATINC  PROCESS.  George 
Engle,  GEC,  Inc..  2630  S.  4?th  Street,  Suite  103,  Phoenix. 
AZ  85034  and  James  W.  Warren.  Composite  Innovations 
Corporation,  24300  Aetna  Street,  Woodland  Hills,  CA  91367. 

The  potential  of  Chemical  Vapor  Deposition,  as  a  process 
for  applying  erosion  and  corrosion  resistant  ceramic  and 
metal  coatings  to  ferrous  and  non-ferrous  alloys  has  long 
been  recognized.  Unfortunately,  the  high  deposition 
temperatures  (900* -1000"C)  cause  deleterious  and  generally 
nonreverslble  metallurgical  changes  in  the  coated  parts. 
Corresponding  shape  stability  and  dimensional  tolerances 
are  also  lost.  For  more  than  twelve  years,  Plasma  Enhanced 
Chemical  Vapor  Deposition  (PECVD)  technology  has  evolved 
from  the  laboratory  into  production  operations  within  the 
semiconductor  Industry. 

This  acceptance  is  primarily  due  to  the  low  PECVD 
deposition  temperatures  (<450*C).  The  PECVD  processes  have 
recently  demonstrated  an  adaptability  to  coating  alloy 
components  and  carbon-ceramic  fibers  with  a  wide  range  of 
carbide,  boride,  nitride,  oxide  and  metal  coatings  to 
render  them  corrosion  and  erosion  resistant.  Typical  Knoop 
hardness  control  of  silicon  carbide  coatings  can  be 
controlled  from  about  2300  to  more  chan  7000  kgfma  3  at  10% 
penetration  of  the  indenter  while  fiber  coating  thickneas 
and  uniformity  can  be  controlled  from  300A  ±  5%.  Selected 
coatings  applications  and  performance  are  described. 
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L5.5 

DEPOSITION  AND  CHARACTERIZATION  OF  SILICON 
NITRIDE  SINGLE  CRYSTAL  FILMS,  .losenh  B.  Milstein.  Lian 
Li.  Ye-Yung  Teng,  and  Anatoly  M.  Altshuler.  University  of 
Lowell.  Lowell.  MA 

We  have  investigated  the  deposition  of  single  crystal 
silicon  nitride  in  a  low  pressure  radio-frequency  plasma 
assisted  CVD  deposition  system  operating  at  440  KHz  in 
an  atmosphere  of  nitrogen  and  hydrogen.  Substrates 
consisting  of  single  crystal  silicon  wafers  have  been 
employed.  The  depositions  have  been  carried  out  with 
substrate  temperatures  in  the  range  of  300  to  1200  °C. 

We  find  that  the  reaction  of  the  silicon  wafer  with  the 
nascent  nitrogen  produced  in  this  system  appears  to  be 
self-quenching  at  low  substrate  temperatures. 

Characterization  of  the  films  has  been  performed  by  a 
variety  of  techniques  including  x-ray  diffraction, 
eliipsometry.  electrical  measurements,  and  optical 
absorption. 

L5.6 

LASER  CHEMICAL  VAPOR  DEPOSITION  OF  TiN  FILMS 
B.Chen.  N  Biunno,  Ft  K.  Smgh,  and  J.Narayan  Dept  of  Materials 
Science  and  Engineering,  North  Carolina  State  University, 
Raleigh,  NC  27695-7916 

We  have  investigated  the  growth  of  titanium  nitride  thin  films  using 
the  laser-induced  chemical  vapor  deposition  technique.  A  C02 
laser  (V-1 0.6pm)  operating  in  both  continuous  wave  and  pulsed 
modes  was  employed  to  induce  localized  heating  of  the 
molybdenum  and  stainless  steel  substrates.  The  flow  rates  of 
TiCl4  and  NH3  were  controlled  to  optimize  the  deposition  of  TiN 
films.  The  substrate  temperature  during  deposition  was  varied 
from  700°C  and  1200°C  by  controlling  the  laser  power  density  and 
the  pulse  duration.  The  effect  of  various  processing  parameters 
(gas  flow  rates,  substrate  temperature,  flow  geometry,  etc)  on  the 
stoichiometry  and  microstructure  of  the  TiN  was  analyzed  by 
Auger  Electron  Spectroscopy,  Transmission  Electron  Microscopy, 
Rutherford  Backscattering  Spectroscopy,  t  Scanning  Electron 
Microscopy  The  nature  of  the  interface  between  the  substrate  and 
the  film  as  a  function  of  temperature  will  also  be  discussed. 
Simple  thermal  calculations  correlating  the  deposition 
characterized  with  the  laser  power  density  will  also  be  included  in 
the  presentation. 

L5.7 

LASER-INDUCED  PHOTOCHEMICAL  VAPOR  DEPOSITION  OF 
TUNGSTEN.  A  I  P  van  Maargn  and  W.C.  Smke,  FOM-Insutute  for 
Atomic  and  Molecular  Physics,  kruislaan  407,  1098  SJ  Amsterdam,  The 
Netherlands. 

Laser-induced  photochemical  vapor  deposition  can  impart  an  important 
contribution  to  refractory  metals  CVD  technology.  It  enables  deposition  at 
lower  substrate  temperatures  and  offers  the  possibility  of  projection 
patterning  or  direct  writing. 


We  have  employed  an  ArF  excimer  laser,  aligned  parallel  to  the  substrate, 
to  perform  blanket  deposition  of  tungsten  on  silicon  using  WF&  and  H2  as 
reaction  gases.  The  experiments  were  performed  in  a  cold-wall  reactor, 
with  a  base  pressure  of  10".8  mbar.  In  this  reactor  high  quality  W  films 
have  been  deposited  at  substrate  temperatures  as  low  as  200  °C.  We  have 
performed  depositions  at  different  substrate  temperatures  and  laser-pulse 
frequencies.  Film  thickness  and  morphology  have  been  studied  with  RBS 
and  cross-section  SEM.  Resistivities  as  low  as  9.0  pficm  have  been 
obtained.  We  will  show  that,  after  deposition  over  the  native  oxide,  the 
roughness  at  the  W-Si  interface  of  laser  deposited  W  films  is  clearly 
1  educed  in  comparison  with  thermally  deposited  films. 

In  addition  we  have  determined  the  contribution  of  the  Si-reduction 
reaction  to  the  total  W  deposition.  In  these  experiments  W  was  deposited 
on  the  mono-crystalline  Si  top-layer  of  a  marker  sample,  and  the  buried 
marker  in  the  substrate  was  used  as  a  reference  for  RBS  measurements. 

L5. 8 

STRUCTURAL  CONTROL  OF  MATERIALS  SYNTHESIZED 
BY  LASER  EVAPORATION  AND  RAPID  CONDENSATION 
Tnngsan  D.  Xiao  &  Peter  R.  Strutt,  The  University  of  Connec¬ 
ticut,  Institute  of  Materials  Science,  Storrs,  CT  06268. 

As  uniquely  demonstrated  by  Chow  and  Strutt,  rapid  condensa¬ 
tion  of  species  from  a  high-power  cw  CO,  laser  plume  may  be  ex¬ 
ploited  to  synthesize  novel  new  materials.  Of  specific  interest  was 
the  synthesis  of  a  nanoscale  composite  containing  25  to  100  nm. 
diameter  silica  fibers  and  a  metal  matrix.  Recent  studies  now  show 
that  similar  structures  can  be  generated  using  a  modified  procedure, 
providing  a  greater  degree  of  flexibility  and  control  of  process  vari¬ 
ables. 

One  feature  of  the  modified  technique  is  independent  substrate 
heating.  This  replaces  the  use  of  a  laser  beam  for  combined  (i) 
substrate  heating,  and  (ii)  ceramic  target  interaction  to  form  a 
plume.  Results  will  be  presented  showing  how  the  morphology  and 
growth  rate  of  deposited  layers  depends  on  the  (i)  substrate  tem¬ 
perature,  (ii)  chamber  pressure,  and  (iii)  geometrical  configuration 
in  the  reaction  zone.  Attention  is  devoted  to  the  cross-sectional 
uniformity  of  fibers,  where,  it  is  proposed,  the  effect  of  interfacial 
chemistry  on  surface  tension  influences  fiber  surface  stability.  A 
diversity  of  microstructural  and  analytical  techniques  have  been 
used  to  characterize  morphological  structures.  These  include  tran¬ 
smission  electron  microscopy,  auger  spectroscopy,  XPS,  and  fourier 
transform  infrared  spectroscopy. 

L5. 9 

REACTIVE  CHEMICAL  VAPOR  DEPOSITION  AS  A  METHOD  FOR  COATING 
CARBON  FIBER  I TH  CARBIDES,  J.  BOUI X .  C.  VINCENT, 
H.  VINCENT,  R.  FAVRE,  IAB0RAT0IRE  DE  PhVSICOCHIMIE  MINERALE 
( URA  116  DU  CNRS ) ,  UNIVERSITE  DE  LYON  I,  43  Boulevard  du  11 
Novembre  1918,  69622  VHLEURBANNE  CEDEX  (FRANCE). 


Carbon  fibre  is  an  ideal  material  for  reinforcing  inorganic 
matrix  composites,  specially  for  high  temperatures.  Its  main 
drawback  is  its  susceptibility  to  oxidation  and  to  reaction 
with  metals. 

Our  challenge  was  to  perfect  a  method  of  producing  a  carbon 
fibre  in  which  each  elementary  filament  is  covered  and 
protected  by  a  very  thin  and  adherent  layer  of  a  refractory 
carbide  such  as  SiC,  B^C,  etc. 

In  this  purpose,  we  use  reactive  chemical  vapor  deposition 
(RCVD)  in  which  only  the  M  element  of  the  MnC  carbide  is 
carried  by  the  gas  phase,  carbon  being  supplied  by  the  fibre 
itself.  The  growth  rate  is  self  regulated  by  the  solid  state 
diffusion. 
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This  method  has  been  developped  in  a  continuous  reactor  with 
ex-PAN  (6  K)  or  ex-PITCH  (2  K)  fibers. 

The  mechanical  behaviour  of  the  coated  fibers  is  very  near 
that  of  the  starting  ones,  but  their  oxidation  rate  at  600°C 
is  100  times  lower. 

L5.10  ABSTRACT  NOT  AVAILABLE 


L5 . 11 

SOLUTION  PRECURSOR  -  LOW  PRESSURE  CHEMICAL 
VAPOR  DEPOSITION  OF  TITANIUM  OXIDE  FILMS.  Jionp 
Ping  Lu.  Jenqdaw  Wang  and  Rishi  Raj,  Dept,  of  Materials  Sci.  & 
Eng.  Cornell  Univ.  Ithaca,  NY  14853. 

A  novel  technique  for  performing  Low  Pressure  Chemical  Vapor 
Deposition  (LPCVD)  has  been  set  up.  The  apparatus  consists  of  a 
vertical  -  cold  wall  reactor,  which  uses  liquid  solutions  as 
precursors.  Solution  precursors  are  converted  into  vapor  right 
before  entering  the  reactor.  Deposition  takes  place  on  substrates 
held  at  temperatures  higher  than  the  vaporization  temperature.  A 
LPCVD  process  using  liquid  solution  precursors  will  be  referred  to 
as  Solution  Precursor  -  LPCVD.  It  has  some  advantages  over 
conventional  LPCVD,  including  easy  control  of  film  composition, 
less  restriction  on  precursor  compounds,  simplicity  of  apparatus 
and  improved  safety. 

Solution  Precursor  -  LPCVD  method  has  been  applied  for 
depositing  titanium  oxide  films  on  Si(100)  and  glass  substrates. 
The  precursor  used  is  titanium  isopropoxide,  TilCCH(CH3)2]4, 
disolved  in  toluene  solvent.  The  base  pressure  of  the  reactor  is  0.5 
torr,  and  operating  pressure  is  in  the  range  of  2.0  -  3.0  torr.  The 
precursor  is  vaporized  at  150°C,  and  films  deposited  in  the 
temperature  range  of  300  -  550°C.  Rutherford  Back-Scattering 
(RBS)  analysis  of  the  deposited  films  show  that  the  stoichiometry 
is  Ti02.  A  wide  range  of  deposition  rate  has  been  achieved  by 
changing  the  concentration  of  the  precursor  solution.  X-ray 
Diffraction  (XRD)  experiments  indicate  that  the  structure  is  anatase. 
No  other  phase  can  be  detected.  In  the  temperature  range  of  300  - 
350°C,  randomly  oriented  polycrystalline  films  are  obtained;  while 
at  higher  temperatures  (450  550°C).  the  films  are  textured.  The 
preferential  orientation  exists  on  both  Si(100)  and  glass  substrates, 
eliminating  the  substrate  orientation  effect.  The  textured  films  have 
columnar  structure,  and  show  very  different  morphology  as 
compared  to  randomly  oriented  films. 


Li. 12 

AMORPHOUS  INSULATING  NbO  FILMS  BY  REACTIVE 
EVAPORATION,  B.X.Liu,  Center  of  Condensed 
Matter  and  Radiation  Physics,  CCAST  (World  Lab.), 
Beijing  and  Department  of  Materials  Science  and 
Engineering,  Tsinghua  University,  Beijing  100084, 
CHINA:  J  .  Ft .  Ding  ,  X.Zhou  and  J  . N  .  Ba i  ,  Department 

of  Materials  Science  and  Engineering.  Tsinghua 
University,  Beijing  100084,  CHINA 

Reactive  Evaporation  technique  was  employed  to 
prepare  directly  the  amorphous  NbO  films  for  the 
usage  of  insulating  layers. 


tss  UK  I  1  S  ,  UAl  1  \U 

A,  Asucio  .  D. Little,  and  P.  Low den. 
Liburdi  Eng  l  nee  i  mg  Li  riled.  Ha'  ill  on.  Ontario. 


A  novel  low  te-pn  atuie  process  for  the  chemcal  vapor 
deposition  of  titanium  nitride  filr.s  has  been  developed 
Titanium  sub-halides  generated  "in-sit u"  bv  chlorination  oi 
titanium  pellets  are  subsequently  reacted  with  a  nitrogen  source 
at  reduced  pressure  and  temperatures  of  ^>50  -  600 °C.  The 

coatings  have  excellent  adhesion  and  no  wear  resistance. 

A  description  of  the  process  and  the  properties  of  coatings 
produced  bv  it  will  be  presented. 


L6.1  ABSTRACT  NOT  AVAILABLE 


L6.2 

METALORGANIC  CHEMICAL  VAPOR  DEPOSITION  OF  SILICON 
BASED  CERAMICS  USING  METHL YS ILAZANE .  Honahua  Du. 
Bernard  Gallois,  and  Kenneth  Gonsalves,  Stevens 
Institute  of  Technology,  Hoboken,  NJ. 

Silicon  nitride  and  silicon  carbonltride  ceramic 
films  have  been  deposited  using  a  methyls ilazane 
prepolymer,  [ CH  »S  i HNH 1  „,  with  NHa  and  H*  as  the 
carrier  qases  in  a  cold-wall,  resistance-heated 
quartz  reactor  at  873-1073  K. 

When  NHj  is  used,  silicon  nitride  is  obtained. 
The  Si-C  and  Si-H  bonds  in  the  prepolymer  can  be 
effectively  cleaved  and  the  associated  C  and  H 
removed.  The  residual  N-H  bonds  detected  in  the 
silicon  nitride  phase  can  be  attributed  to  the 
high  bond  strength  or  excess  NH3  present  In  the 
reaction  system. 

when  Hi  is  used,  silicon  carbonitride  is  ob¬ 
tained.  Cleavages  of  the  C-H  and  N-H  bonds  In  the 
prepolymer  are  effective  on  pyrolysis,  and  the 
associated  H  Is  removed  as  Hi.  Partial  cleavages 
of  the  Si-NH  and  Si-CHj  bonds  in  the  prepolymer 
and  removal  of  N  and  C  species  are  also  evidenced 
by  the  high  Si  atomic  composition,  compared  with 
N  and  C,  in  the  film  deposited. 

The  silicon  carbonitride  film  density  Increases 
with  temperature.  In  contrast  to  a  constant 
silicon  nitride  film  density.  It  is  believed  that 
the  rupture  of  the  cyclic  structure  of  the 
prepolymer  is  dominated  by  the  nucleophilic 
effect  In  NHj,  and  by  thermal  dissociation  in  Ha. 
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It  was  found  that  the  sheet  electrical  resistance 
of  the  amorphous  NbO  films  was  much  greater  than 
that  of  the  crystalline  counterparts,  indicating 
that  the  amorphous  NbO  films  are  more  suitable 
for  being  used  as  an  insulating  layer  in  junction 
devices . 


iniversiiv.  Blacksburg,  \  A. 


Both  thermal  and  irradiation  stabilities  of  the 
prepared  amorphous  NbO  films  were  studied.  The  re¬ 
crystallization  temperature  of  the  films  was 
1 120i50  K,  and  the  films  also  crystallized  upon 
heavy  ion  irradiation  at  room  temperature. 

This  presents  the  detailed  procedure  ol 

the  film  preparation  and  the  properties  of  the 
amorphous  NbO  films. 


f,ims  were  deixisiled  on  silicon  and  quartz  substrates  at 
perauues  of  350“C  to  550<>C  by  the  pyrolytic  decun.(>oMtioii  o 
onium  acetylacetonates.  Deiwsitions  were  «rned  out  ^^1)0^ 
lospheric  and  low  pressures.  1  lie  opueal  proiH rues,  tr  et 
restructure  and  composition  of  films  were  characteiizea  u) 
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X-ray  photoelectron  microscopy  (XI  b),  respective). 
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The  deposition  rate  was  kinetically  controlled  at  low  temperatures 
and  mass  transfer  controlled  at  high  temperatures.  Use  of  zirconium 
(IV)  acetylacetonate  resulted  in  cubic  ZrCU  with  some  carbon 
contamination  whereas,  monoclinic,  pure  ZrOi  films  were  obtained 
with  the  precursor  zirconium  (IV)  trifluroacetylacetonate.  The 
monoclinic  ZrOs  films  are  fine  grained  and  showed  preferential 
orientation.  The  measured  values  of  dielectric  constant,  refractive 
index,  and  electrical  resistivity  of  ZrCu  films  are  IS,  2.2,  and  5E13 
Olim.cm,  respectively. 

The  results  are  explained  in  the  light  of  decomposition  mechanisms  of 
the  organometallic  precursors. 

L6.6 

TITANIUM  NITRIDE  THIN  FILMS:  PROPERTIES  AND 
APCVD  SYNTHESIS  USING  ORGANOMETALLIC 
PRECURSORS.  Renaud  M.  Fix.  Roy  G.  Gordon.  David  M. 
Hoffman.  Department  of  Chemistry,  Harvard  University. 
Cambridge.  MA  02138. 

A  unique  combination  of  properties  makes  titanium 
nitride  (TiN)  thin  films  an  attractive  material  for  a  wide 
range  of  applications.  Current  CVD  processes,  however, 
require  temperatures  too  high  for  thermally  sensitive 
substrates  such  as  plastics,  or  aluminized  silicon 
microcircuits.  In  this  paper  we  present  a  new  low- 
temperature  atmospheric  pressure  CVD  synthesis  of  TiN 
thin  films,  which  uses  organometallic  compounds  as 
precursors. 

Film  depositions  were  carried  out  at  temperatures  from 
about  100  to  300  °C  on  substrates  such  as  silicon  wafers, 
glass,  vitreous  carbon,  and  boron.  Growth  rates,  film 
thicknesses  and  surface  morphology  (by  SEM)  will  be 
reported.  The  characterization  of  the  films  by  electron 
microprobe  analysis,  RBS.  XPS  and  XRD  will  be 
discussed.  The  electrical  and  optical  properties  of  the 
films  will  also  be  described. 

Lt>.7 

CHEMICAL  VAPOR  OEPOSITION  OF  NIOBIUM  CARBIDE 
USING  A  NOVEL  ORGANOMETALLIC  PRECURSOR.  P.  D. 

Stupik  and  A. R.  Barron*,  Department  of  Chemistry, 
Harvard  University,  Cambridge,  MA  02138. 

A  method  for  the  preparation  of  niobium 
carbide  films  at  less  than  500'C  has  been 
developed.  The  use  of  volatile  organo-niobium 
compounds  as  single  component  precursors,  in  an 
atmospheric  pressure  laminar  flow  CVD  apparatus 
yielded  adherent  films  of  niobium  carbide  on 
single  crystal  silicon  and  glass  substrates.  XPS 
studies  indicate  that  the  films  contain  a  carbide 
phase  and  a  nearly  stoichiometric  ratio  of 
niobium  to  carbon.  The  morphology  of  the  films  has 
been  examined  by  SEM. 


L6.8 

LOW  TEMPERATURE  ORGANOMETALLIC  CHEMICAL  VAPOR  DEPOSITION 
(OMCVD)  OF  RHODIUM  AND  IRIDIUM  THIN  FILMS.  D.  C.  Smith.  C.  J. 
Burns,  and  A.  P.  Sattelberger.  Inorganic  and  Slructural  Chemistry  Group 
(INC-4),  Los  Alamos  National  Laboratory,  Los  Alamos,  NM  87545;  and  S. 
G.  Pattiilo.  D.  W.  Carroll,  and  J.  R..  Laia.  the  Malarial  Science  and 
Technology  Division.  Los  Alamos  National  Laboratory,  Los  Alamos,  NM 
87545. 

We  will  describe  new  low  lemperature  (S  300  *C)  routes  to  rhodium  and 
iridium  thin  films  I rom  volatile  organometallic  precursors  that  have 
been  developed  at  Los  Alamos.  The  following  topics  will  be  discussed:  (1) 
synthesis  and  characterization  o(  the  organometallic  precursors,  (2)  the 
conditions  ol  film  growth  and  the  types  of  substrates  used,  (3) 
experimental  variables  (e  g.,  pressure,  substrate  temperature,  hydrogen 
concentration,  etc.)  and  their  effect  on  film  quality  and  tilm  deposition 
rates,  and  (4)  experimental  characterization  ot  the  metal  films  by  X-ray 
diffraction,  scanning  electron  microscopy,  and  Auger  spectroscopy. 


L6.9 

ORGANOMETALLIC  CHEMICAL  VAPOR  DEPOSITION  OF  STRONTIUM 
TITANATE  THIN  FILMS.  W.  A.  Fell,*  L.  M.  Tonge,6  B.  W. 
Vessels,8  and  T.  J.  Marks,6  Northwestern  University, 
Evanston,  IL  60208 

SrTiOj  thin  films  were  deposited  by  low  pressure  orgsno- 
metallic  chemical  vapor  deposition  on  sapphire  and  sili¬ 
con  substrates  using  the  volatile  metalorganic  precur¬ 
sors  titanium  isopropoxide  and  Sr  (dipivaloylmethanate)2. 
Oxygen  and  water  vapor  were  used  as  reactant  gases  and 
argon  was  used  as  a  carrier  gas.  Growth  rates  ranging 
from  0.3  -  5.0  pm/hr  were  obtained  at  600  -  850“C. 

Highly  c-axis  oriented  SrTiOj  wes  obtained  on  (0001) 
sapphire,  while  no  preferred  orientation  could  be  ob¬ 
served  for  the  films  grown  on  silicon.  Both  the  growth 
rate  and  growth  temperature  influenced  the  phases  stabi¬ 
lized  and  the  surface  morphology  of  the  as-deposited 
films  grown  on  sapphire.  SrT103  films  deposited  on  sili¬ 
con  substrates  exhibited  resistivities  greater  than  10® 
ohm-cm  and  dielectric  constants  up  to  100. 

L6.10 

HIGHLY  RESOLVED  GRADIENT  PATTERNS  IN  GLASS  BY 
MEANS  OF  CHEMICAL  VAPOR  DEPOSITION.  Harry  D. 
Gafney.  Edgar  Mendoza  ,  F.ueene  Wolkow  ,  Department  of 
Chemistry,  Queens  College  of  CUNY  .  Flushing  ,  N.Y.  11367  ; 
and  Peter  Wong,  Department  of  Chemistry,  Queensborough 
Community  College,  Bayside.  N.Y.  1 1364 

Recent  experiments  have  established  that  highly  resolved 
patients  of  refractive  index  gradients  can  be  produced  in 
glass  by  photolysis  and  subsequent  heat  treatment  of 
vapor  deposited  organometallic  reagents  on  porous  Vycor 
glass  (PVG)  or  dried  porous  silica  gels.  The  comparitive 
topographies  of  the  porous  adsorbents  and  consolidated 
glasses  were  observed  by  optical  and  scanning  electron 
microscopy  (SEM)  and  conclusions  were  drawn  with 
respect  to  resolution  of  patients  as  a  function  of  chemical 
behavior  of  absorbate.  The  photochemical  and  thermal 
reactions,  which  lead  to  consolidated  glass  formation,  as 
well  as  the  synthesis  of  sol-gels  will  be  described. 

Comparisons  between  glasses  made  by  critical  cooling  of 
melts  (ccm),  such  as  vycor,  and  the  sol -gel  method  (sgm) 
will  be  discussed  with  respect  to  their  compositions  and 
topographies. 

L6.ll 

SMALL  ANGLE  X-RAY  SCATTERING  (SAXS)  FROM  METAL 
IMPREGNATED  POROUS  VYCOR  GLASS.*  P, .Sunil,  J. 
Sokolov*’  M.H.  Rafailovich,  E.  Mendoza,  E. 
Wolkow,  H.D.  Gafney,  Queens  College,  G.  Long, 
NIST,  P.  Jemian,  Northwestern  University,  A. 
Hansen,  Brookhaven  National  Laboratory, 

We  have  obtained  highly  resolved  patterns  by 
photolysis  of  iron  and  tin  compounds  vapor 
deposited  onto  porous  Vycor  glass,  (PVG) .  In 
order  to  study  the  nature  of  the  surface 
chemical  process  and  its  relationship  to  the 
morphology  of  the  glass,  the  samples  were 
studied  by  various  complementary  techniques. 
SAXS  clearly  shows  that  the  Sn  impregnated 
glass  retains  the  morphology  of  the  spinodaly 
decomposed  phase  of  the  PVG  even  after 
consolidation  at  1200"C.  In  contrast,  the  Fe 
impregnated  sample  has  this  structure  only  for 
T  S  650’C  and  is  then  collapsed  to  a  uniform 
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glass  at  1200 'C.  Rutherford  backscattering  in 
conjunction  with  X-Ray  micrography  show  the  Sn 
oxides  to  be  uniformly  distributed  in  a 
granular  glass  matrix,  while  the  Fe  oxides  are 
incorporated  into  a  smooth  glass  substrate, 
forming  a  uniform,  400 n  thick  layer  situated 
several  hundred  angstroms  below  the  glass 
surface.  We  conclude  that  the  Sn  oxides  are 
more  strongly  bound  to  the  glass  thereby 
modifying  its  surface  and  inhibiting  the 
consolidation  process.  Similar  studies  on 
impregnated  glass  gels  will  be  presented  and 
compared  with  scanning  electron  micrographs  of 
the  samples. 
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SESSION  Ml :  THEORY  AND  EXPERIMENT 
Chairs:  P.  Chu  and  F.  Fradin 

Monday  Morning,  November  27 
Salon  G  (M) 


SYMPOSIUM  M  presentations 
may  be  viewed 
simultaneously  in  the 
Essex  North  West  Room, 
Westin  Hotel. 


8:30  *M1 . 1 

MYTH  AND  REALITY  IN  HIGH  Tc,  Philip  W. 
Anderson .  Princeton  University,  Department 
of  Physics,  Princeton,  NJ. 

9:00  *M1 . 2 

SOME  THEORIES  OF  HIGH  TEMPERATURE  SUPERCON¬ 
DUCTIVITY,  Marvin  L.  Cohen.  University  of 
California,  Berkeley,  and  Materials  and 
Chemical  Sciences  Division,  Lawrence  Berke¬ 
ley  Laboratory,  Department  of  Physics, 
Berkeley,  CA. 

9:30  MU 

RENORMALIZATION  FROM  DENSITY  FUNCTIONAL 
THEORY  TO  STRONG  COUPLING  MODELS  FOR  THE 
ELECTRONIC  STRUCTURE  OF  La2Cu04,  Mark  S. 
Hvbertsen  and  Michael  Schluter,  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ?  E.B.  Stechel 
and  D.R.  Jennison,  Sandia  National  Labora¬ 
tories,  Solid  State  Theory  Division  1151, 
Albuquerque,  NM. 

9:45  BREAK 

10:00  *M1 . 4 

EXPERIMENTAL  EVIDENCE  FOR  VORTEX-GLASS 
SUPERCONDUCTIVITY  IN  YBaCuO,  R.  Koch.  IBM 
T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY. 

10:30  Ml .5 

ELECTRONIC  STRUCTURE  OF  La?_xSrxNi  ^  SUPER¬ 
CONDUCTING  MATERIALS,  Yueiin  Guo  and  William 
A.  Goddard  III,  California  Institute  of 
Technology,  Arthur  Amos  Noyes  Laboratory  of 
Chemical  Physics,  Pasadena,  CA. 

10:45  Ml. 6 

VORTEX  PHASES  AND  DISSIPATION  IN  HIGH  TEMP¬ 
ERATURE  SUPERCONDUCTING  OXIDES,  N.C.  Yeh . 
IBM  T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY. 


‘Invited  Paper 

Short  Course  M-05,  "Fabrication,  Charac¬ 
terization,  and  Applications  of  High-Temper- 
iture  Superconducting  Materials,"  may  be  of 
interest  to  symposium  attendees.  Details 
•egarding  course  dates  and  instructors  are 
provided  in  the  short  course  section  of  this 
jrograrc. 


11:00  Ml. 7 

EVIDENCE  OF  KOSTERLITZ-THOULESS  TRANSITION 
AND  FLUCTUATIONS  IN  HIGH  TEMPERATURE  SUPER¬ 
CONDUCTING  THIN  FILMS,  0 .  Y .  Yina  and  H.S. 
Kwok,  State  University  of  New  York  at  Buf¬ 
falo,  Institute  on  Superconductivity,  Buf¬ 
falo,  NY. 

11:15  Ml. 8 

PHONON  ANOMALY  ACROSS  Tc  IN  Y ( Er ) Ba2Cu307_6 , 
R.P.  Sharma .  L.E.  Rehn,  P.M.  Baldo  and  J.Z. 
Liu,  Argonne  National  Laboratory,  Materials 
Science  Division,  Argonne,  IL. 

11:30  Ml. 9 

REPRODUCIBLE  TUNNELING  DATA  ON  CHEMICALLY 
ETCHED  SINGLE  CRYSTALS  OF  YBa2Cu307,  J.M. 
Valles  Jr.  .  M.  Gurvitch,  A.M.  Cucolo,  R.C. 
Dynes,  J.P.  Garno,  L.F.  Schneemeyer,  J.V. 
Waszczak,  AT&T  Bell  Laboratories,  Murray 
Hill,  NJ. 

11:45  Ml. 10 

HIGH  QUALITY  SINGLE  CRYSTALS  OF  Y1Ba2Cu3Oy 
WITH  SUPERIOR  MICROWAVE  PROPERTIES,  Done  Ho 
Wu .  W.  Kennedy  and  S.  Sridhar,  Northeastern 
University,  Physics  Department,  Boston,  MA. 

SESSION  M2:  NOVEL  MATERI^S 
Chairs:  L.  Schneemeyer  and  J.  Jorgenson 

Monday  Afternoon,  November  27 
Salon  G  (M) 


SYMPOSIUM  M  presentations 
may  be  viewed 
simultaneously  in  the 
Essex  North  west  Room, 
Westin  Hotel. 


1:30  *M2. 1 

CRYSTAL  CHEMISTRY  OF  OXIDE  SUPERCONDUCTORS, 
Arthur  W.  Sleiaht.  Oregon  State  University, 
Department  of  Chemistry,  Corvallis,  OR. 

2:00  M2 .2 

SUPERCONDUCTIVITY  IN  BISMUTH-LEAD-ANTIMONY 
BASED  PEROVSKITES,  R.J.  Cava.  B.  Batlogg, 
J.J.  Krajewski,  W.F.  Peck  Jr.,  L.w.  Rupp 
Jr.,  AT&T  Bell  Laboratories,  Murray  Hill, 
NJ. 

2:30  M2. 3 

PrBa2Cu307  AND  CmBa2Cu307:  THE  ABSENCE  OF 
SUPERCONDUCTIVITY  IN  YBa 2Cv 30 7-RELATED 
COMPOUNDS,  L.  Soderholm.  G.L.  Goodman, 
Argonne  National  Laboratory,  Chemistry 
Division,  Argonne,  IL:  U.  Welp,  Argonne 
National  Laboratory,  Materials  Sciences 
Division,  Argonne,  IL;  and  C.-K.  Loong, 
Argonne  National  Laboratory,  IPNS  Division, 
Argonne,  IL. 
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2:45  M2. 4 

THE  EFFECTS  OF  OXYGEN  AND  STRONTIUM  VACAN¬ 
CIES  ON  THE  SUPERCONDUCTIVITY  OF  SINGLE 
CRYSTALS  OF  Bi 2Sr 2_xCu06_y ,  B.C.  Sales.  B.C. 
Chakoumakos  and  Edward  Sonder,  Oak  Ridge 
National  Laboratory,  Solid  State  Division, 
Oak  Ridge,  TN. 

3:00  M2. 5 

STRUCTURE  PROPERTY  RELATIONSHIPS  IN  THE  ONE- 
LAYER  BISMUTH  STRONTIUM  CUPRATE  SUPERCONDUC¬ 
TOR,  Steven  A.  Sunshine.  Robert  Fleming, 
Lynn  Schmeemeyer  and  Theo  Siegrist,  AT&T 
Bell  Laboratories,  Murray  Hill,  NJ. 

3:15  BREAK 


3:30  *M2 . 6 

CERTAIN  NOVEL  ASPECTS  OF  THALLIUM  AND  BIS¬ 
MUTH  CUPRATE  SUPERCONDUCTORS ,  C.N.R.  Rao , 
Indian  Institute  of  Science,  Solid  State  and 
Structural  Chemistry  Unit,  Bangalore,  India. 

4:00  M2. 7 

INFLUENCE  OF  THE  PARTIAL  SUBSTITUTION  OF 
SMALL  RARE  EARTHS  FOR  Ca  IN  THE  SUPERCONDUC¬ 
TIVE  Bi-Sr-Ca-Cu-0  COMPOUND,  M.J.  Casanove . 
P.  Baules,  E.  Snoeck  and  C.  Roucau,  CNRS, 
CEMES-LOE,  Toulouse,  France;  P.  Millet,  R. 
Enjalbert  and  J.  Galy,  LCC,  Toulouse, 
France . 

4:15  M2 .8 

SYNTHESIS  AND  CHARACTERIZATION  OF 
Nd-  >a5Ce0 >15Cuo4±x,  T-A,.  Vanderah,  Naval 

Weapons  Center,  Research  Department,  China 
Lake,  CA;  and  M.S.  Osofsky,  Naval  Research 

Laboratory,  Washington,  DC. 

4:30  M2. 9 

SUPERCONDUCTIVITY  IN  ( Nd , Ce , Ca ) 2Cu04-z ,  IL 
Sakurai .  T.  Yamahita,  S.  Ikegawa  and  H. 
. amauchi,  International  Superconductivity 
Technology  Center,  Superconductivity  Re¬ 
search  Laboratory,  Tokyo,  Japan. 

4:45  M2. 10 

SUPERCONDUCTING  BEHAVIOR  OF  TETRAGONAL  (T' ) 
Eu2-xCexCu04±6 »  v.J.  Melim.  Weimin  Peng  and 

C. W.  Kimball,  Northern  Illinois  University, 
Department  of  Physics,  Dekalb,  IL;  and  B. 
Dabrowski ,  Y.  Zheng  and  D.G.  Hinks,  Argonne 
National  Laboratory,  Argonne,  IL. 

5:00 

CERAMIC  MATERIALS  WITH  T'  -CRYSTAL  STRUCTURE 
IN  THE  Ln2_xMxCu04_y  (Ln=Pr,Nd;  M=Ce,  Pb, 
Sn)  SYSTEM,  R. ’ Oviedo-Roa ,  L.  Govea,  and  R. 
Escudero .  Universidad  Nacional  Autonoma  De 
Mexico,  Instituto  de  Investigaciones  en 
Materiales,  Solid  State  Department,  Mexico, 

D.  F. ,  Mexico. 


SESSION  M3:  THIN  FILM  DEPOSITION: 
LASER  ABLATION  TECHNIQUE 
Chairs:  J.  Narayan  and  T.  Venkatesan 

Tuesday  Morning,  November  28 
Salon  G  (M) 


SYMPOSIUM  M  presentations 
may  be  viewed 
simultaneously  in  the 
Essex  North  West  Room, 
Westin  Hotel. 


8:00  *M3  ■  1 

PULSED  LASER"  TECHNIQUE  FOR  DEPOSITION  OF 
SUPERCONDUCTING  THIN  FILMS:  DEPOSITION 
PHYSICS  AND  IN-SITU  PROCESSING,  R.K.  Singh 
and  J.  Narayan,  North  Carolina  State  Univer¬ 
sity,  Department  of  Materials  Science  and 
Engineering,  Raleigh,  NC. 

8:30  M3. 2 

SYNTHESIS  AND  PROPERTIES  OF  Y1_xPrxBa2Cu3- 
07_x  THIN  FILMS,  X .  D .  Wu .  M.S.  Hegde ,  A. 
Inam  and  X.X.  Xi ,  Rutgers  University,  Phys¬ 
ics  Department,  Piscataway,  NJ;  T. 
Venkatesan  and  C.C.  Chang,  Bellcore,  Red 
Bank,  NJ. 

8:45  M3. 3 

IN  SITU  GROWTH  OF  HIGH  QUALITY  EPITAXIAL 
YBa2Cu307_x  FILMS  AT  MODERATE  SUBSTRATE 
TEMPERATURES  AND  OVER  LARGE  AREAS  BY  PULSED 
LASER  ABLATION,  Douglas  H.  Lowndes,  J.W. 
McCamy,  D.P.  Norton,  R.  Feenstra,  J.D.  Budai 
and  D.N.  Mashburn,  Oak  Ridge  National  Labor¬ 
atory,  Solid  state  Division,  oak  Ridge,  TN. 

9:00  M3. 4 

TAILORED  HIGH-Tc  SUPERCONDUCTING  THIN  FILMS 
MADE  BY  LAYER-BY-LAYER  DEPOSITION  WITH 
EXCIMER  LASER,  Tomoii  Kawai r  Masaki  Kanai, 
Hitoshi  Tabata  and  Shichio  Kawai,  Osaka 
University,  The  Institute  of  Scientific  and 
Industrial  Research,  Osaka,  Japan. 

9:15  M3. 5 

IN  SITU  PREPARATION  OF  SUPERCONDUCTING  Y-Ba- 
Cu-0  THIN  FILMS  ON  SILICON  SINGLE  CRYSTALS, 
H.-U.  Habermeier  and  G.  Mertens,  Max-Planck- 
Institut,  Stuttgart,  West  Germany. 

9:30  M3. 6 

MACROSCOPIC  PERSISTENT  CURRENTS  IN  LASER 
ABLATED  YBa2Cu307_x  FILMS,  B.  Stritzker .  J. 
Frdhl ingsdorf ,  U.  Kruger,  Institut  fur 
Schicht-  und  lonentechnik ,  KFA  Jiilich,  West 
Germany;  P.  Leiderer,  Universit&t  Konstanz, 
Fakultat  fur  Physik,  Konstanz,  West  Germany; 
R.  Feile,  Universit&t  Mainz,  Institut  fur 
Physik,  Mainz,  West  Germany;  and  W.  zander, 
Institut  fur  Schicht-  und  lonentechnik,  KFA 
Jiilich,  West  Germany 

9:45  BREAK 
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10:00  *M3 . 7 

STUDY  OF  IN-SITU  LASER-DEPOSITION  OF  SUPER¬ 
CONDUCTING  THIN  FILMS  BY  IN-SITU  RESISTANCE 
MEASUREMENT,  Q.Y.  Ying,  H.S.  Kim,  D.T.  Shaw 
and  H.S.  Kwok .  State  University  of  New  York 
at  Buffalo,  Institute  on  Superconductivity, 
Buffalo,  NY. 

10:30  M3. 8 

IN-SITU  GROWN  YBCO  FILMS  AND  BUFFER  LAYERS 
ON  SILICON  BY  PULSED  LASER  DEPOSITION, 
G.A.N-  Connell.  J.B.  Boyce,  Xerox  Palo  Alto 
Research  Center,  Palo  Alto,  CA;  F.  Bridges, 
Xerox  Palo  Alto  Research  Center,  Palo  Alto, 
CA  and  University  of  California,  Physics 
Department,  Santa  Cruz,  CA;  D.B.  Fenner, 
Xerox  Palo  Alto  Research  Center,  Palo  Alto, 
California  and  Santa  Clara  University, 
Physics  Department,  Santa  Clara,  CA;  and 
D.K.  Fork,  Xerox  Palo  Alto  Research  Center, 
Palo  Alto,  California  and  Stanford 
University,  Department  of  Applied  Physics, 
Stanford,  CA. 

10:45  M3 .9 

ArF  LASER  ABLATION  OF  YBa2Cu307_x  AS  STUDIED 
BY  EMISSION  SPECTROSCOPY,  SEM  AND  EDAX ,  Alon 
Hoffman,  Royal  Melbourne  Institute  of  Tech¬ 
nology,  Department  of  Applied  Physics, 
Melbourne,  Australia;  and  Rafael  Manory . 
Royal  Melbourne  Institute  of  Technology, 
Department  of  Mettallurgy  Engineering, 
Melbourne,  Australia. 

11:00  M3. 10 

THE  PROCESSING  OF  SUPERCONDUCTING  THIN  FILMS 
OF  Pb-Bi-Sr-Ca-Cu-0  USING  LASER  ABLATION 
TECHNIQUES,  F.  Beech .  M.  Brown,  R.  Jackman, 

I. W.  Boyd,  University  College  London,  De¬ 
partment  of  Electronic  and  Electrical  En¬ 
gineering,  London,  United  Kingdom;  and  F. 
Saba,  Imperial  College,  Department  of  Mate¬ 
rials,  London,  United  Kingdom. 

11:15  M.3,U 

ION  TIME  OF  FLIGHT  STUDY  FROM  LASER  ABLATED 
Y1Ba2Cu307,  R.  A.  Neifeld,  A.  Tauber,  U.S. 
Army  LABCOM,  ETDL,  Fort  Monmouth;  W.T.  Hill 
III,  B.  Turner,  University  of  Maryland, 
Institutre  of  Physical  Science  and  Techn¬ 
ology,  College  Park,  MD. 

11:30  M3 .12 

CHARACTERIZATION  OF  THE  TARGET-SUBSTRATE 
BIAS  POTENTIAL  DEPENDENCE  OF  PULSED  LASED 
DEPOSITION  OF  YBa2Cu307_6,  D.B.  Chrisev . 
K.S.  Grabowski,  Naval  Research  Laboratory, 
Surface  Modification  Branch,  Washington,  DC; 
M.S.  Osofsky,  Naval  Research  Laboratory, 
Materials  Physics  Branch,  Washington,  DC; 

J. A.  Sprague  and  C.R.  Gossett,  Naval 
Research  Laboratory,  Surface  Modification 
Branch,  Washington,  DC. 


11:45  M3. 13 

PREPARATION  AND  PROPERTIES  OF  EPITAXIAL  THIN 
FILMS  OF  SUPERCONDUCTING  Nd1>_xCexCu04_y ,  Aj_ 
Gupta .  G.  Koren,  C.C.  Tsuei ,  A.  Segiimller 
and  T.R.  McGuire,  IBM  T.J.  Watson  Research 
Center,  Yorktown  Heights,  NY. 

SESSION  M4 :  BULK  MATERIALS 
Chairs:  D.  Ginley  and  H.  O'Bryan 

Tuesday  Afternoon,  November  28 
Salon  G  (M) 


SYMPOSIUM  M  presentations 
may  be  viewed 
simultaneously  in  the 
Essex  North  West  Room, 
Westin  Hotel. 


1:30  *M4 . 1 

THE  STUDY  OF  THE  SYNTHESIS  AND  MEASUREMENT 
OF  HIGH  Tc  BULK  MATERIALS,  P.H.  Hor .  Univer¬ 
sity  of  Houston,  Houston,  TX. 

2:00  M4.2 

FABRICATION  OF  TEXTURED  MICROSTRUCTURES  IN 
YBa2Cu306+x  BY  LIQUID-PHASE  SINTERING,  Lijie 
Zhang,  Martin  P.  Harmer  and  Helen  M.  Chan. 
Lehigh  University,  Department  of  Material 
Science,  Bethlehem,  PA. 

2:15  M4.3 

SYNTHESIS  OF  UN I DIRECTI ONALLY  SOLIDIFIED  Y- 
Ba-Cu-0  BULK  SUPERCONDUCTORS  WITH  HIGH 
CRITICAL  CURRENT  DENSITY,  E.  Yanaaisawa.  S. 
Kondoh,  J.  Shimoyama,  J.  Kase,  T.  Matsubara 
and  T.  Morimoto,  Asahi  Glass  Company,  Ltd., 
Research  Center,  Yokohama,  Japan. 

2:30  M4.4 

PROCESSING  OF  HIGH  CURRENT  DENSITY  YBa2Cu3Ox 
SUPERCONDUCTORS,  V.  Selvamanickam  and 
Salama .  University  of  Houston,  Texas  Center 
of  Superconductivity,  Department  of  Mechani¬ 
cal  Engineering,  Houston,  TX. 

2:45  M4.5 

FABRICATION  OF  YBa2Cu307_x  FILAMENTS  BY 
EXTRUSION  OF  A  Cu303Ba2Y ( meOEt ) 7  (meOEt  IS 
2 -METHOXY  ETHANOL )  PRECURSOR ,  M.W.  Rupich , 
S.F.  Cogan,  B.  Lagos  and  J.P.  Hachey,  EIC 
Laboratories,  Inc.,  Norwood,  MA. 

3:00  BREAK 

3:15  *M4 . 6 

THE  DEPENDENCE  OF  Tc  FOR  CERAMIC  HIGH-TC 
SUPERCONDUCTORS  ON  ELECTRONIC  PARAMETERS, 
B.C.  Giessen  and  R.S.  Markiewicz,  North¬ 
eastern  University,  Barnett  Institute  and 
Departments  of  Chemistry  and  Physics,  Mate¬ 
rials  Science  Division,  Boston,  MA. 
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3:45  M4..7 

THE  EFFECT  OF  THE  DISTRIBUTION  OF  DOPANTS  IN 
HIGH  Tc  BI-COMPOUND  SUPERCONDUCTORS,  Alexis 
S .  Nash.  Marquette  University,  ECBE 
Depart*. -?nt ,  Milwaukee,  WI ;  Kenneth  C. 
Goretta ,  Argonne  National  Laboratory,  Ceram¬ 
ics  Section,  Materials  and  Components  Tech¬ 
nology  Division,  Argonne,  IL;  Philip  Nash, 
Illinois  Institute  of  Technology,  Metallur¬ 
gical  and  Materials  Engineering,  Chicago, 
IL;  Roger  B.  Peoppel  and  Donglu  Shi,  Argonne 
National  Laboratory,  Ceramics  Section, 
Materials  and  Components  Technology 
Division,  Argonne,  IL. 

4:00  M4.8 

A  NOVEL  SPRAY  PRYOLYSIS  SYSTEM  FOR  THE 
DEPOSITION  OF  HIGH  Tc  SUPERCONDUCTORS,  Tobv 
J .  Cumberbatch .  Cambridge  University,  I.R.C. 
in  Superconductivity,  Cambridge,  United 
Kingdom;  Stephen  Deane  and  Paul  E.  Barden, 
Cambridge  University,  Engineering  Depart¬ 
ment,  Cambridge,  United  Kingdom. 

4:15  M4.9 

HIGH  TEMPERATURE  SUSPENSION  MELTING  TREAT¬ 
MENT  OF  SUPERCONDUCTING  POWDER  ( HTSM ) ,  Zhang 
Jianaou .  Zhou  Yiru,  Wang  Junsheng,  Yan 
Junlian,  Liu  Ansheng,  Zhang  Baoren  and  Xu 
Yalan,  General  Research  Institute  for  Non- 
Ferrous  Metals,  Beijing,  China. 

4 : 30  M4-10 

REACTIONS  AT  CERAMIC  SUPERCONDUCTOR/METAL 
INTERFACES,  Min-Seok  Oh  and  Michael  R. 
Notis,  Lehigh  University,  Department  of 
Materials  Science  and  Engineering,  Beth¬ 
lehem,  PA. 

4:45 

YBa2Cu307  FILAMENT-SUPERPLASTIC  ALLOY  COM¬ 
POSITES,  Emilio  Oroaz  and  Miguel  A.  Ocampo, 
Condumex  Research  and  Development  Center, 
Department  of  Materials,  Mexico,  D.F., 
Mexico;  David  Rios-Jara  and  Tatsuo  Akachi , 
I IM-UNAM ,  Department  of  Metals  and  Ceramic 
Materials,  Mexico  City,  Mexico. 

5:00  M4.12 

SILVER  IN  Y-Ba-Cu-O:  SUBSTITUTION,  MICRO¬ 
STRUCTURE,  AND  SUPERCONDUCTING  PROPERTIES, 
B.R,  Weinberger.  L.  Lynds,  D.M.  Potrepka,  R. 
Cipolli,  D.B.  Snow,  C.T.  Burila,  H.E.  Eaton, 
United  Technologies  Research  Center,  East 
Hartford,  CT;  Z.  Tan  and  J.l.  Budnick, 
University  of  Connecticut,  Department  of 
Physics,  Storrs,  CT. 


5:15  M4.13 

MICROSTRUCTURAL  ANALYSES  AND  MAGNETIC 
MEASUREMENTS  OF  Ag/YBa2Cu307_x  COMPOSITES, 
V.S.  Achuthuraman ,  Y.J.  Zhang,  M . L . 
Mecartney .  University  of  Minnesota,  Depart¬ 
ment  of  Chemical  Engineering  and  Materials 
Science,  Minneapolis,  MN;  and  J.  McArdle,  Q. 
Chen,  B.  Koepke,  Honeywell,  Inc.,  Minne¬ 
apolis,  MN. 

SESSION  M5 :  THIN  FILM  DEPOSITION: 

OTHER  TECHNIQUES 

Chairs:  R.  C.  Dynes  and  D.  K.  Christen 

Wednesday  Morning,  November  29 
Salon  G  (M) 


SYMPOSIUM  M  presentations 
may  be  viewed  simultaneously 
in  the  America  Ballroom  Lobby 
Westin  Hotel. 


B : 00  *M5 . 1 

IN-SITU  GROWTH  OF  Y1Ba2Cu307_x  FILMS  BY 
MOLECULAR  BEAM  EPITAXY  WITH  AN  ACTIVATED 
OXYGEN  SOURCE,  J  ■  Kwo .  AT&T  Bell  Labora¬ 
tories,  Murray  Hill,  NJ. 

8:30  M5.2 

SUPERCONDUCTORS  AND  INSULATORS  IN  RUBIDIUM 
BARIUM  BISMUTH  OXIDE  FILMS  GROWN  IN-SITU  BY 
MOLECULAR  BEAM  EPITAXY,  E.S.  Heilman.  E.H. 
Hartford,  R.M.  Fleming,  AT&T  Bell  Labora¬ 
tories,  Murray  Hill,  NJ. 

8:45  MSj,3 

AS-DEPOSITED  SUPERCONDUCTING  Y-Ba-Cu-0  FILMS 
ON  GaAS  SUBSTRATE  BY  HIGH  PRESSURE  DC  SPUT¬ 
TERING  PROCESS,  R.J.  Lin  and  P.T.  Wu,  In¬ 
dustrial  Technology  Research  Institute, 
Materials  Research  Laboratories,  Hsinchu, 
Taiwan,  China. 

9:00  K5^_l 

HIGH-TC  YBa2Cu307  THIN  FILMS  PRODUCED  BY 
MULTILAYER  SPUTTER  DEPOSITION,  Mark  S. 
Dilorio.  Kai-Y  Jeh  Yang,  Andrew  N.  Erickson, 
Biomagnetic  Technologies  Inc.,  San  Diego, 
CA;  Patricia  Tsai,  M.  Brian  Maple,  Univer¬ 
sity  of  California-San  Diego,  Department  of 
Physics,  LaJolla,  CA. 

9:15  M5.5 

HIGH  CRITICAL  CURRENT  DENSITY  IN  ULTRATHIN 
YBCO  FILMS,  X . X .  Xi .  Rutgers  University, 
Physics  Department,  Piscataway,  NJ;  W. 
Schauer,  Institut  fuer  Technische  Physik, 
Karlsruhe,  West  Germany;  J.  Geerk,  Kern- 
f orschungszentrum  Karlsruhe,  Institute  fuer 
Nukleare  Festkoeperphysik,  Karlsruhe,  West 
Germany;  Q.  Li,  Rutgers  University,  Physics 
Department,  Piscataway,  NJ;  G.  Linker  and  0. 
Meyer,  Kernf orschungszentrum  Karlsruhe, 
Institute  fuer  Nukleare  Festkoeperphysik, 
Karlsruhe,  West  Germany. 
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9:30  M5.6 

SYNTHESIS  AND  PROPERTIES  OF  YBa2Cu307_x  THIN 
FILMS  GROWN  IN-SITU  BY  SINGLE  TARGET  MAG¬ 
NETRON  SPUTTERING,  C.B.  Eom ,  J.  Sun,  K. 
Yamamoto,  T.H.  Geballe,  Stanford  University, 
Center  for  Materials  Research,  Stanford,  CA; 
and  S.S.  Laderman,  Hewlett-Packard  Company, 
Palo  Alto,  CA. 

9:45  BREAK 

10:00  »M5.7 

IN-SITU  PREPARATION  OF  THIN  FILMS  OF  HIGH  Tc 
MATERIALS,  T.  Geballe.  Stanford  University, 
Stanford,  CA. 

10:30  M5.8 

ION  BEAM  CO-DEPOSITION  OF  YBa2Cu30g+x  FILMS, 
B.J.  Kellett.  J.H.  James,  A.  Gauzzi,  B.  Dwir 
and  D.  Pavuna,  Swiss  Federal  Institute  of 
Technology,  Institute  of  Micro  and  Optoelec¬ 
tronics,  Lausanne,  Switzerland. 

10:45  M5.9 

IN-SITU  PREPARATION  AND  CHARACTERIZATION  OF 
SUPERCONDUCTING  THIN  FILMS  AND  RELATED 
MATERIALS  BY  MOCVD  FOR  THE  DEVELOPMENT  OF 
THREE  TERMINAL  SWITCHING  DEVICES,  R.  Singh. 
S.  Sinha,  N.J.  Hsu,  P.  Chou,  R.P.S.  Thakur , 
A.  Kumar,  University  of  Oklahoma,  Department 
of  Electrical  Engineering  and  Computer 
Science,  Norman,  OK;  J.  Narayan  and  R.K. 
Singh,  North  Carolina  State  University, 
Department  of  Materials  Science,  Raleigh, 
NC. 

11:00  M5.10 

LOW  TEMPERATURE  PREPARATION  OF  Y-Ba-Cu-0 
THIN  FILMS  BY  OMCVD,  Taiii  Tsuruoka .  Ryoudou 
Kawasaki,  Hitoshi  Abe  and  Susumu  Shibata, 
Oki  Electric  Industry  Company,  Ltd.,  Re¬ 
search  Laboratory,  Tokyo,  Japan. 

11:15  M5.ll 

PREPARATION  OF  SUPERCONDUCTING  Y-Ba-Cu-0 
THIN  FILMS  BY  MOCVD,  H.  Ohnishi ,  Y. 
Kusakabe,  M.  Kobayashi  and  S.  Hoshinouchi, 
Mitsubishi  Electric  Corporation,  Manufactur¬ 
ing  Development  Laboratory,  Hyogo,  Japan;  H. 
Harima  and  K.  Tachibana,  Kyoto  Institute 
Technology,  Department  of.  Electronics, 
Kyoto,  Japan. 

11:30  M5..JL2 

INNOVATIVE  LOW-TEMPERATURE  METAL-ORGANIC 
CHEMICAL  VAPOR  DEPOSITION  ( LTMOCVD )  ROUTES 
TO  THE  FABRICATION  OF  DEVICE  QUALITY  HIGH 
TEMPERATURE  OXIDE  SUPERCONDUCTORS,  Alain  E. 
Kaloyeros,  Aiguo  Feng,  Jonathan  Garhart, 
State  University  of  New  York  at  Albany, 
Physics  Department,  Albany,  NY;  Marianne 
Holma .  University  of  Illinois  at  Urbana- 
Champaign,  Physics  Department,  Urbana,  IL; 
and  Kenneth  Brooks,  University  of  Illinois 
at  Urbana-Champaign ,  Chemistry  Department, 
Urbana,  IL. 


11:45  M5.13 

IN-SITU  GROWTH  OF  YBa2Cu307_x  FILMS  BY  METAL 
ORGANIC  CHEMICAL  VAPOR  DEPOSITION  USING 
VERTICAL,  HIGH-SPEED  ROTATING  DISK  REACTOR, 
n.W.  Noh .  B.  Gallois,  Stevens  Institute  of 
Technology,  Department  of  Materials  Science 
and  Engineering,  Hoboken,  NJ;  C.  Chern,  B. 
Kear,  Rutgers  University,  Department  of 
Materials  Science,  Piscataway,  NJ;  G.S. 
Tompa,  P.  Norris  and  P.  Zawadzki,  EMCORE, 
Somerset,  NJ. 

SESSION  M6 :  CRYSTAL  CHEMISTRY 
Chairs:  A.  Sleight  and  T.  Vanderah 

Wednesday  Afternoon,  November  29 
Salon  G  (M) 


SYMPOSIUM  M  presentations 
may  be  viewed  simultaneously 
in  the  America  Ballroom  Lobby 
Westin  Hotel. 


1:30  *M6 . 1 

STRUCTURAL  ASPECTS  OF  THE  PHASE  SEPARATION 
IN  La2  Cu04 . 032  '  C.  Chaill out.  Grenoble, 
France . 

2:00  M6.2 

CRYSTAL  CHEMISTRY  AND  SUB-SOLIDUS  PHASE 
RELATIONS  IN  (La,RE)2CuD4  SYSTEMS,  Joseph  F. 
Brinalev .  Steven  S.  Trail,  Michael  W. 
McElfresh  and  Bruce  A.  Scott,  IBM  T.J. 
Watson  Research  Center,  Yorktown  Heights, 
NY. 

2:15  Mfe.3 

A  THERMOCHEMICAL  INVESTIGATION  OF  THE  La-Sr- 
Cu-0  SYSTEM,  Joseph  Bularzik.  Alexandra 
Navrotsky,  Princeton  University,  Geology  and 
Geophysical  Science,  Princeton,  NJ;  and 
Bruce  Scott,  Joe  Bringley  and  Steve  Trail, 
IBM  T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY. 

2:30  M6 ■ 4 

STRUCTURAL  AND  MAGNETIC  PROPERTIES  OF  UN¬ 
TWINNED  YBa2Cu306+x  SINGLE  CRYSTALS,  Debra 
L.  Kaiser.  Frank  W.  Gayle,  Lydon  J. 
Swartzendruber  and  Winnie  Wong-Ng,  National 
Institute  of  Standards  and  Technology, 
Ceramics  Department,  Gaithersburg,  MD; 
Steven  F.  Watkins  and  Frank  R.  Fronczek, 
Louisiana  State  University,  Department  of 
Chemistry,  Baton  Rouge,  LA. 

2:45  M6.5 

Ba2YCu307_5  CRYSTAL  SURFACE  LAYERS;  ORTHO¬ 
RHOMBIC  SPLITTING,  DISLOCATIONS,  AND  CHEMI¬ 
CAL  ETCHING,  D.J.  Werder.  C.H.  Chen,  M. 
Gurvitch,  B.  Miller,  L.F.  Schneemeyer  and 
J . V .  Waszczak,  AT&T  Beil  Laboratories, 
Murray  Hill,  NJ. 

3:00  BREAK 
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3:15  *M6 . 6 

STRUCTURAL  PHASE  DIAGRAM  AND  SUPERCONDUCTING 
BEHAVIOR  IN  THE  Ba1_xKxBi03  SYSTEM,  J.D. 
Jorgensen,  Shiyou  Pei,  D.G.  Hinks,  B. 
Dabrowski ,  D.R.  Richards,  A.W.  Mitchell  and 
D.T.  Marx,  Argonne  National  Laboratory, 
Materials  Science  Division,  Argonne,  IL; 

S. K.  Sinha,  J.M.  Newsam,  D.  Vaknin  and  A.J. 
Jacobson,  Exxon  Research  and  Engineering 
Company,  Annandale,  NJ . 

3:45  M6.7 

ELECTRON-PHONON  COUPLING  IN  SUPERCONDUCTING 
BaI-XKxBi03:  A  RAMAN-SCATTERING  STUDY,  K.F. 
McCarty .  Sandia  National  Laboratories, 
Livermore,  CA;  H.B.  Radousky,  Lawrence 
Livermore  National  Laboratory,  Livermore, 
CA;  D.G.  Hinks,  Y.  Zheng,  A.W.  Mitchell, 
Argonne  National  Laboratory,  Argonne,  IL; 

T. J.  Folkerts  and  R.N.  Shelton,  University 
of  Calif ornia-Davis ,  Department  of  Physics, 
Davis,  CA. 


SESSION  M7 :  POSTER  SESSION 
Chairs:  D.  K.  Finnemore,  B.  Batlogg, 

J.  Budai ,  R.  Singh  and  W.  K.  Chu 
Wednesday  Evening,  November  29 
8:00  p.m.  -  10:00  p.m. 

America  Ballroom  (W) 


M7.1  ELECTRONIC  STRUCTURE  CALCULATIONS 

OF  THE  COPPER-OXYGEN  PLANES  IN  YBa2Cu306+y 
FOR  0  <  Y  <  1,  J.A.  Coaordan.  Universidaa 
Nacional  Autonoma  de  Mexico,  Instituto  de 
Investigaciones  en  Materiales,  Mexico, 
Mexico . 


M7 . 2  ON  THE  NATURE  OF  HOLES  IN  YBa2- 

Cu307_x,  E.E.  Alp,  J.C.  Campuzano.  G. 
Jennings .  J.  Guo,  L.  Beaulaigue,  S.M.  Mini, 
Argonne  National  Laboratory,  Materials 
Science  Division,  Argonne,  IL;  M.  Faiz,  Y. 
Zhou,  University  of  Illinois  at  Chicago, 
Chicago,  IL;  and  J.Z.  Liu,  Northwestern 
University,  Evanston,  IL. 


4:00  M6.8 

MAGNETIZATION  MEASUREMENTS  OF  5  nm 
Ba0  6k0  4Bi03  CRYSTALS:  APPROACH  TO  INTRIN¬ 
SIC*  BEHAVIOR  WITH  DECREASING  SIZE?  G.S. 
Grader ■  A.  F.  Hebard  and  L.F.  Schneemeyer, 
AT&T  Bell  Laboratories,  Murray  Hill,  NJ. 


4:15  M6.9 

HIGH  TEMPERATURE  NEUTRON  DIFFRACTION  STUDY 
OF  THE  FORMATION  REACTION  OF  BISMUTH  SUPER¬ 
CONDUCTORS,  M.F.  Garbauskas.  R.H.  Arendt, 
General  Electric  Company,  Corporate  Research 
and  Development,  Schenectady,  NY;  J.D. 
Jorgensen  and  R.L.  Hitterman,  Argonne  Na¬ 
tional  Laboratory,  Argonne,  IL. 


4:30  M6.10 

MODELS  FOR  OXYGEN  ORDERING  AND  DIFFUSION  IN 
Ba2YCu3Ox  AND  Ba2YCu3_yMyO?J  (M=Fe,Co,Al  ,Ga  )  , 
A.  Santoro.  National  Institute  of  Standards 
and  Technology,  Reactor  Radiation  Division, 
Gaithersburg,  MD. 


4:45  M+LL 

INFRA-RED  INVESTIGATIONS  ON  THE  LATTICE 
INSTABILITY  OF  SINGLE  PHASE  ( Bi , Pb ) 2 Sr2Ca2- 
Cu3010+x  SUPERCONDUCTING  CERAMIC,  He 
Aisheng,  North  University  of  Technology, 
Physics  Department,  Beijing,  China;  Zhang 
Jincang,  Chang  Fanggao,  Henan  Normal  Univer¬ 
sity,  Physics  Department,  Xinxiang,  China; 
Xiang  Jiong  and  He  Yusheng,  Tsinghua  Univer¬ 
sity,  Physics  Department,  Beijing,  China. 


M7.3  BAND  DISPERSION  AND  THE  FERMI 
SURFACE  OF  YBa^Cu306_9,  J.C.  Campuzano.  G. 
Jennings,  M.  Faiz,  L.* Beaulaigue,  B.W.  Veal, 
A . P .  Paulikas,  J.Z.  Liu,  H.  Claus  and  K. 
Vandervoort,  Argonne  National  Laboratory, 
Materials  Science  Division,  Argonne,  IL; 
A.J.  Arko,  R.S.  List,  R.J.  Bartlett  and  S.W. 
Cheong,  Los  Alamos  National  Laboratory,  Los 
Alamos,  NM;  C.G.  Olson,  A.B.  Yang,  R.  Liu 
and  C.  Gu,  Ames  National  Laboratory,  Ames, 
IA. 

M7.4  HIGH  TEMPERATURE  CERAMIC  SUPERCON¬ 
DUCTORS  AND  EXACT  SOLUTIONS  OF  THE  NON¬ 
LINEAR  LANDAU-GINZBURG  EQUATIONS,  Jack  A. 
Tuszvnski .  University  of  Alberta,  Edmonton, 
Canada;  and  John  M.  Dixon,  University  of 
Warwick,  Coventry,  United  Kingdom. 

M7.5  HOLE  CONCENTRATION  AND  SUBSTITU¬ 
TIONAL  DISORDER  IN  COMPENSATION  DOPED  NdBa2- 
Cu30y,  T.  Penney.  M.W.  Shafer  and  B.L. 
Olson,  IBM  T.J.  Watson  Research  Center, 
Yorktown  Heights,  NY. 

M7.6  ELECTRONIC  STRUCTURES  OF  Ga-  AND 
Zn-  SUBSTITUTED  YBa2Cu307  SUPERCONDUCORS , 
Yorg-nian  Xu  and  W.Y.  China.  University  of 
Missouri-Kansas  City,  Department  of  Physics, 
Kansas  City,  MO;  and  K.W.  Wong,  University 
of  Kansas,  Department  of  Ph- sics  and  Astron¬ 
omy,  Lawrence,  Kansas. 
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M7.7  STUDIES  OF  THE  ELECTRONIC  STRUCTURE 
OF  HTSC  AND  RELATED  COMPOUNDS  BY  X-RAY 
PHOTOELECTRON  SPECTROSCOPY,  S.  Mvhra .  A.E. 
Bocguet,  J.F.  Dobson  and  P.C.  Healy,  Grif¬ 
fith  University,  Division  of  Science  and 
Technology,  Queensland,  Australia;  P. 
Goodman  and  T.J.  White,  Melbourne  Univer¬ 
sity,  School  of  Physics,  Victoria,  Aus¬ 
tralia;  A.M.  Stewart,  Australian  National 
University,  Research  School  of  Physics,  ACT, 
Australia;  J.G.  Thompson,  Australian  Nation¬ 
al  University,  Research  School  of  Chemistry, 
ACT  Australia. 


M7.14  FLUX  PINNING  AND  WEAK  LINK  STRUC¬ 
TURE  IN  Ca2Cu103  DOPED  LnBa2Cu307_y  (Ln=La, 
Y),  Fumio  Mizuno.  Hiromu  Masuda,  Izumi 
Hirabayashi  and  Shoji  Tanaka,  Superconduc¬ 
tivity  Research  Laboratory,  Nagoya  Division, 
Nagoya,  Japan. 

M7.15  EASILY  ACTIVATED  FLUX  CREEP  AND 
ANISOTROPIC  FLUCTUATION  IN  NdCeCuO  THIN 
FILMS,  s .  Hatta .  S.  Hayashi ,  H.  Adachi  and 
K.  Wasa,  Matsushita  Electric  Industrial 
Company,  Ltd.,  Central  Research  Labora¬ 
tories,  Osaka,  Japan. 


M7.8  THE  EFFECT  OF  MAGNETIC  FIELD  ON  THE 
CRITICAL  CURRENT  DENSITY  OF  BULK  SUPERCON¬ 
DUCTING  WIRES,  M . T .  Lanaaan .  U. 
Balachandran,  C.A.  Youngdahl ,  J.T.  Dusek, 
J.J.  Picciolo  and  R.B.  Poeppel,  Argonne 
National  Laboratory,  Materials  and  Com¬ 
ponents  Department,  Argonne,  IL. 

M7.9  SANDWICH  EXCITONS  AS  THE  MECHANISM 
OF  SUPERCONDUCTIVITY  IN  CUPRATES  AND  BIS- 
MUTHATES,  Brent  A.  Richert ,  U.S.  Air  Force 
Academy,  Department  of  Physics,  Colorado 
Springs,  CO;  Ewald  Schachinger,  Technische 
Universitat  Graz,  Institut  fur  Theoretische 
Physik,  Graz,  Austria;  and  Roland  E.  Allen, 
lexas  A&M  University,  Department  of  Physics, 
College  Station,  TX. 


M7.16  MAGNETIZATION  AND  FLUX  BEHAVIOUR  OF 
YBa2Cu307_y  SUPERCONDUCTING  RINGS,  Shoichi 
Yokovama .  Kenji  Shimohata,  Toshie  Ushijima 
and  Tadatoshi  Yamada,  Mitsubishi  Electric 
Corporation,  Central  Research  Laboratory, 
Hyogo,  Japan. 


M7.17  VORTEX  STRUCTURE:  LATTICE,  GLASS, 
OR  LIQUID?  Robert  J.  Soulen  Jr.  and  S.A. 
Wolf,  Naval  Research  Laboratory,  Supercon¬ 
ducting  Materials  Section,  Washington,  DC. 


M7.18  THE  UPPER  CRITICAL  MAGNETIC  FIELD 
OF  SUPERCONDUCTING  YBa2 ( Cu3_xNix ) 307 ,  Youwen 
Xu,  A.R.  Moodenbaugh  and  M.  Suenaqa.  Brook- 
haven  National  Laboratory,  Material  Science 
Division,  Upton,  NY. 


M7.10  AC  SUSCEPTIBILITY  STUDIES  OF  THE 
HIGH  Tc  SUPERCONDUCTORS:  DISSIPATIVE  EFFECTS 
IN  THE  LA2_xSRxCU04_y  AND  YBA2CU307_y  SYS¬ 
TEMS,  Xinsheno  Ling,  Mark  Filipkowski, 
Joseph  I.  Budnick,  University  of  Connec¬ 
ticut,  Department  of  Physics  and  Institute 
of  Materials  Science,  Storrs,  CT. 

M7.ll  TRANSPORT  CRITICAL  CURRENT  OF 
SINTERED  YBa2Cu3Ox  IN  TIME-VARYING  MAGNETIC 
FIELDS,  P.D.  Hambourger.  J.  DiCillo,  M. 
Gibberman,  J.  Marino,  L.P.  Valek,  Cleveland 
State  University,  Department  of  Physics, 
Cleveland,  OH;  and  Michael  A.  Centanni, 
Ferro  Corporation,  Independence,  OH. 

M7.12  INFLUENCE  OF  METALLIC  SILVER  IN¬ 
FILTRATION  ON  THE  MICROSTRUCTURE  AND  TRANS¬ 
PORT  PROPERTIES  OF  YBaCuO,  L.  Rvelandt.  M. 
Cassart,  A.  Vandenbosch,  F'.  Delannay  and 
J-P.  Issi,  University  Catholique  de  Louvain, 
Unity  de  Physico-Chimie  et  de  Physique  des 
Materiaux,  Louvain-la-Neuve ,  Belgium. 

M7.13  COMPARISON  OF  FLUX  DYNAMICS  IN  TWO 
SAMPLES  OF  YBa2Cu307  WITH  DIFFERENT  PINNING, 
M.  Turchinskaya .  L.H.  Bennett,  L.J. 
Swartzendruber ,  A.  Roitburd,  C.K.  Chiang,  M. 
Hill,  J.E.  Blendell,  National  Institute  of 
Standards  and  Technology,  Gaithersburg,  MD; 
and  K.  Sawano,  Nippon  Steel  Corporation, 
Kawasaki,  Japan. 


M7.19  FLUX  LATTICE  MELTING  IN  ANISOTROPIC 
HIGH  Tc  SUPERCONDUCTORS,  R.S.  Markiewicz. 
Northeastern  university,  Physics  Department 
and  Barnett  Institute,  Boston,  MA. 

M7.20  HIGH  TEMPERATURE  DEFECT  CHEMISTRY 
OF  UNDOPED  AND  Ce-DOPED  Nd2Cu04 ,  D.J.L. 
Hong .  A.  Mehta  and  D.M.  Smyth,  Lehigh  Uni¬ 
versity,  Whitaker  Lab  #5,  Materials  Research 
Center,  Bethlehem,  PA. 

M7.21  TRANSPORT  AND  DIAMAGNETIC  PROPER¬ 
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Alto  Research  Center,  Palo  Alto,  CA;  F. 
Bridges,  Xerox  Palo  Alto  Research  Center, 
Palo  Alto,  CA  and  University  of  California, 
Physics  Department,  Santa  Cruz,  CA;  G.A.N. 
Connell,  Xerox  Palo  Alto  Research  Center, 
Palo  Alto,  CA;  and  T.H.  Geballe,  Stanford 
University,  Department  of  Applied  Physics, 
Stanford,  CA. 

M7.184  VERSATILE  LASER  DEPOSITION  CHAMBER 
FOR  IN-SITU  FABRICATION  OF  BUFFER  LAYERS  AND 
SUPERCONDUCTING  THIN-FILMS,  R.E.  Russo.  R.P. 
Reade  and  J.M.  McMillan,  Lawrence  Berkeley 
Laboratory,  Berkeley,  CA;  and  B.L.  Olsen, 
Lawrence  Livermore  National  Laboratory, 
Livermore,  CA. 

M7.185  IN-SITU  LASER  DEPOSITION  OF  YBa2~ 
Cu307_fi  AND  HoBa2Cu307.5  HIGH-Tc  SUPERCON¬ 
DUCTING  THIN  FILMS  ON  Si  (100)  AND  KTa03 
(100),  A.K.  Singh,  C.  Lee,  J.  Narayan,  North 
Carolina  State  University,  Department  of 
Materials  Science  and  Engineering,  Raleigh, 
NC;  and  L.A.  Boatner,  Oak  Ridge  National 
Laboratory,  Ceramics  and  Interface  Section, 
Oak  Ridge,  TN. 

M7.186  LONG-LASER-PULSE  METHOD  OF  PRODUC¬ 
ING  Y-Ba-CuO  SUPERCONDUCTING  FILMS,  R.E. 
Russo,  M.  Balooch  and  D.R.  Olander,  Univer¬ 
sity  of  California  and  Lawrence  Berkeley 
Laboratory,  Berkeley,  CA. 

M7.187  IN-SITU  DEPOSITION  OF  HIGH  TEMPERA¬ 
TURE  SUPERCONDUCTORS  ON  LaA103  SUBSTRATES, 
P.  Tiwari,  A.K.  Singh,  C.B.  Lee  and  J. 
Narayan,  North  Carolina  State  University, 
Department  of  Materials  Science  and  En¬ 
gineering,  Raleigh,  NC. 


M7.188  PULSED  LASER  DEPOSITION  OF  HIGH-TC 
SUPERCONDUCTING  THIN  FILMS,  M.  Grant  Norton. 
Lisa  A.  Tietz  and  C.  Barry  Carter,  Cornell 
University,  Department  of  Materials  Science 
and  Engineering,  Ithaca,  NY;  Stephen  E. 
Russek  and  Robert  A.  Buhrman,  Cornell  Uni¬ 
versity,  School  of  Applied  and  Engineering 
Physics,  Ithaca,  NY. 

M7.189  UNIFORMITY  CONSIDERATIONS  OF  "IN- 
SITU"  LASER-ABLATED  Y1Ba2Cu307_x  FILMS  OVER 
THREE  INCH  WAFERS,  James  A.  Greer  and  Jer- 
rold  Van  Hook,  Raytheon  Company,  Research 
Division,  Lexington,  MA. 

M7.19Q  IN-SITU  PROCESSING  OF  TEXTURED  AND 
EPITAXIAL  SUPERCONDUCTING  Ho-Ba-Cu-0  THIN 
FILMS  ON  (100)  MgO  AND  YS-Zr02  SUBSTRATES  IN 
THE  TEMPERATURE  RANGE  500-650°C,  R.K. 
Prasad,  A.K.  Singh  and  J.  Narayan,  North 
Carolina  State  University,  Department  of 
Materials  Science  and  Engineering,  Raleigh, 
NC. 

M7-191  SOFT  X-RAY  STUDIES  OF  Y-Ba-Cu-0 
THIN  FILMS  PREPARED  BY  LASER  ABLATION,  A^ 
Krol .  State  University  of  New  York  at  Buf¬ 
falo  and  Stony  Brook,  Department  of  Physics, 
Buffalo,  NY;  G.  Smith,  Brookhaven  National 
Laboratory,  Department  of  Instrumentation, 
Upton,  NY;  C.J.  Sher,  D.R.  Storch,  L.W. 
Song,  Y.H.  Kao,  S.  Witanachchi ,  Y.Z.  Zhu,  S. 
Patel  and  D.T.  Shaw,  State  University  of  New 
York  at  Buffalo  and  Stony  Brook,  Department 
of  Physics,  Buffalo,  NY. 

M7.192  IN  SITU  GROWTH  OF  EPITAXIAL  SUPER¬ 
CONDUCTING  YBa2Cu307_x  FILMS  ON  INSULATING, 
SEMICONDUCTING  AND  FERROELECTRIC  KTa03  BY 
PULSED  LASER  ABLATION,  J.W.  McCamv .  David  P. 
Norton,  Douglas  H.  Lowndes,  L.A.  Boatner,  R. 
Feenstra  and  J.D.  Budai,  Oak  Ridge  National 
Laboratory,  Solid  State  Division,  Oak  Ridge, 
TN. 

M7.193  CHARACTERIZATION  OF  GROUND  STATE 
NEUTRAL  AND  ION  TRANSPORT  DURING  LASER 
ABLATION  OF  1:2:3  SUPERCONDUCTORS  BY  TRAN¬ 
SIENT  OPTICAL  ABSORPTION  SPECTROSCOPY,  D.B. 
Geoheaan ,  D.N.  Mashburn,  Oak  Ridge  National 
Laboratory,  Solid  State  Division,  Oak  Ridge, 
TN. 

M7.194  LASER  INTERFEROMETRIC  MEASUREMENT 
OF  SUBSTRATE  TEMPERATURE  DURING  GROWTH  OF 
HIGH  Tc  SUPERCONDUCTOR  FILMS,  K.L.  Saenaer . 
J.  Gupta,  J.P.  Doyle,  R.A.  Roy  and  J.J. 
Cuomo,  IBM  T.J.  Watson  Research  Center, 
Yorktown  Heights,  NY. 

M7.195  HIGHLY  ORIENTED  SUPERCONDUCTING  Bi- 
Sr-Ca-Cu  OXIDE  THIN  FILMS  BY  THE  SOLUTION 
SOL-GEL  PROCESS,  P.  Ravindranathan .  S. 
Komarneni,  A.S.  Bhalla  and  R.  Roy,  The 
Pennsylvania  State  University,  Materials 
Research  Laboratory,  University  Park,  PA. 
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M7.196  THE  USE  OF  BaF2  BUFFER  LAYERS  FOR 
THE  SPUTTER-DEPOSITION  OF  TlCaBaCuO  THIN- 
FILM  SUPERCONDUCTORS,  K.M.  Hubbard.  P.N. 
Arendt ,  Los  Alamos  National  Laboratory, 
Materials  Science  and  Technology  Division, 
Los  Alamos,  NM;  E.J.  Peterson,  Los  Alamos 
National  Laboratory,  Exploratory  Research 
and  Development  Center,  Los  Alamos,  NM;  G.A. 
Reeves,  N.L.  Elliott,  Los  Alamos  National 
Laboratory  Materials  Science  and  Technology 
Division,  Los  Alamos,  NM;  D.W.  Cooke,  Los 
Alamos  National  Laboratory,  Meson-Physics 
Facility,  Los  Alamos,  NM;  D.R.  Brown,  Los 
Alamos  National  Laboratory,  Mechanical  and 
Electrical  Engineering  Division,  Los  Alamos, 
NM;  and  M.  Nastasi,  Los  Alamos  National 
Laboratory,  Materials  Science  and  Technology 
Division,  Los  Alamos,  NM. 

M7.197  AS-GROWN  SUPERCONDUCTIVITY  OF  Bi- 
SYSTEM  THIN  FILMS  PREPARED  BY  MAGNETRON 
SPUTTERING  WITH  Pb  DOPED  THREE  TARGETS: 
(Bi1.6pb0.4) l+a(SrCa) 2Cu30X»  (Bi1.6pb0.4> 1“ 

(SrCa)  2+cCu3°x  AN0  (Bl1.6pb0.4) l(Sr-Ca) 2- 

Cu3+cOx  (a=0.5,  b=l,  c=1.5)  Ken'ichi  Kuroda, 
Masami  Tanioku,  Kazuyoshi  Kojima,  and  Koichi 
Hamanaka,  Mitsubishi  Electric  Corporation, 
Central  Research  Laboratory,  Hyogo,  Japan. 

M7.198  EVALUATING  THE  CHEMICAL  COM¬ 
PATIBILITY  OF  POTENTIAL  SUBSTRATE  MATERIALS 
FOR  Bi-Sr-Ca-Cu-0  FILMS,  K.E.  Williams.  M.M. 
Matthiesen,  D.A.  Rudman,  Massachusetts 
Institute  of  Technology,  Department  of 
Materials  Science  and  Engineering,  Cam¬ 
bridge,  MA. 

M7.199  IN-SITU  GROWTH  OF  SUPERCONDUCTING 
Bi-Sr-Ca-Cu-O  THIN  FILMS  BY  ACTIVATED  REAC¬ 
TIVE  CO-EVAPORATION,  K.  YoshiKawa .  T.  Satoh, 
N.  Sasaki  and  M.  Nakano,  Fujitsu  Ltd.,  Kawa¬ 
saki,  Japan. 


M7.203  THERMAL  EXPANSION  OF  YBa2Cu307, 
G.A.  Ranadass.  V.  Ramachandran  and  R. 
Srinivasan,  I.I.T.,  Department  of  Physics, 
Madras,  India. 

M7.204  THIN-FILM  DEPOSITION  AND  TRANSPORT 
IN  2223  Bi-Sr-Ca-Cu-O,  J.T.  Kucera .  D.G. 
Steel,  J.M.  Graybeal ,  Massachusetts  In¬ 
stitute  of  Technology,  Physics  Department, 
Cambridge,  MA;  T.P.  Orlando,  Massachusetts 
Institute  of  Technology,  EECS  Department, 
Cambridge,  MA;  and  D.A.  Rudman,  Mas¬ 
sachusetts  Institute  of  Technology,  Mate¬ 
rials  Science  Department,  Cambridge,  MA. 

M7.205  CRITICAL  CURRENT  DENSITY  MEASURE¬ 
MENTS  OF  LASTER  DEPOSITED  SUPERCONDUCTING 
THIN  FILMS,  C.B.  Lee,  A.K.  Singh,  R.K.  Singh 
and  J.  Narayan,  North  Carolina  State  Univer¬ 
sity,  Department  of  Materials  Science  and 
Engineering,  Raleigh,  NC. 

M7.206  THE  DETERMINATION  OF  OXYGEN  STOI¬ 
CHIOMETRY  OF  HIGH  TEMPERATURE  SUPERCONDUCT¬ 
ING  THIN  FILMS  BY  NUCLEAR  SCATTERING  OF  3 
MEV  PROTONS  ON  OXYGEN,  H.-S.  Jin  and  T.  Yan , 
Brooklyn  College  of  The  City  University  of 
New  York,  Department  of  Physics,  Brooklyn, 
NY. 

M7.207  RECRYSTALLIZATION  OF  NON  VACUUM 
DERIVED  BA2YCU307_£  FILMS,  M ■ F .  Nq .  S.C. 
Peterson,  M.J.  Cima,  Massachusetts  Institute 
of  Technology,  Ceramics  Processing  Research 
Laboratory,  Cambridge,  MA. 

M7.20B  TWO  NON-CONTACT  TECHNIQUES  FOR 
CHARACTERIZATION  OF  THIN  FILMS  OF  YBCO,  C.A. 
Weiss.  W.L.  McLean,  X.D.  Wu,  Rutgers  Univer¬ 
sity,  Physics  Department,  Piscataway,  NJ;  J. 
Barner  and  T.  Venkatesan,  Bellcore,  Red 
Bank,  NJ. 


M7.2Q0  HIGH-TC  SUPERCONDUCTING  Bi-(Pb-)Sr- 
Ca-Cu-0  FILMS  DEPOSITED  BY  PULSED  Nd: YAG 
LASER  ABLATION,  J.  Levoska,  J.  Hagberg,  P. 
Pusa,  A.  Uusimaki  and  S.  Leppdvuori,  Univer¬ 
sity  of  Oulu,  Microelectronics  Laboratory, 
Oulu,  Finland. 

M7 . 201  IN  SITU  REACTIVE  SPUTTER  DEPOSITION 
OF  SUPERCONDUCTING  Bi-Sr-Ca-CU-0  THIN  FILMS 
ON  SILICON  SUBSTRATES,  M.  Mialiuolo.  D.W. 
Greve,  T.E.  Schlesinger,  Carnegie  Mellon 
University,  Department  of  Electrical  and 
Computer  Engineering,  Pittsburgh,  PA;  J.A. 
Brewer,  R.M.  Belan,  Kurt  J.  Lesker  Company, 
Clairton,  PA. 

M7.202  IN-SITU  AND  POST  ANNEALED  SUPERCON¬ 
DUCTING  THIN  FILMS  OF  BiSrCaCuO  BY  PULSED 
LASER  DEPOSITION,  L.  DiDomenico  and  X.D.  Wu, 
Rutgers  University,  Physics  Department, 
Piscataway,  NJ;  T.  Venkatesan,  Bellcore,  Red 
Bank,  NJ. 


M7.209  STRUCTURAL  AND  SUPERCONDUCTING 
PROPERTIES  OF  YBCO  THIN  FILMS  ON  Zr(Y)02 
SUBSTRATES,  0 .  Li .  Rutgers  University, 
Physics  Department,  Piscataway,  NJ;  G. 
Linker,  J.  Geerk,  0.  Meyer,  Kernf orschungs- 
zentrum  Karlsruhe,  Institute  fuer  Nukleare 
Festkoeperphysik,  Karlsruhe,  West  Germany; 
and  X . X.  Xi ,  Rutgers  University,  Physics 
Department,  Piscataway,  NJ. 

M7.210  ANNEALING  BEHAVIOR  OF  Ba2YCu3+x07+ 
THIN  FILMS,  T.  Siearist  and  E.  Coleman,  AT 4 
Bell  Laboratories,  Murray  Hill,  NJ. 

M7.211  PROPERTIES  OF  THIN  FILMS  OF  YBa2- 
Cu307  PREPARED  BY  COEVAPORATION  OF  Y,  Cu  AND 
BaF2 ,  I . D ■  Raistrick.  D.N.  Sinha,  F.H. 
Garzon,  J.G.  Beery  and  D.K.  Wilde,  Los 
Alamos  National  Laboratory,  Los  Alamos,  NM. 
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M7.212  EFFECT  OF  BUFFER  LAYERS  ON  THE 
SUPERCONDUCTING  PROPERTIES  OF  YBCuO  FILMS  ON 
METALLIC  SUBSTRATES,  S.  Witanachchi  .  J. 
Chang,  Y.Z.  Zhu,  S.  Patel  and  D.T.  Shaw, 
State  University  of  New  York  at  Buffalo, 
Institute  on  Superconductivity,  Buffalo,  NY. 

M7-213  INTERFACES  IN  THIN  FILM  HIGH-TC 
SUPERCONDUCTORS,  Lisa  A.  Tietz .  M.  Grant 
Norton  and  C.  Barry  Carter,  Cornell  Univer¬ 
sity,  Department  of  Materials  Science  and 
Engineering,  Ithaca,  NY. 

M7.214  OXYGEN  RESONANCE  STUDY  IN  YBaCuO 
HIGH-TC  FILMS,  Hiroki  Kuwano .  Jian  Li,  Peter 
Revesz,  James  W.  Mayer,  Cornell  University, 
Materials  Science  and  Engineering,  Ithaca, 
NY;  Yasuhiro  Nagai,  Nippon  Telegraph  and 
Telephone  Corporation,  NTT  Applied  Elec¬ 
tronics  Laboratories,  Tokyo,  Japan. 

M7.215  LINE  BROADENING  ANALYSES  OF  VARI¬ 
OUSLY  PREPARED  YBaCuO  SUPERCONDUCTING  FILMS, 
M.  Ece  and  R.w.  Vook,  Syracuse  University, 
Physics  Department,  Syracuse,  NY;  John  P. 
Allen,  CVC  Products,  Inc.,  Rochester,  NY. 

M7.216  CATION  INTERDIFFUSION  AT  YBCO/MgO 
INTERFACES,  M.  Lanham .  J.  Mayer,  S.J. 
Golden,  A.G.  Evans,  University  of  Califor¬ 
nia,  Materials  Department,  Santa  Barbara, 
CA;  and  M.  Ruhle,  Max-Plane  Institute, 
Metallforschung  Department,  Stuttgart,  West 
Germany. 

M7.217  MICROSTRUCTURE  OF  Y-Ba-Cu-O  THIN 
FILMS  GROWN  ON  SINGLE  CRYSTAL  SrTi03 ,  Siu- 
Wai  Chan.  D.M.  Hwang  and  S.M.  Sampere, 
Bellcore,  Red  Bank,  NJ. 

M7.21B  XPS  ANALYSIS  OF  Y-Ba-Cu-0  AND  Zr-0 
THIN  FILMS  AND  INTERFACES  WITH  SILICON  SUB¬ 
STRATES,  D.B.  Fenner.  Xerox  Palo  Alto  Re¬ 
search  Center,  Palo  Alto,  California  and 
Santa  Clara  University,  Physics  Department, 
Santa  Clara,  CA;  A.M.  Viano,  Santa  Clara 
University,  Physics  Department,  Santa  Clara, 
California  and  Xerox  Palo  Alto  Research 
Center,  Palo  Alto,  CA;  J.B.  Boyce  and  G.A.N. 
Connell,  Xerox  Palo  Alto  Research  Center, 
Palo  Alto,  CA. 

M7.219  THE  INFLUENCE  OF  THE  SUBSTRATE 
SURFACE  ON  THE  NUCLEATION  AND  GROWTH  OF 
SUPERCONDUCTING  THIN  FILMS,  S.  Basu ,  N. 
Bordes,  M.  Cohen  and  M.  Nastasi,  Los  Alamos 
National  Laboratory,  Los  Alamos,  NM. 

M7.220  MICROSTRUCTURES  OF  Y123  FILMS  ON 
SrTi03  AND  LaGa03,  T.  Roy.  T.E.  Mitchell  and 
I.D.  Raistrick,  Los  Alamos  National  Labora¬ 
tory,  Los  Alamos,  NM. 


M7.221  INVESTIGATION  OF  POTENTIAL  DIF¬ 
FUSION  BARRIERS  BETWEEN  YBa2Cu307_x  AND 
SILICON,  A.  Lubig,  Ch .  Buchal  and  B. 
Stritzker,  Institut  fur  Schicht-und  Ionen- 
technik,  Julich,  West  Germany. 

M7.222  EPITAXIAL  AND  SUPERCONDUCTING 
PROPERTIES  OF  Y1Ba2Cu307_x  FILMS  ON  FIVE 
PEROVSKITE  SUBSTRATES,  R.  Feenstra ,  J.D. 
Budai,  S.J.  Pennycook,  M.F.  Chisholm,  M.D. 
Galloway,  D.K.  Christen,  D.P.  Norton,  J.W. 
McCamy,  D.H.  Lowndes  and  L. A.  Boatner,  Oak 
Ridge  National  Laboratory,  Oak  Ridge,  TN. 

M7.223  THE  INTERFACE  BETWEEN  SILVER  CON¬ 
TACTS  AND  HIGH  Tc  SUPERCONDUCTORS,  M.D. 
McConnell  and  W.G.  Morris,  General  Electric 
Company,  Research  and  Development,  Schenec¬ 
tady,  NY. 

M7.224  STUDY  OF  EPITAXY  OF  YBa2Cu307-x  BY 
THERMAL  REGROWTH  OF  ION  IMPLANTED  AMORPHOUS 
LAYERS,  J. A.  Martinez.  UNLP,  Department  de 
Fisica,  Argentina;  A.  Inam  and  X.D.  Wu, 
Rutgers  University,  Physics  Department, 
Piscataway,  NJ;  B.  Wilkens,  N.G.  Stoffel,  D. 
Hart,  D.M.  Hwang,  L.  Nazar  and  T. 
Venkatesan,  Bellcore,  Red  Bank,  NJ. 

M7.225  VERY  LOW  RESISTANCE  ELECTRICAL 
CONTACTS  TO  T1 -BASED  HIGH  Tc  FILMS,  J.F. 
Kwak .  R.P.  Hellmer,  T.R.  Castillo,  R.  Padil¬ 
la  and  D.S.  Ginley,  Sandia  National  Labora¬ 
tories,  Division  1152,  Albuquerque,  NM. 

M7.226  MEASUREMENTS  OF  SURFACE  RESISTANCE 
OF  HTS  THIN  FILMS  FROM  0.5  TO  40  GHz,  is. 
Steinbeck .  Hanscom  Air  Force  Base,  RADC/- 
EEAC,  Hanscom,  MA;  D.E.  Oates  and  A.C. 
Anderson,  Massachusetts  Institute  of  Tech¬ 
nology,  Lincoln  Laboratory,  Lexington,  MA. 

M7.227  ELECTRIC-FIELD  MODULATION  OF  A  Bi- 
Sr-Ca-Cu-0  FILM  WITH  A  PLASMA  POLYMERIZED 
FILM  AS  AN  INSULATOR,  Shin'ichi  Morohashi , 
Hiedo  Suzuki,  Kohtaroh  Gotoh,  Norio  Fujimaki 
and  Shinya  Hasuo ,  Fujitsu  Laboratories 
Limited,  Atsugi,  Japan. 

M7.228  RESISTANCE  TRANSITIONS  OF  ION-BEAM 
THINNED  YBa2Cu307  FILMS  -  AN  APPROACH  TO  THE 
LIMITING  THICKNESS  OF  ONE  LATTICE  CONSTANT, 
A.F.  Hebard.  R.H.  Eick,  T.  Siegrist  and  E. 
Coleman,  AT&T  Bell  Laboratories,  Murray 
Hill,  NJ. 

M7.229  TRANSPORT  MEASUREMENTS  ON  SUPERCON¬ 
DUCTING  YBa2Cu307  LINES,  STEP  EDGE  STRUC¬ 
TURES,  AND  ION  BEAM  DAMAGED  LINES,  Brian 
Moecklv.  Daniel  K.  Lathrop,  Gregory  F. 
Redinbo,  Stephen  E.  Russek,  R.A.  Buhrman, 
Cornell  University,  Department  of  Applied 
and  Engineering  Physics,  Ithaca,  NY. 


406 


H7-230  CRITICAL  CURRENT  DENSITY  OF  NARROW 
SUPERCONDUCTING  THIN  FILMS  FABRICATED  BY 
LASER  ABLATION  TECHNIQUES,  L.W.  Song.  Y.H. 
Kao,  Q.Y.  Ying,  J.P.  Zheng,  H.S.  Kwok,  Y.Z. 
Shu  and  D.T.  Shaw,  State  University  of  New 
York,  Department  of  Physics,  Buffalo,  NY. 

M7-231  MAGNETIC  EFFECT  ON  LOW-RESISTIVITY 
METAL-HIGH  TC  SUPERCONDUCTOR  CONTACTS, 
Yonhua  Tzena.  Mitch  Belser,  Auburn  Univer¬ 
sity,  Department  of  Electrical  Engineering, 
Auburn,  AL. 

M7.232  WET  CHEMICAL  ETCHING  OF  HIGH-TEM¬ 
PERATURE  SUPERCONDUCING  FILMS  IN  EDTA  SOLU¬ 
TION,  F.K.  Shokoohi .  L.M.  Schiavone,  Bell¬ 
core,  Quantum  Structure  Research  Department, 
Red  Bank,  NJ ;  C.T.  Rogers,  Bellcore,  Solid 
State  Physics  Research  Department,  Red  Bank, 
NJ;  A.  Inam,  X.D.  Wu,  Rutgers  University, 
Physics  Department,  Piscataway,  NJ;  L.  Nazar 
and  T.  Venkatesan,  Bellcore,  Red  Bank,  NJ. 

M7.233  CHARACTERIZATION  OF  HIGH-TEMPERA - 
TURE  SUPERCONDUCTING  MATERIALS  IN  Y-Ba-Cu-0 
SYSTEMS,  Hiroshi  Kezuka .  Tokyo  Engineering 
University,  Department  of  Electronics, 
Tokyo,  Japan;  and  Tomomi  Masaki,  Nippon 
Electronics  Engineering  College,  Tokyo, 
Japan . 

M7.234  YBa2Cu307_x  THIN-FILM  dc  SQUIDS 
WITH  FOCUSED  ION  BEAM  FABRICATED  WEAK-LINKS , 
B.  Dutta,  Middlebury  College,  Physics  De¬ 
partment,  Middlebury ,  VT;  C.T.  Rogers,  A. 
Scherer  and  T.  Venkatesan,  Bellcore,  Red 
Bank,  NJ;  X.D.  Wu,  Rutgers  University, 
Physics  Department,  Piscataway,  NJ. 

M7-235  FABRICATION  AND  PROPERTIES  OF 
HETERO-EPITAXIAL  MULTILAYER  STRUCTURES  OF 
METAL-OXIDE  SUPERCONDUCTORS,  H.  Dorsett.  A. 
Inam  and  X.D.  Wu,  Rutgers  University,  Phy¬ 
sics  Department,  Piscataway,  NJ;  C.T.  Rogers 
and  T.  Venkatesan,  Bellcore,  Red  Bank,  NJ. 

M7-236  IONIZING  RADIATION  EFFECTS  ON  THIN 
FILM  TEMPERATURE  SUPERCONDUCTORS,  Steven  D. 
Mittleman,  Barry  A.  Kirby.  Alvin  J.  Drehman, 
Bruce  L.  MacDonald,  Robert  J.  Andrews, 
Michael  N.  Alexander,  Rome  Air  Development 
Center,  Solid  State  Sciences  Directorate, 
Hanscom  AFB,  MA. 

M7.237  FABRICATION  OF  HIGH  Tc  SUPERCON¬ 
DUCTING  COMPOSITE  STRUCTURES,  D.T.  Shaw.  S. 
Patel,  J.  Chang,  S.  Witanachchi,  Y.Z.  Zhu, 
L.  Song  and  Y.H.  Kao,  State  University  of 
New  York  at  Buffalo,  Institute  on  Supercon¬ 
ductivity,  Buffalo,  NY. 


M7.238  INFLUENCE  OF  METALLIC  SILVER  IN¬ 
FILTRATION  ON  THE  MICROSTRUCTURE  AND  TRANS¬ 
PORT  PROPERTIES  OF  YBaCuO,  L.  Rvelandt.  M. 
Cassart,  A.  Vandenbosch,  F.  Delannay  and 
J-P.  Issi,  Universite  Catholique  de  Louvain, 
Unite  de  Physico-Chimie  et  de  Physique  des 
Mat6riaux,  Louvain-la-Neuve,  Belgium. 

M7.239  HIGH  Tc  SUPERCONDUCTOR  FIBERS  FROM 
METALLO-ORGANIC  PRECURSORS,  K.C.  Chen  and 
K.S.  Mazdiyasni,  General  Atomics,  Department 
of  Defense  Materials,  San  Diego,  CA. 

M7.240  FORMATION  OF  SPUTTERED  Y-BA-CU-0 
SUPERCONDUCTING  THIN  FILM  ON  METAL  SUB¬ 
STRATE,  H.  Hayakawa,  Y.  Iijima,  N.  Sadakata 
and  0.  Kohno,  Fujikura  Ltd.,  Tokyo  Labora¬ 
tory,  Tokyo,  Japan. 

M7.241  A  MULTIFILAMENT  SUPERCONDUCTING 
WIRE  OF  Y-Ba-Cu-o,  L.R.  Motowidlo.  G.M. 
Ozeryansky,  IGC,  Advanced  Superconductors, 
Inc.,  Waterbury,  CT;  R.D.  Blaugher,  D.W. 
Hazelton,  J.A.  Rice,  Intermagnetics  General 
Corporation,  Guilderland,  NY. 

M7.242  11  OK  SUPERCONDUCTING  FIBERS  OF 
[Bi,Pb(Sb)]j  Sr2Ca2Cu3O10+x,  Zhang  Jincang, 
Henan  Normal  University,  Physics  Department, 
Xinxiang,  China;  He  Aisheng,  North  Univer¬ 
sity  of  Technology,  Physics  Department, 
Beijing,  China;  Hu  Yujing,  Xiang  Jiong  and 
He  Yusheno.  Tsinghua  University,  Beijing, 
China. 

H7.243  COILS  OF  YBCO  TEXTURED  BY  PARTIAL 
MELTING,  Ninoxia  Tan.  Antony  J.  Bourdillon, 
State  University  of  New  York  at  Stony  Brook, 
Department  of  Materials  Science  and 
Engineering,  Stony  Brook,  NY;  and  N. 
Sawides,  CSIRO,  Division  of  Applied  Phys¬ 
ics,  Sydney,  Australia. 

M7.244  THERMAL  ANNEALING  STUDY  OF  HIGH-Tc 
YBaCuO  AND  BiSrCaCuO  SUPERCONDUCTING  WIRES, 
Y.D.  Yao.  Academia  Sinica,  Institute  of 
Physics,  Taipei,  Taiwan,  China;  J.W.  Chen, 
National  Taiwan  University,  Department  of 
Physics,  Taipei,  Taiwan,  China;  Y.Y.  Chen, 
W.S.  Pern,  Academia  Sinica,  Institute  of 
Physics,  Taipei,  Taiwan,  China;  I.N.  Lin, 
P.C.  Yao,  S.J.  Yang  and  S.E.  Hsu,  Chung  Shan 
Institute  of  Science  and  Technology,  Mate¬ 
rials  Research  and  Development  Center,  Lung- 
Tan,  Taiwan,  China. 

M7.245  STUDIES  ON  MICROSTRUCTURE  -  PROPER¬ 
TY  RELATIONSHIP  OF  YBa2Cu307_x  +  Ag  COM¬ 
POSITE  WIRE,  S.  Samaidar  and  S.K.  Samanta, 
The  University  of  Michigan,  Plasticity 
Laboratory,  Department  of  Mechanical  En¬ 
gineering  and  Applied  Mechanics,  Ann  Arbor, 
MI. 
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M7.246  MICROWAVE  PROPERTIES  OF  HIGH  QUAL¬ 
ITY  Y-Ba-Cu  OXIDE  THIN  FILMS  FROM  1-100  GHz, 
A.  Inam  and  X.D.  Wu,  Rutgers  University, 
Physics  Department,  Piscataway,  NJ;  L.  Nazar 
and  T.  Venkatesan,  Bellcore,  Red  Bank,  NJ. 

M7.247  MICROSTRUCTURE  AND  FLUX  PINNING 
CHARACTERISTICS  OF  HIGH-Tc  SUPERCONDUCTING 
TAPE  PREPARED  BY  THE  DIRECTIONAL  MELT-GROWTH 
TECHNIQUE,  M.  Okada .  R.  Nishiwaki,  T.  Mat- 
sumoto,  T.  Kamo,  K.  Aihara  and  S.  Matsuda, 
Hitachi  Ltd. ,  Hitachi  Research  Laboratory, 
Ibaraki,  Japan;  and  M.  Seido,  Hitachi  Cable 
Ltd.,  Metal  Research  Laboratory,  Ibaraki, 
Japan. 

M7.248  REPRODUCIBLE,  LARGE-SCALE  PRODUC¬ 
TION  OF  THALLIUM-BASED  HIGH  TEMPERATURE 
SUPERCONDUCTORS,  R.L.  Gay.  D.  Stelman,  J.C. 
Newcomb,  J.M.  Pechenik  and  L.F.  Grantham, 
Rockwell  International,  Rocketdyne  Division, 
Canoga  Park,  CA. 

M7.249  FABRICATION  OF  Bi 2Sr 2Ca nCun+1Ox 
THIN  FILMS  BY  LASER  ABLATION,  J .  Chang .  S. 
Witanachchi,  S.  Patel  and  D.T.  Shaw,  State 
University  of  New  York  at  Buffalo,  Institute 
on  Superconductivity,  Buffalo,  NY. 

H7 . 250  FORMATION  OF  2223  PHASE  IN  Bi(Pb)- 
Sr-Ca-Cu-0  SYSTEM  DURING  ANNEALING  PROCESS, 
Chen  Liquan,  Huang  Zuwei ,  Huang  Yuzhen,  Bi 
Jianqing,  Ni  Rongming  and  Zhao  Zhong-xian, 
Academia  Sincia,  Institute  of  Physics, 
Bijing,  China. 

M7.251  ROUTES  TO  HIGH  Tc  SUPERCONDUCTING 
Tl-Ba-Ca-Cu-O  FILMS  USING  ORGANOMETALLIC 
CHEMICAL  VAPOR  DEPOSITION,  Darrin  S. 
Richeson,  Lauren  M.  Tonge,  Northwestern 
University,  Department  of  Chemistry, 
Evanston,  IL;  Jing  Zhao,  Jiming  Zhang, 
Northwestern  University,  Department  of 
Materials  Science  and  Engineering,  Evanston, 
IL;  Henry  0.  Marcy,  Northwestern  University, 
Department  of  Electrical  Engineering  and 
Computer  Science,  Evanston,  IL;  Tobin  J. 
Marks,  Northwestern  University,  Department 
of  Chemistry,  Evanston,  IL;  Bruce  W. 
Wessels,  Northwestern  University,  Materials 
Science  and  Engineering  Department, 
Evanston,  IL;  and  Carl  R.  Kannewurf . 
Northwestern  University,  Science  and  Tech¬ 
nology  Center  for  Superconductivity  and  the 
Materials  Research  Center,  Department  of 
Electrical  Engineering  and  Computer  Science, 
Evanston,  IL. 

M7.2S2  EFFECT  OF  PROCESSING  PARAMETERS  AND 
POSTPROCESSING  THERMAL  CYCLING  ON  THE  SUPER¬ 
CONDUCTING  PROPERTIES  OF  Ag/YBa2Cu307_x 
WIRES,  Miauel  A.  Ocampo.  Emilio  Orgaz, 
Centro  de  Investigacidn  y  Desarrollo 
COMDUMEX,  Mexico,  Mexico;  and  Tatsuo  Akachi, 
Instituto  de  Investigacidnes  en  Materiales, 
UNAM,  Mdxico,  Mexico. 


M7.253  THE  ROLE  OF  STRUCTURAL  DEFECTS  IN 
FLUX  PINNING  AND  HIGH  J  IN  THIN  FILM  Y-Ba- 
Cu-0  SUPERCONDUCTORS,  CR.  Ramesh.  D.  M. 
Hwang,  A.  Inam,  P.  England  and  T. 
Venkatesan,  Bellcore,  Red  Bank,  NJ. 

M7.254  ELECTRON  MICROSCOPY  OF  (Bi,Pb)-Sr- 
Ca-Cu-0  WIRES  WITH  VARYING  SINTER  TIME, 
Fena .  R.E.  Smallman,  I.P.  Jones,  F. 
Wellhofer,  University  of  Birmingham,  Super¬ 
conductivity  Research  Group  and  School  of 
Metallurgy  and  Materials,  Birmingham,  United 
Kingdom;  N.  McN.  Alford,  and  T.W.  Button, 
ICI  Advanced  Materials,  Cheshire,  United 
Kingdom. 

M7.255  FIELD  AND  TEMPERATURE-DEPENDENT 
SUSPENSION  STUDIES  OF  HIGH  TEMPERATURE 
SUPERCONDUCTORS ,  S.A.  Solin,  Michigan  State 
University,  East  Lansing,  MI  and  NEC 
Research  Institute,  Princeton,  NJ;  and  Y. 
Huang,  Michigan  State  University,  East 
Lansing,  MI. 

M7-256  X-RAY  DIFFRACTION  STUDY  OF  THE 
CRYSTALLIZATION  PROCESS  OF  HIGH  Tc  SUPERCON¬ 
DUCTING  Bi-GLASS  CERAMICS,  Winnie  Wong-Ng, 
Chwan  K.  Chiang,  Stephen  w.  Freiman  and 
Lawrence  P.  Cook,  National  Institute  of 
Standards  and  Technology,  Gaithersburg,  MD. 

M7.257  ON  THE  IMPROVEMENT  OF  DyBa2Cu307_5 
PROPERTIES  THROUGH  BETTER  SINTERING,  J.M. 
Seuntjens  and  D.C.  Larbalestier ,  University 
of  Wisconsin,  Applied  Superconductivity 
Center  and  Department  of  Material  Science 
and  Engineering,  Madison,  Wl. 

M7.258  SOME  OBSERVATIONS  OF  THE  EFFECTS  OF 
HIGH  PRESSURES  AND  TEMPERATURES  ON  THE 
STABILITY  OF  Y  Ba2Cu307_x,  R.K.  Williams, 
K.B.  Alexander,  J.  Brynestad,  T.J.  Henson, 
D.M.  Kroeger,  G.C.  Marsh  and  J.O. 
Scarbrough,  Oak  Ridge  National  Laboratory, 
Oak  Ridge,  TN. 

SESSION  M8; _ DISSIPATION 

Chairs:  R.  Koch  and  w.  skoepol 
Thursday  Morning,  November  30 
Salon  G  (M) 


SYMPOSIUM  M  presentations 
may  be  viewed  simultaneously 
in  the  America  Ballroom  Lobby 
Westin  Hotel . 


8:00  *M8 . 1 

CONSIDERATIONS  LIMITING  CRITICAL  CURRENTS  IN 
HIGH  TEMPERATURE  SUPERCONDUCTORS,  M. 
Tinkham.  Harvard  University,  Department  of 
Physics,  Cambridge,  MA. 
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8:30  M8.2 

FLUX  MOTION  AND  DISSIPATION  IN  CUPRATE 
SUPERCONDUCTORS,  B.  Batloaa.  T.T.M.  Palstra 
and  L.F.  Schneemeyer,  AT&T  Bell  Laborator¬ 
ies,  Murray  Hill,  NJ. 

9:00  M8.3 

HYSTERETIC  DEPENDENCE  OF  CRITICAL  CURRENT  ON 
APPLIED  MAGNETIC  FIELD  AND  MAGNETIC  IRREVER¬ 
SIBILITY  LINE  CROSSINGS  IN  POLYCRYSTALLINE 
YBa2Cu307,  Thomas  R .  Askew  and  Richard  B. 
Flippen,  E.  I.  duPont  de  Nemours  &  Co., 
Inc.,  Central  Research  and  Development 
Department,  Wilmington,  DE. 

9:15  M8.4 

DISSIPATIVE  EFFECTS  OF  VORTEX  MOVEMENTS  IN 
YBa2Cu307  MEASURED  BY  MAGNETOTHERMAL  EF¬ 
FECTS,  Izio  Rosenman  and  Charles  Simon, 
Universite  Paris  7,  Groupe  de  Physique  des 
Solides,  Paris,  France;  Gaston  Collin, 
University  Paris  -  Sud,  Laboratoire  de 
Physique  des  Solides,  Orsay,  France. 

9:30  »M8.5 

CRITICAL  CURRENTS  IN  THIN  FILMS  AND  SINGLE 
CRYSTALS  OF  HIGH  TEMPERATURE  SUPERCONDUC¬ 
TORS,  P .  H .  Kes .  Leiden  University,  Kamer- 
lingh  Onnes  Laboratory,  Leiden,  The  Nether¬ 
lands  . 

10:00  BREAK 
10:15  *M8.6 

ON  THE  RESISTIVE  STATE  OF  HIGH  TEMPERATURE 
SUPERCONDUCTORS  IN  MAGNETIC  FIELD,  Yasuhiro 
lye.  The  University  of  Tokyo,  The  Institute 
for  Solid  State  Physics,  Tokyo,  Japan. 

10:45  H8r? 

ELECTRICAL  TRANSPORT  DISSIPATION  EFFECTS  IN 
EPITAXIAL  Y1Ba2Cu307_x  THIN  FILMS,  D.K. 
Christen .  C.E.  Klabunde,  Oak  Ridge  National 
Laboratory,  Oak  Ridge,  TN;  J.R.  Thompson, 
Oak  Ridge  National  Laboratory,  Oak  Ridge,  TN 
and  University  of  Tennessee,  Knoxville,  TN; 
H.R.  Kerchner,  S.T.  Sekula,  R.  Feenstra  and 
J.D.  Budai ,  Oak  Ridge  National  Laboratory, 
Oak  Ridge,  TN. 

11:00  M8.8 

LOW  FIELD  RESISTIVE  BEHAVIOR  .OF  Bi2Sr2CaCu2- 
Og ,  R.B.  Van  Dover.  L.F.  Schneemeyer  and 
J.V.  Waszczak,  AT&T  Bell  Laboratories, 
Murray  Hill,  NJ. 

11:15  M8.9 

MAGNETIC  RELAXATION  IN  Bi 2Sr 2CaCu 20 8+x 
SINGLE  CRYSTALS,  E.  Agostinelli,  P.  Filaci, 
D.  Fiorani.  A.M.  Testa,  C.N.R.,  I.T.S.E., 
Rome,  Italy;  G.  Balestrino,  Universita'  di 
Salerno,  Dip.  di  Fisica,  Salerno,  Italy;  P. 
Paroli,  II  Universita'  di  Roma,  Dip. 
d'Ingegneria  Meccanica,  Rome,  Italy;  J. 
Tejada,  Dep.  de  Fisica  Fonamental,  Bar¬ 
celona,  Spain. 


SESSION  M9 :  THIN  FILM  CHARACTERIZATION 
AND  COMPOSITE  MATERIALS 
Chairs:  K.  N.  Tu  and  A.  Dasgupta 

Thursday  Afternoon,  November  30 
Salon  G  (M) 


SYMPOSIUM  M  presentations 
may  be  viewed  simultaneously 
in  the  America  Ballroom  Lobby 
Westin  Hotel. 


1:30  *M9 . 1 

ATOMIC  SCALE  CHARACTERIZATION  OF  DEFECTS  AND 
INTERFACES  BY  Z-CONTRAST  STEM,  S.  J. 
Pennvcook .  M.F.  Chisholm,  D.E.  Jesson,  R. 
Feenstra,  D.  Mashburn,  D.P.  Norton,  J.w. 
McCamy  and  D.H.  Lowndes,  Oak  Ridge  National 
Laboratory,  Oak  Ridge,  TN. 

2:00  M9 . 2 

CHARACTERIZATION  OF  SUPERCONDUCTING 
YBaCu ( F ) 0  THIN  FILMS  WITH  THREE  DIFFERENT 
ORIENTATIONS,  X.K.  Wang.  D.X.  Li,  D.Q.  Li, 
Y.H.  Shen,  J.Q.  Zheng,  R.P.H.  Chang  and  J.B. 
Ketterson,  Northwestern  University,  Mate¬ 
rials  Research  Center  and  Science  and  Tech¬ 
nology  Center  for  Superconductivity,  Evans¬ 
ton,  IL. 

2:15  M9-3 

DIRECT  OBSERVATION  BY  TRANSMISSION  ELECTRON 
MICROSCOPY  OF  THE  EARLY  STAGES  OF  GROWTH  OF 
SUPERCONDUCTING  THIN  FILMS,  M.  Grant  Norton. 
Lisa  A.  Tietz,  Scott  R.  Summerfelt  and  C. 
Barry  Carter,  Cornell  University,  Department 
of  Materials  Science  and  Engineering,  Itha¬ 
ca,  NY. 

2:30  M9.4 

CHARACTERIZATION  OF  CROSS-SECTIONS  OF 
TIBaCaCuO  THIN  FILMS  ON  MgO  SUBSTRATES  BY 
ANALYTICAL  AND  HIGH  RESOLUTION  ELECTRON 
MICROSCOPY,  J .  Maver .  M.  Lanham,  University 
of  California,  Materials  Department,  Santa 
Barbara,  CA;  T.W.  James,  Superconductor 
Technologies,  Inc.,  Santa  Barbara,  CA;  A.G. 
Evans,  University  of  California,  Materials 
Department,  Santa  Barbara,  CA;  M.  Riihle, 
Max-Planck-Institut  fur  Metallf  orschung , 
Stuttgart,  West  Germany. 

2:45  M9.5 

GRAIN  BOUNDARY  MODELLING  AND  CORRELATIONS 
WITH  CRITICAL  CURRENT  DEFECTS  IN  HIGH-Tc 
SUPERCONDUCTORS,  K.  Jaaannadham  and  J. 
Narayan,  North  Carolina  State  University, 
Department  of  Materials  Science  and  En¬ 
gineering,  Raleigh,  NC. 

3:00  LATE  NEWS 

3:30  BREAK 
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3:45 

THE  PREPARATION  OF  Bi 2Sr2CaCu20g  FIBERS  BY 
THE  FLOAT  ZONE  PROCESS,  Linda  Moulton, 
Joseph  Brenner,  Stanford  University,  Materi¬ 
al  Science  Department,  Stanford,  CA;  Perla 
Peszkin,  Robert  S.  Feiaelson.  Stanford 
University,  Center  for  Materials  Research, 
Stanford,  CA;  and  Dan  Gazit,  Nuclear 
Research  Center  Negev,  Beer  Sheva,  Israel. 

4:15  M9.7 

110K  Bi-Ca-Sr-Cu-0  SUPERCONDUCTING  FIBERS  BY 
GLASS-TO-CERAMIC  PROCESS,  Haixina  Zhena.  Yi 
Hu,  Yun-Seung  Choi,  Ren  Xu,  Patrick  Lin  and 
J.D.  Mackenzie,  University  of  California-Los 
Angeles,  Department  of  Materials  Science  and 
Engineering,  Los  Angeles,  CA. 

4:30  KSLJL 

DEVELOPMENT  OF  A  COMPOSITE  TAPE  CONDUCTOR  OF 
Y-Ba-Cu-O,  R.D.  Blauaher.  D.W.  Hazelton, 
J.A.  Rice,  Intermagnetics  General  Corpora¬ 
tion,  HiT  Superconducting  Materials,  Guild¬ 
er  land,  NY. 

4:45 

PREPARATION  OF  HIGH  Tc  OXIDE  SUPERCONDUCTING 
TAPE  BY  RF  MAGNETRON  SPUTTERING,  M. 
Fukutomi .  Y.  Tanaka,  T.  Asano,  H.  Maeda, 
National  Research  Institute  for  Metals, 
Tsukuba  Laboratories,  Ibaraki,  Japan;  H. 
Takahara,  Mitsui  Mining  and  Smelting  Company 
Ltd.,  Central  Research  Laboratory,  Saitama, 
Japan. 

5:00  M9.10 

PROCESSING  AND  PERFORMANCE  OF  METAL-CERAMIC 
FIBER  REINFORCED  HIGH  TEMPERATURE  SUPERCON¬ 
DUCTOR,  S.  Salib,  C.  vipulanandan .  and  T. 
Stone,  University  of  Houston,  Texas  Center 
for  Superconductivity,  Houston,  TX. 

5:15  MSL.JL1 

PREPARATION  OF  HIGH  Tc  Bi-Pb-Sr-Ca-Cu-0 
SUPERCONDUCTING  FIBER  BY  LASER  HEATED  PEDES¬ 
TAL  GROWTH  METHOD,  K .  Tomomatsu .  A.  Kume  and 
H.  Tominaga,  Fujkura  Ltd.,  Tokyo  Laboratory, 
Tokyo,  Japan. 

SESSION  KLOl _ THIN  FILMS  ;_Bi  AND 

T1  -COMPOUNDS 

Chairs:  D.  Gubser  and  C.  C.  Koch 
Friday  Morning,  December  1 
Salon  G  (M) 


SYMPOSIUM  M  presentations 
may  be  viewed  simultaneously 
in  the  America  Ballroom  Lobby 
Westin  Hotel. 


e:00  IMICjuI 

THIN  FILM  PROCESSING  FOR  HIGH-Tc  SUPERCON¬ 
DUCTORS  OF  Bi-SYSTEM,  Kivotaka  Wasa.  Mat¬ 
sushita  Electric  Co.,  Ltd.,  Central  Research 
Laboratories,  Osaka,  Japan. 


8:30 

PROCESSING  AND  PROPERTIES  OF  Bi-Sr-Ca-Cu- 
Oxide  SUPERCONDUCTING  THIN  FILMS,  D.  A. 
Rudraan .  Massachusetts  Institute  of  Tech¬ 
nology,  Department  of  Materials  Science  and 
Engineering,  Cambridge,  MA;  J.T.  Kucera, 
Massachusetts  Institute  of  Technology, 
Department  of  Physics,  Cambridge,  MA;  M.M. 
Matthiesen,  Massachusetts  Institute  of 
Technology,  Department  of  Materials  Science 
and  Engineering,  Cambridge,  MA;  D.G.  Steel, 
Massachusetts  Institute  of  Technology, 
Department  of  Physics,  Cambridge,  MA;  L.M. 
Rubin,  Massachusetts  Institute  of  Tech¬ 
nology,  Department  of  Materials  Science  and 
Engineering,  Cambridge,  MA;  D.W.  Face, 
Massachusetts  Institute  of  Technology, 
Center  for  Material  Science  and  Engineering, 
Cambridge,  MA;  J.M.  Graybeal,  Massachusetts 
Institute  of  Technology,  Department  of 
Physics,  Cambridge,  MA;  T.P.  Orlando, 
Massachusetts  Institute  of  Technology, 
Department  of  Electrical  Engineering  and 
Computer  Science,  Cambridge,  MA. 

9:00  Him. 

HIGH-TC  UNDOPED  AND  PB-DOPED  BI-SR-CA-CU-0 
THIN  FILMS  PREPARED  BY  ORGANOMETALLIC  CHEMI¬ 
CAL  VAPOR  DEPOSITION,  J.M.  Zhang,  H.O. 
Marcy,  L.M.  Tonge,  B.W.  Wessels.  T.J.  Marks 
and  C.R.  Kannewurf,  Northwestern  University, 
Center  for  High  Temperature  Superconduc¬ 
tivity  and  Materials  Research  Center,  Mate¬ 
rials  Science  and  Engineering,  Evanston,  IL. 

9:15  M10.4 

PREPARATION  OF  Bi-Sr-Ca-Cu-0  SUPERCONDUCTING 
THIN  FILMS  BY  MOCVD,  Shinii  Gohda  and 
Yasuhiro  Maeda,  Hoxan  Corporation,  Hoxan 
Research  Laboratories,  Sapporo,  Japan. 

9:30 

THE  SYNTHESIS  OF  THE  HIGH-TC  PHASE  OF  Bi-Pb- 
Ca-Sr-Cu-0  THIN  FILM  BY  SINGLE  TARGET  MAG¬ 
NETRON  SPUTTERING,  R.L.  Mena.  Li  Gao,  P.H. 
Hor,  Y.Y.  Sun,  Y.Q.  Wang  and  C.w.  Chu, 
University  of  Houston,  Texas  Center  for 
Superconductivity,  Houston,  TX. 

9:45  niQ^A 

MOLECULAR  BEAM  EPITAXY  OF  LAYERED  Bi-Sr-Ca- 
Cu-0  COMPOUNDS,  D.G.  Schlom.  Stanford  Uni¬ 
versity,  Department  of  Electrical  Engineer¬ 
ing,  Stanford,  CA;  J.T.  Sizemore,  Stanford 
University,  Department  of  Materials  Science, 
Stanford,  CA;  A. F.  Marshall,  Stanford  Uni¬ 
versity,  Center  for  Materials  Research, 
Stanford,  CA;  Z.J.  Chen,  J.S.  Harris  Jr., 
Stanford  University,  Department  of  Electri¬ 
cal  Engineering,  Stanford,  CA;  J.c.  Bravman, 
Stanford  University,  Department  of  Materials 
Science,  Stanford,  CA;  M.R.  Beasley,  T.H. 
Geballe,  Stanford  University,  Department  of 
Applied  Physics,  Stanford,  CA;  J.N. 
Eckstein,  I.  Bozovic,  K.E.  von  Dessonneck, 
Varian  Research  Center,  Palo  Alto,  CA. 
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10:00  BREAK 
10:15  *M10 . 7 

APPLICATIONS  OF  RAPID  THERMAL  PROCESSING 
(RTP)  TO  HIGH  TEMPERATURE  SUPERCONDUCTORS, 
D.S.  Ginlev.  J.F.  Kwak,  E.L.  Venturini,  R.J. 
Baughman  and  B.  Morosin,  Sandia  National 
Laboratories,  Organization  1144,  Albuquer- 
que,  NM;  J.W.  Halloran  and  M.J.  Neal,  CPS 
Superconductor,  Inc.,  Milford,  MA. 

10:45  M3LQ.,.8 

A  NEW  HYBRID  PVD/OMCVD  ROUTE  TO  HIGH-TC 
SUPERCONDUCTING  THIN  FILMS  OF  Tl-Ba-Ca-Cu-O, 
D.S.  Richeson,  L.M.  Tonge,  Northwestern 
University,  Department  of  Chemistry,  Evans¬ 
ton,  IL;  X.K.  Wang,  Northwestern  University, 
Materials  Science  and  Engineering  Depart¬ 
ment,  Evanston,  IL;  H.O.  Marcy,  Northwestern 
University,  Electrical  Engineering  and  Com¬ 
puter  Science  Department,  Evanston,  IL;  T. J. 
Marks .  Northwestern  University,  Chemistry 
Department,  Evanston,  IL;  R.P.H.  Chang, 
Northwestern  University,  Materials  Science 
and  Engineering  Department,  Evanston,  IL; 
J.B.  Ketterson,  Northwestern  University, 
Department  of  Physics  and  Astronomy;  and 
C.R.  Kannewurf,  Northwestern  University, 
Science  and  Technology  Center  for  Supercon¬ 
ductivity  and  the  Materials  Research  Center, 
Chemistry  Department,  Evanston,  IL. 

11:00  M10.9 

THE  EFFECT  OF  ANNEALING  CONDITIONS  ON  MAG¬ 
NETRON  SPUTTERED  SUPERCONDUCTING  TL-BASED 
THIN  FILMS,  S.H.  Liou.  University  of  Nebras- 
ka-Lincoln,  Department  of  Physics,  Lincoln, 
NE. 

11:15  M10.10 

ATOMIC  RESOLUTION  ELECTRON  MICROSCOPY  OF  Bi- 
CUPRATES,  R.  Ramesh .  B.G.  Bagley  and  J.M. 
Tarascon,  Bellcore,  Red  Bank,  NJ;  C.J.D. 
Hetherington,  B.  Simion  and  G.  Thomas, 
National  Center  for  Electron  Microscopy, 
Materials  and  Chemical  Sciences  Division, 
Berkeley,  CA. 

11:30  MlPqi 

STUDY  ON  THE  ELEMENTARY  STEPS  OF  THE  EPITAX¬ 
IAL  GROWTH  OF  Bi-Sr-Ca-Cu-0  ON  THE  SURFACE 
OF  Si  AND  MgO  BY  MEANS  OF  RHEED  AND  PHOTO¬ 
ELECTRON  SPECTROSCOPIES,  Takashi  Hanada, 
Maki  Kawai ,  Tokyo  Institute  of  Technology, 
RLEM,  Yokohama,  Japan;  Tsutomu  Goda ,  and 
Shousuke  Teratani,  Tokyo  Gakugei  University, 
Tokyo,  Japan. 

11:45  M1P.12 

TEM  STUDY  OF  CVD-GROWN  Bi-Sr-Ca-Cu-0  THIN 
FILMS  ON  (001)  MgO  SUBSTRATES,  0.  Ueda  .  T. 
Kimura,  H.  Yamawaki,  M.  Ihara  and  M.  Ozeki, 
Fujitsu  Laboratories  Ltd.,  Atsugi,  Japan. 


SESSION  Mil:  THIN  FILMS:  PROPERTIES 
AND  DEVICES 

Chairs:  D.  M.  Kroeger  and  M.  Suenaga 

Friday  Afternoon,  December  1 
Salon  G  (M) 


SYMPOSIUM  M  presentations 
may  be  viewed  simultaneously 
in  the  America  Ballroom  Lobby 
Westin  Hotel. 


1:00  *M11 . 1 

PROXIMITY-EFFECT  AND  TUNNELING  IN  YBa2Cu307/ 
METAL  LAYERED  STRUCTURES,  L.H.  Greene.  W.L. 
Feldmann,  J.B.  Barner ,  L.A.  Farrow,  P.F. 
Miceli,  R.  Ramesh,  B.J.  Wilkens,  B.G. 
Bagley,  Bellcore,  Red  Bank,  NJ;  M.  Giroud, 
CRTBT-CNRS ,  Grenoble,  France;  and  J.M. 
Rowell,  Conductus,  Sunnyvale,  CA. 

1:30  Mil. 2 

MAGNETIC  FLUX  PINNING  IN  YBa2Cu3Ox  FILMS, 
H.R.  Kerchner.  R.  Feenstra,  Oak  Ridge  Na¬ 
tional  Laboratory,  Solid  State  Division,  Oak 
Ridge,  TN;  J.O.  Thomson,  J.R.  Thompson,  Oak 
Ridge  National  Laboratory,  solid  State 
Division,  Oak  Ridge,  TN  and  University  of 
Tennessee,  Knoxville,  TN;  D.K.  Christen, 
S.T.  Sekula  and  L.A.  Boatner,  Oak  Ridge 
National  Laboratory,  Solid  State  Division, 
Oak  Ridge,  TN. 

1:45  Mil,  3. 

CRITICAL  CURRENT  DENSITY  AND  MICROSTRUCTURE 
OF  YBa2Cu307_x  THIN  FILMS  AS  A  FUNCTION  OF 
FILM  THICKNESS,  A.  Mooro-Campero .  L.G . 
Turner,  E.L.  Hall  and  N.  Lewis,  GE  Research 
and  Development  Center,  Schenectady,  NY. 

2:00  Mil. 4 

MICROSTRUCTURE  AND  PROPERTIES  OF  MIXED 
YBa2Cu307_x  AND  Y2Ba4Cu8016  THIN  FILMS,  A. F. 
Marshall .  A.  Kapitulnik,  Stanford  Univer¬ 
sity,  Stanford,  CA;  K.  Char,  R.W.  Barton, 
Conductus,  Inc.,  Sunnyvale,  CA;  and  S.S. 
Laderman,  Hewlett-Packard  Company,  Palo 
Alto,  CA. 

2:15  M1J, -5 

A  STUDY  OF  GRAIN  BOUNDARIES  IN  HIGH  Tc 
SUPERCONDUCTING  YBa2Cu307_x  THIN  FILMS  USING 
HIGH  RESOLUTION  ANALYTICAL  STEM,  D.H.  Shin. 
J.  Silcox,  S.  Russek,  D.  Lathrop  and  R. A. 
Buhrman,  Cornell  University,  Department  of 
Applied  Physics,  Ithaca,  NY. 

2:30  *M11 . 6 

EXPITAXIAL  GROWTH  OF  HIGH  Tc  THIN  FILMS  AND 
SUPERLATTICES  PROGRESS  TOWARDS  THE  ARTIFI¬ 
CIAL  CONSTRUCTION  OF  HIGH  Tc  SUPERCON¬ 
DUCTORS,  Jean-Marc  Triscone.  Michael  G. 
Karkut,  Olivier  Brunner,  Louis  Antognazza 
and  Pystein  Fischer,  University  de  Geneve, 
DPMC,  Gen6ve,  Switzerland. 
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3:00 


BREAK 


3:15  *M11 . 7 

FABRICATION  AND  EVALUATION  OF  DEVICE  STRUC¬ 
TURES  ON  THIN  FILMS  OF  YBCO,  P.  Mankiewich. 
Boston  University,  Boston,  MA. 

3:45  Mil. 8 

TUNNELLING  MEASUREMENTS  ON  THIN  FILMS  OF 
YBa2CU307_5,  A.M.  Cucolo.  J.M.  Valles,  J.M. 
Phillips,  M.  Gurvitch,  R.C.  Dynes  and  J.P. 
Garno,  AT&T  Bell  Laboratories,  Murray  Hill, 
NJ. 

4:00  Mil. 9 

USE  OF  Si-YBaCuO  INTERMIXED  SYSTEM  FOR 
PATTERNING  OF  SUPERCONDUCTING  THIN  FILMS, 
O . Y .  Ma .  E.S.  Yang,  G.V.  Treyz,  C.  Shu  and 
R.M.  Osgood  Jr.,  Columbia  University,  Micro¬ 
electronics  Sciences  Laboratories  and  Center 
for  Telecommunication  Research,  New  York, 
NY;  Chin-An  Chang,  IBM  T.J.  Watson  Research 
Center,  Yorktown  Heights,  NY. 

4:15  Mil. 10 

HIGH  SPEED  INFRARED  DETECTORS  USING  Y-Ba-Cu- 
O  THIN  FILMS,  J.P.  Zheng.  Q.Y.  Ying  and  H.S. 
Kwok,  State  University  of  New  York  at  Buf¬ 
falo,  Institute  on  Superconductivity,  Buf¬ 
falo,  NY. 

4:30  Mil. 11 

JOSEPHSON  WEAK-LINKS  FABRICATED  FROM  HETERO- 
EPITAXIAL  YBa2  Cu3  07  _x/PrBa2  Cu3  07  _x / YBa2  — 
Cu307_x-  MULTILAYERS,  C.T.  Rogers  and  T. 
Venkatesan,  Bellcore,  Red  Bank,  NJ;  A.  inam, 
Rutgers  University,  Physics  Department, 
Piscataway,  NJ. 

4:45  Mil. 12 

HIGH  Tc  SUPERCONDUCTOR  MULTILEVEL  STRUCTURES 
FORMED  WITH  Ta203  SPACER  LAYERS,  Rabi  S . 
Bhattacharya .  Universal  Energy  Systems, 
Inc.,  Dayton,  OH;  Peter  B.  Kosel,  University 
of  Cincinnati,  Department  of  Electrical 
Engineering,  Cincinnati,  OH;  and  T.  Peter¬ 
son,  Wright  Patterson  Air  Force  Base,  WRDC/ 
MLPO ,  Dayton ,  OH . 
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Ml .  1 

MYTH  AND  REALITY  IN  HIGH  Tc.  Philip  W.  Anderson,  Dept,  of 
Physics,  Princeton  University,  Princeton,  N.J.  08544 
I  will  discuss  constraints  on  theoretical  models  mandated  by  the  ex¬ 
perimental  facts  on  high  Tc.  The  resistivity  anisotropy  and  the  magni¬ 
tude  of  the  Drude  conductivity  reject  the  hypothesis  that  the  normal 
state  is  a  Fermi  liquid;  the  heuristics  of  transition  temperatures  re¬ 
quire  a  3-dimension «1,  interlayer  mechanism  for  Tc\  and  many  different 
types  of  data — photoemission,  NMR,  the  high  Tc  itself — suggest  that 
some  very  low  energy,  unconventional  excitations  are  present.  Some 
new  theoretical  speculations  will  also  be  discussed. 

Ml.  2 

SOME  THEORIES  OF  HIGH  TEMPERATURE  SUPERCONDUCTIVITY.  Marvit 
L.  Cohen,  Department  of  Physics,  University  of  California 
and  Materials  and  Chemical  Sciences  Division,  Lawrence 
Berkeley  Laboratory,  Berkeley,  CA. 

A  brief  review  of  some  historical  aspects  of  theoretical  re¬ 
search  on  superconductivity  and  of  some  features  of  8CS 
theory  will  be  given  followed  by  a  discussion  of  pairing 
mechanisms. 

For  phonon  induced  pairing,  there  are  limitations  on  the 
transition  temperature  Tc  arising  from  possible  lattice  in¬ 
stabilities.  For  specific  materials  measured  properties 
such  as  the  isotope  effect  put  limits  on  Tc  and  on  the  pos¬ 
sible  role  of  phonons  as  a  pairing  Boson.  Some  of  these 
conditions  change  when  anharmonicity,  defects,  or  lower  di¬ 
mensionality  are  considered. 

A  proposal  will  be  presented  for  observing  Tc  >  200  K  in  me¬ 
tallic  hydrogen  based  on  a  phonon  pairing  mechanism. 

A  discussion  of  electronic  pairing  mechanisms  such  as  plas- 
mons,  excitons  and  demons  and-magnetic  or  spin  induced  pair¬ 
ing  will  be  given.  The  role  of  weak  or  strong  coupling  and 
other  properties  will  be  discussed  in  an  effort  to  suggest 
possible  experimental  probes  to  find  the  dominant  pairing 
mechanism. 

Some  general  comments  will  be  made  about  the  oxide  systems 
and  the  use  of  theory  to  calculate  Tc's  for  those  materials. 

Work  supported  by  NSF  Grant  DMR88- 18404  and  DOE  Contract  No. 
DE-AC03-76SF00098. 

Ml.  3 

RENORMALIZATION  FROM  DENSITY  FUNCTIONAL 
THEORY  TO  STRONG  COUPLING  MODELS  FOR  THE 
ELECTRONIC  STRUCTURE  OF  La.CuO*.  Mark  S.  llyUn-.  i, 

:>ini  Michael  SiTiluli-r,  AT.LT  Ri  ll  Laboratories,  Murray  Hill.  N  l. 

U707I;  E.IL  SteclitT  and  D.R.  Jennisort,  Sartdia  National 
Laboratories,  Albuquerque,  NM,  s7lva. 

Marling  front  a  realistic  quant  uni-chemical  description  of  the  Cu- 
tJ  based  superconductors,  strong  coupling  modi  Is  are  de  rived. 

1  J.e  Local  Density  T u actional  approach,  which  has  been  shown  i., 
accurately  describe  tbe  cohesive  properties  of  these  materials  ,  .g. 
Lti^C'uO,.  is  the  starting  point .  These  results  are  mapped  onto  a 
i-.nltiband  Hubbard  model  providing  a  Complete  set  of  numerical 
|  arameters  which  represent  the  specific  features  of  the  C'u-O 
planes.  The  properties  of  the  model  are  in  good  agreement  with 
experiments  probing  high  (1-10  e\  )  energies.  A  second  *tep  of 
mapping  is  carried  out  with  exact  diagotiali/atiou  si udb—  of  finite 
clii-ti  rs  within  the-  Hubbard  model  in  order  to  study  e  ffective  one- 
ban. I  models  which  ele-scribe  the  low  energy  (<  1  eV)  properties. 

Tht  insulating  pha.se  is  well  described  by  a  Heisenberg  tmi.lel  an  I 
the  value  derived  for  the  exchange  coupling  is  in  excellent 
agreement  with  experiment.  The  spectra  for  a, Ideal  carriers  arc 
well  des.  ribed  by  effective  one  band  models.  Specific  values  for 
the  parameters  are  obtained  which  have  iinplieal ions  f.  >r  pos-il.i. 
de-oriptions  of  the  superconducting  state. 

Ml. 4  ABSTRACT  NOT  AVAILABLE 


Ml.  5 

ELECTRONIC  STRUCTURE  OF  La2_xSrxNiiO«  SUPERCON¬ 
DUCTING  MATERIALS.  Yuejin  Guo  and  William  A.  Goddard  III, 
Arthur  Amos  Noyes  Laboratory  of  Chemical  Physics,  California  In¬ 
stitute  of  Technology,  Pasadena,  California  91125. 

We  have  examined  Laj_xSrxNii  0<  systems  to  determine  whether 
they  might  be  high  temperature  superconductors.  Using  ab  ini¬ 
tio  electronic  methods  (generalized  valence  bond  and  configura¬ 
tion  interaction)  for  various  clusters  representing  the  LajNij  0,  and 
Lai.sSr0.jNii  0<  nickel  oxide  superconducting  materials,  we  find  that 

(1)  in  the  parent  compound,  LajNi)0«,  the  0(2p)  levels  are  filled, 
leading  to  two  unpaired  spins  on  each  Ni  [Nin  (da)  oxidation 
state].  The  Ni  spins  are  coupled  antiferromagnetically  to  the 
spins  of  adjacent  Nin  sites. 

(2)  oxidation  beyond  the  nickelous  (Nin)  state  leads  not  to  NiIU  dT 
but  rather  to  oxidized  oxygen  atoms  (denoted  O'*')  with  a  highly 
mobile  02pir  hole  bridging  two  Nin  sites,  Nin  —  0+  -  Niu. 

(3)  the  02p7r  hole  at  these  oxidized  sites  (Nin  —  0+  —  Nin)  is  fer- 
romagnetically  coupled  to  the  adjacent  Nin  d  electrons  despite 
the  fact  that  this  is  opposed  by  the  direct  dd  exchange.  This 
coupling  induces  an  attractive  interaction  between  conduction 
electrons  that  is  responsible  for  the  superconductivity. 

Therefore,  we  find  interactions  comparable  with  the  magnon  paring 
mechanism  of  superconductivity  proposed  by  us  for  the  Cu  (214)  and 
(123)  materials.  The  calculations  suggest  that  the  Ni  214  system  can 
have  a  higher  Tc  than  the  Cu  214  system. 

Ml. 6  ABSTRACT  NOT  AVAILABLE 
Ml.  7 

EVIDENCE  OF  KOSTERL1TZ-THOULESS  TRANSITION  AND 
FLUCTUATIONS  IN  HIGI I  TEMPERATURE  SUPERCONDUCT¬ 
ING  THIN  FILMS.  O.Y.  Ying  and  H.S.  Kwok,  Institute  on  Supercon¬ 
ductivity,  State  University  of  New  York  at  Buffalo,  Bonner  Hall,  Buf¬ 
falo,  NY  14260 

In  the  last  decade,  there  has  been  considerable  effort  to  investigate 
both  theoretically  and  experimentally  the  Kosterlitz-  Thouless  proper¬ 
ties  in  superconductors.  There  have  also  been  studies  of  K-T  transition 
on  granular  thin  high  Tc  superconducting  films.  In  here,  we  report 
some  experimental  evidence  of  K-T  transition  in  Y-Ba-Cu-O  thin  su¬ 
perconducting  films. 

The  films  were  deposited  by  laser  evaporation  method.  The  R-T  rela¬ 
tion  was  measured.  In  the  vicinity  of  transition  temperature  Tc  which 
was  below  the  mean-field  transition  temperature  Tco,  the  resistance 
dropped  exponentially  with  the  inverse  square  root  of  the  reduced 
temperature  when  the  sample  was  cooled  down.  A  stronger  evidence 
was  the  power  law  dependence  of  the  voltage-current  relationship.  It 
was  found  that  the  exponent  decreased  from  near  10  far  below  Tc  to  3 
at  Tc,  and  suddenly  dropped  to  1  above  Tc-  This  corresponded  to  the 
unbinding  of  vortex-antivortex  pairs  to  form  a  vortex  plasma  near  Tc. 

Broadening  of  the  transition  at  high  temperature  was  also  observed. 
The  R-T  relation  in  this  region  showed  fluctuations  of  superconducting 
carrier  nucieation. 

MI.  8 

PHONON  ANOMALY  ACROSS  Tf  IN  YCErlBaoCusO?.^. 
R.  P.  Sharma.  L.  E.  Rehn,  P.  M.  Baldo,  and  J.  Z.  Liu,  Argonne 
National  Laboratory,  Argonne,  IL  60439 
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Ion  channeling  in  single  crystals  of  Y(Er)Ba2Cu3C>7.$  provides 
a  direct  method  to  investigate  atomic  vibrations.  Angular 
channeling  scans  with  1.5  MeV  He  across  the  [001]  direction  as 
a  function  of  temperature  (300  ->  40  K)  revealed  an  abrupt 
decrease  in  Cu-0  vibrational  amplitudes  of  -30%  across  the 
superconducting  transition  temperature  (Tc  -92  K).  When  the 
oxygen  content  in  the  sample  was  reduced  to  0$,  the  specimen 
became  nonsuperconducting,  and  the  above  anomalous 
change  disappeared.  In  ErBa2Cu3C>7-6,  the  two  major  [001] 
rows  of  Cu-O  and  Er-Ba  followed  a  different  temperature 
dependence.  A  normal  Debye-type  behavior  was  found  for  the 
Er-Ba  vibrational  amplitudes  (ui),  but  a  substantially  stronger 
than  normal  temperature  dependence  was  observed  for  the  Cu- 
O  rows,  i.e.  an  -80%  decrease  in  ui  between  300  -*  100  K.  A 
channeling  measurement  with  CuKa  X-ravs  using  6.55  MeV 
He  confirmed  the  anomalous  vibrational  behavior  of  Cu-atoms 
in  the  Cu-0  rows  in  YBa2Cu3C>7.5.  Similar  angular  scans 
using  resonance  elastic  scattering  from  oxygen  provided 
additional  confirmation.  The  observed  anomaly  can  be 
explained  on  the  basis  of  strong  correlated  atomic  motion  in 
the  [001]  Cu-0  rows  in  the  superconducting  state. 

#Work  supported  by  the  U.S.  Department  of  Energy,  Basic 
Energy  Sciences-Materials  Sciences  under  Contract  #W-31- 
109-ENG-38. 

Ml.  9 

REPRODUCIBLE  TUNNELING  DATA  ON  CHEMICALLY  ETCHED 
SCS'GLE  CRYSTALS  OF  YBa2Cu3C>7  I.  M.  Valles,  Jr„  M.  Gurvitch, 
A.  M.  Cucolo,  R.  C.  Dynes,  J.  P.  Gamo.  L.  F.  Schneemeyer,  J.  V. 
Waszczak  AT&T  Bell  Laboratories,  Murray  Hill,  NJ  07974 

We  have  fabricated  tunnel  junctions  between  chemically  etched  single 
crystals  of  YBa2Cu3C>7  (YBCO)  and  evaporated  metal  counterelectrodes 
which  exhibit  reproducible  characteristics.  Above  the  bulk  critical 
temperature  YBCO,  T..  the  conductance.  GfV),  has  a  linear  dependence 
with  voltage  and  has  some  asymmetry.  Below  Tt,  additional  structure 
associated  with  the  superconductivity  appears  in  GfV).  At  T«Tc  there 
is  a  reproducible  finite  zero  bias  conductance  which  suggests  that  there 
are  states  at  the  Fermi  energy  in  superconducting  YBCO.  Junctions 
with  Pb.  Sn,  Bi,  Sb,  PbBi,  and  Au  counterclectrodes  all  show 
qualitatively  similar  behavior. 


K2.1 

CRYSTAL  CHEMISTRY  OF  OXIDE  SUPERCONDUCTORS. 
Arthur  W  Sleiaht.  Oregon  State  University,  Corvallis,  OR. 


Structure-property  relationships  for  oxide  superconductors 
and  related  materials  will  be  discussed  using  the  latest 
available  data.  In  this  regard,  important  deviations  from 
ideal  structure  and  composition  will  be  considered.  Both 
point  defects  and  extended  defects  can  strongly  influence 
properties.  The  absence  of  thermodynamic  stability  for  the 
high  Tc  superconductors  will  also  be  discussed.  Those 
superconductors  with  the  highest  Tc  seem  to  be  examples 
of  entropy  stabilized  phases  which  can  only  exist  as  defect 
ridden  materials. 


M2. 2 

SUPERCONDUCTIVITY  IN  BI SMUTH-LEAD-ANTIMONY  BASED 
prRnvSKtTES.  R.  J.  Cava,  B.  Batlogg,  J.  J.  Krajewski , 

B  F  Peck.  Jr.,  lTwTRupp,  Jr..  AT&T  Bell  Laboratories, 

600  Mountain  Avenue,  Murray  Hill,  New  Jersey,  07974. 

Superconducting  BaPb  jrBi  ?c0->  w’t*1  4  ^c 
widely  viewed  as  the'^ecCiKo?  to  the  recent  explosive 
appearance  of  copper-oxide  superconductors  with  rec  r 
high  T  's.  The  observation  of  superconductivity  near  30K 
in  Ba  .BiO,  has  led  to  a  debate  on  the  pairing 
mecha^siii4in  ?his  class  of  materials  which  is  far  from 
settled.  We  have  recently  reported  the  occurrence  of 
superconductivity  at  3.5K  in  BaPb  jrSb  ?r0,.  Compa 
of  these  three  materials  is  of  cohsldefable  interest  t 
us  and  we  will  present  our  most  recent  results. 

The  Sb-0  bond  might  generally  be  considered  to  be  more 
ionic  than  the  Bi-0  bond,  but  in  the  BalpB:Bl>°3  ()t 

Ba(Pb.Sb)0,  perovskites  the  covalency  of  the  bofids  might 
be  similar?  The  variation  of  lattice  parameters  in  the 
Ba(Pb,Sb)0,  solid  solution  obeys  the  same  principle  that 
is  observed  in  Ba(Pb,Bi )03-  In  both  cases  the  implied 
average  Bi-0  or  Sb-0  bond  length  is  what  would  be 
expected  on  accommodation  of  these  atoms  into  BaPbCL 
mixed  valence  state.  We  will  present  recent  resold  aimed 
at  clarification  of  the  bonding  -  change  d , spropot tionation 
iccnoc  in  thpip  materials. 


Ml. 10 

HIGH  QUALITY  SINGLE  CRYSTALS  OF  Y,Ba,Cu30.  WITH 
SUPERIOR  MICROWAVE  PROPERTIES'.  Efiug  Hs2  Wu,  W. 
Kennedy  and  S.Sridhar,  Physics  Department,  Northeastern 
University,  Boston,  MA  02115. 

We  have  fabricated1  high  quality  single  crystals  of  Y,BajCujOv, 
which  display  extremely  sharp  microwave  (10  GHz)  transitions.  A 
variety  of  electrodynamic  measurements  have  been  performed  on 
these  crystals  :  radio  frequency  penetration  depth  A  and  its 
temperature  and  field  dependence,  lower  critical  field  Hcj  and 
microwave  surface  resistance  R».  The  temperature  dependence 
and  anisotropy  of  these  parameters  was  measured  between  4.2K 
and  T,. 


The  best  crystals  possess  low  A,b(0)  =  1400  A  and  R,  <<  400  pfl, 
and  HtlX(0)  =  250  G.  The  temperature  dependence  of  these 
quantities'  is  also  in  good  agreement3  with  BCS  calculations.  In 
contrast,  in  poor  quality  crystals,  A  and  R,  can  be  orders  of 
magnitude  higher,  and  Hcl  much  lower  (~  5-20  G).  In  poor 
crystals  and  also  polycrystals,  the  electrodynamics  can^  be 
uxiderstood1 3  in  terms  of  Josephson  junctions  of  size  -  2-4/im3. 

*  Supported  by  NSF-ECS-88-11254 

1.  Dong  Ho  Wu,  W. Kennedy,  C.Zahopoulos  and  S.Sridhar,  Appl.. 
Pbys.  Lett.,  (to  appear,  Aug.  1989) 

2.  S.Sridhar,  Dong  Ho  Wu  and  W.Kennedy,  (to  be  published). 

3.  Dong  Ho  Wu,  C.A.  Shiftman  and  S.Sridhar,  Phys.  Rev,  B,  28  , 
9311  (1988) 


M2. 3 

PrBa2CU307  AND  CmBa2Cu3C>7:  THE  ABSENCE  OF 
SUPERCONDUCTIVITY  IN  YBa2Cu307-RELATED 
COMPOUNDS.  |  Snrierholm.  G.L.  Goodman,  U.  Welp  and  C  - 
K.  Loong.  Argonne  National  Laboratory,  Argonne,  L 
60439. 

PrBa2Cu3C>7  is  the  only  member  of  the  Y1 2307-series 
which  is  orthorhombic,  but  not  superconducting.  The 
absence  of  superconductivity  in  the  Pr-compound  has 
been  attributed  to  the  ease  with  which  Pr3-  can  be 
oxidized.  However,  magnetic  inelastic  neutron 
scattering  provides  evidence  that  this  anomalous 
behaviour  is  the  result  of  strong  interactions  between 
the  Pr  f-electrons  and  electrons  of  the  CuO  planes. 

Curium  has  chemical  properties  similar  to  Pr,  but  a 
different  f-electron  radial  distribution,  therefore  we 
suspected  that  Cm12307  should  form,  and  that  it  should 
be  superconducting.  Indeed,  we  have  successfully 
synthesized  248Cm123C>7.  but  it  does  not  superconduct. 
Xa  Discrete  Variational  cluster  calculations  reveal  that 
the  Pr  4f-wavelunctions  strongly  hybridize  with  those  of 


414 


the  CuO  planes  and  that  this  type  of  hybridization  is  even 
stronger  for  Cm 12307.  We  conclude  that  in  both  Pr12307 
and  Cm12307  it  is  magnetic  pair  breaking  that 
suppresses  superconductivity. 

This  work  is  supported  by  DOE-BES  under  contract  No.  W- 
31  -1 09-ENG-38. 

M2. 4 

THE  EFFECTS  OF  OXYGEN  AND  STRONTIUM  VACANCIES 
ON  THE  SUPERCONDUCTIVITY  OF  SINGLE  CRYSTALS  OF 
Bi2Sr2-xCu06-y-  B.  C.  Sales.  B.  C.  Chakoumakos  and  Edward 
Sonder,  Solid  State  Division,  Oak  Ridge  National  Laboratory', 
Oak  Ridge  TN  37831-6056. 

Singles  crystals  of  Bi2Sr2-xCu06-y  were  grown  from  CuO-rich 
melts.  The  Sr  content  of  the  crystals  was  varied  from  x=0.1  to 
x=0.5  by  adjusting  the  starting  composition  of  the  melt  and  the 
oxygen  content  was  reversibly  adjusted  between  y=0  and  y=0.5  by 
an  appropriate  heat  treatment  of  the  crystals  in  a 
thermogravimetric  system.  With  decreasing  Sr  content  the 
superconducting  transition  temperature,  Tc,  of  the  crystals 
decreased  rapidly  from  9  K  to  below  4.2  K,  and  the  resistivity  in 
the  a-b  plane  changed  from  metallic  (linear  in  T  from  30-300  K) 
to  semiconducting.  Reducing  the  oxygen  content  in  the  crystals 
had  a  similar  effect  on  the  resistivity.  Only  crystals  with  close  to 
the  maximum  oxygen  content  (y =0)  were  superconducting,  and 
removal  of  oxygen  from  previously  superconducting  crystals 
resulted  in  a  rapid  decrease  of  Tc,  and  the  eventual  loss  of 
superconductivity.  A  bond-valence  sum  analysis  suggests  that 
oxygen  is  removed  from  the  Bi202  layers. The  relevance  of  the 
phenomenon  of  "weak  localization"  to  the  upturn  in  the 
resistance  at  low  temperatures  of  oxygen  or  strontium  deficient 
crystals  will  also  be  discussed. 

M2. 5 

STRUCTURE  PROPERTY  RELATIONSHIPS  IN  THE  ONE- 
LAYER  BISMUTH  STRONTIUM  CUPRATE 

SL’PERCONDUCTOR.  Steven  A.  Sunshine.  Robert  Fleming,  Lynn 
Schineeineyer,  and  Theo  Siegrist,  AT&T  Bell  Laboratories,  Murray 
Hill,  N.  J.  07971 

The  one-layer  strontium  bismuth  cuprates  (the  so-called  2201 
phase)  have  been  reported  to  exhibit  a  wide  variety  of  properties 
and  structures.  This  material  is  of  particular  interest  because  it 
allows  for  the  study  of  low  temperature  normal  state  properties  in 
a  "high  Tc"  superconductor.  We  have  carefully  examined  the 
structure  property  relationships  in  this  system. 

Studies  have  been  conducted  on  both  ceramic  samples  as  well  as 
single  crystals.  Ceramic  samples  have  been  prepared  in  I,  20,  and 
100%  Oj.  Single  crystals  have  been  synthesized  by  both  II ux 
growth  (NaCI)  and  melt  techniques.  These  materials  vary  from 
insulating  to  superconducting  depending  on  both  metal  and  oxygen 
stoichiometry.  The  single  crystals  have  been  structurally 
characterized  and  changes  in  the  structure  have  been  related  to 
the  diverse  physical  properties. 

M2. 6 

CERTAIN  NOVEL  ASPECTS  OE  THALLIUM  AND  BISMUTH  CUPRATE 
SUPERCONDUCTORS.  C.N.R.  Rao,  Indian  Institute  of  Science, 
Bangalore-560012,  India. 

Properties  of  the  novel  series  of  thallium  cuprate 
superconductors  of  the  general  forroila  TlCa,  Ln  Sr? 
Cu^OyfLn  =  rare  earth)  will  be  discussed.  1S"pecialfy 
interesting  is  the  change  in  the  sign  of  the  thermopower 


shown  by  these  cuprates  with  change  in  x.  TISr  ,  Ln 
Cu  0  constitutes  a  new  series  of  thallium  cuprales 
without  either  Ca  or  Ba.  The  n=l  (1021)  and  n=2  (1122) 
members  have  been  characterized.  The  1021  member  with 
Ln  =  La  shows  a  change  in  the  sign  of  the  thermopower 
with  change  in  x.  The  1021  members  have  a  Tc  of~40K 
and  1122  members  have  a  Tc  of~80K.  B  i  2  _  ;<  Pbj-CaSrpCuTOy 
and  B'2''al-y  LnySr2Cu20y  show  change  in  the  sign  of 
thermopower  witlrchange  in  x  or  y,  the  x=y=0.0  parent 
cuprates  itself  showing  negative  thermopower  from  300K 
down  to  Tc-  Dielectric  and  other  properties  of  glassy 
and  crystalline  Bi  cuprates  will  be  examined. 

M2 .7 

INFLUENCE  OF  THE  PARTIAL  SUBSTITUTION  OF  SMALL 
RARE  EARTHS  FOR  Ca  IN  THE  SUPERCONDUCTIVE  Bi-Sr- 
Ca-Cu-O  COMPOUND.  M.J.  Casanove.  P.  Baules,  E.  Snoeck, 
C.  Roucau,  CEMES-LOE,  BP  4347,  31055  Toulouse  Cedex, 
France  ;  P.  Millet,  R.  Enjalbert,  J.  Galy,  LCC,  205  Rte  de 
Narbonne,  31077  Toulouse  Cedex,  France. 

Superconductive  2:2: 1:2  phases  of  the  type  Bi2Sr2Cai-v 
Lny  Cu208+jc,  where  Ln  stands  for  Yb  or  Er,  have  been 
synthesized  and  characterised  by  X-ray  diffraction.  The 
small  rare  earth  atoms  prove  to  substitute  preferentially 
in  the  Ca  site.  The  samples  including  Yb  atoms  are  single 
phased  until  a  content  y  =  0.5  while  complete  substitution 
can  be  achieved  with  Er  cations.  The  electrical  properties 
of  these  compounds  are  affected  by  the  rare  earth 
content.  Their  structural  characteristics  and  in  particular 
the  incommensurate  modulation  have  been  investigated 
by  electron  microscopy.  The  results  are  in  favour  of  an 
atomic  displacive  one-dimensional  modulation  with  both 
transverse  and  longitudinal  components.  It  has  been 
observed  that  the  wave  length  of  the  modulation 
decreases  with  increasing  y  (until  y  =  0.5),  in  the  case  of  a 
substitution  by  Yb  atoms.  Simultaneously,  the  critical 
temperature  of  these  samples  diminishes  until  y  =  0.5, 
the  compounds  presenting  a  semi-conductor  behaviour 
for  higher  Yb  contents. 

M2.B 

SYNTHESIS  AND  CHARACTERIZATION  OF 
Ndi .85Ceo.l 5Cu04±x!  T.A.  Vanderah.  Naval  Weapons 
Center,  China  Lake,  CA;  M.S.  Osofsky,  Naval 
Research  Laboratory,  Washington,  D.C. . 


Nd2Cu04  and  its  Ce-doped,  n-type  superconducting 
derivative  were  synthesized  by  solid  state 
reaction  of  Nd203,  CuO,  and  "active"  Ce02. 

Samples  were  characterized  by  X-ray  diffraction, 
thermogravimetry,  and  measurements  of  resistivity 
and  magnetic  susceptibility. 

Nd; .85Ceo.i 5Cu04±x,  as  prepared  by 
high-temperature  solid  state  reaction  of  the 
component  oxides  in  air,  is  a  6  K  superconductor, 
but  careful  annealing  at  lower  temperatures  under 
an  inert  gas  containing  a  low  partial  pressure  of 
oxygen  raises  the  Tc  to  24  K. 

Our  objective  was  to  measure  the  average  formal 
copper  valence  in  the  parent  compound  as  well  as 
its  superconducting  derivative.  Since  Ce4* 
oxidizes  iodide  ion,  oxygen  content  was  measured 
by  thermogravimetric  analysis  under  hydrogen 
rather  than  iodometric-type  titrimetry  methods. 
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According  to  our  results  and  those  published  by 
the  discoverers  of  the  Nd-Ce-Cu-0  system, 
reduction  of  the  average  formal  copper  valence  to 
+  1.7  from  +2.0  in  the  parent  Nd2CuC>4  is 
prerequisite  for  stabilization  of  the 
"phase-pure"  24  K  superconductor.  The  synthetic 
difficulties  encountered  in  this  system  seem  to 
be  particularly  representative  of  the  metastable 
nature  of  these  unusual  superconducting  oxides. 


M2. 9 

Superconductivity  in  (Nd,Ce.Ca)2Cu04-z:  T.Sakural, 
T.Yamahlta.S.Ikegflwa  and  H.Yamauchl, 
Superconductivity  Research  Laboratory.  Inter¬ 
national  Superconductivity  Technology  Center, 10-13 
Shlnonome  1-Chome  Koto-ku,  Tokyo  13S  JAPAN 

The  relationship  between  carrier  density  and 
superconductivity  transition  temperature (Tc )  for 
the  conventional  p-type  oxide  superconductors 
such  as  Lai . 85SrO . 15Cu04-z  has  been  well  estab¬ 
lished.  The  same  relationship  for  the  newly  dis¬ 
covered  n-type  superconductors,  i.e.Nd2-xCexCu04-z 
of  the  T' phase  structure  exhibts  a  peculiar  fea¬ 
ture,  that  is.  a  discontinuity  in  the  Tc-vs- 
[carrler  density]  curve.  It  is  not  clearly  known 
if  such  a  feature  is  essential  for  n-type  super¬ 
conductors. 

In  this  work,  we  controled  the  carrier 
(electron)  density  in  Nd2Cu04  by  substituting  Ca 
as  well  as  Ce  into  the  Nd-sltes.and  studied  the 
Tc-[carrler  density]  relationship.  The  phase  rela¬ 
tions  in  the  (Nd,Ce,Ca)2Cu04-z  system  were  studied 
by  obtalnng  the  tie-lines  using  X-ray  diffraction 
and  electron  probe  mlcroanalysls  techniques,  and 
the  reaglon  where  only  T' phase  is  stable  was  es¬ 
tablished  in  the  phase  diagram.  Spcclments  of  the 
Ndl . 82-xCeO . 18CaxCu04-z  system  which  is  Included 
in  the  T1  single  phase  region  were  synthesized  to 
control  the  excess  carriers  due  to  the  Ca  sub¬ 
stitution.  Hall  coefficients  and  DC  resistivity  of 
speclments  were  measured  to  elucidate  the  relation 
between  the  carrier  density  and  Tc. 


M2 . 1C 

SUPERCONDUCTING  BEHAVIOR  OF  TETRAGONAL  (T) 
^u2-x^cx^l®4±#*  V.J.  Mclim.  Wcimin  Peng  and  C.W.  Kimball, 
Northern  Illinois  University,  Dekalb,  IL  and  B.  Dabrowski, 

Y.  Zheng  and  D.  G.  Hinks,  Argonnc  National  Laboratory, 
Argonne,  IL 

Eu2.xCexCu04  (0  <  x  <0.17)  has  been  synthesized  with  the 
tetragonal  T’  structure.  These  compound  arc  analogues  of  the 
n-type  superconductor  Nd  2 .  x  Cc,  Cu04  in  which  the  Cu-0 
coordination  is  square  planar  rather  than  pyramidal  or 
octahedral.  AC  susceptibility  and  resistance  measurements 
show  that  Eui.xCcxCu04±8  becomes  superconducting  with 

TC-13K  for  x=  0.15  and  0.17,  when  prepared  under  reducing 
conditions.  Subsequent  low  temperature  0+  annealing 
increases  the  superconducting  fraction  but  docs  not  change 
Tc  The  ,5iEu  Mossbaucr  shift  indicates  that  Eu  has  a  valence 
near  3+  for  all  x.  The  change  in  both  shift  and  quadrupolc 
splitting  arc  small  as  the  Cc  spans  the  nonsupcrconducling  io 
superconducting  concentrations.  The  relationship  of 
superconducting  behavior  to  preparation  conditions, 
electronic  structure,  volume  change  and  magnetic  behavior 
will  be  discussed, 


•Work  supported  by  the  National  Science  Foundation  (DMR87- 
19738;  OSTC-STC-8809854)  and  the  US  Dept,  of  Energy,  BES  (#W- 
31-109-ENG-38) 

M2.ll 

CERAMIC  MATERIALS  WITH  T' -CRYSTAL  STRUCTURE  IN  THE 

Ln  M  CuO  (Ln=Pr.Nd;  M=Ce,  Pb,  Sn)  SYSTEM.  H. 

2-x  x  4-y 

Oviedo-Roa,  L.  Covea  and  R.  Escudero.  Institutes  de 
Invest igac tones  en  Materiales.  UNIVERSIDAD  NACIONAL 
AUTONOMA  DE  MEXICO.  Apdo.  Postal  70-360.  Mexico, D. F. , 

04510.  Mexico. 

We  have  prepared  single  phase  T’ -crystal  structure  ln 

the  system  Ln  M  CuO  where  Ln=Pr,  Nd,  and  M=Ce, 

J  2-x  x  <-y 

Pb  and  Sn  for  the  compositions  x=0.0.  10,  0.13,  0.15, 

0.17,  0.3  and  0.4.  We  observed  that  all  series  of 
compounds  are  lsostructural  to  the  T' -phase  of 

Nd  CuO  .  In  some  cases  we  found  Impurity  phases  in 

2  4 

very  small  amounts.  The  most  interesting  of  these 
compounds  is  the  formation  of  the  single  phase  with  Pb 
and  Sn;  although,  they  are  not  superconductors. 

We  also  determined  the  oxygen  content  ^nd  the  copper 
oxidation  state  in  terms  of  the  [Cu-0]  p  charge  by  a 

double  lodomelrlc  titration  technique.  The  structure 
and  lattice  parameters  of  the  compounds  were  studied 
by  X-ray  powder  diffractometry  and  the  superconduct ing 
properties  by  electrical  resistance  measurements. 

A  discussion  about  the  role  of  Pb  and  Sn  in  the 
structure  formation  is  given  in  terms  of  oxidation 
states  of  these  atoms. 

M3 . 1 

PULSED  LASER  TECHNIQUE  FOR  DEPOSITION  OF 
SUPERCONDUCTING  THIN  FILMS;  DEPOSITION  PHYSICS  AND 
IN-SITU  PROCESSING.  R.  K.  Singh  and  J.  Narayan.  Department  of 
Materials  Science  and  Engineering,  North  Carolina  State  University. 
Raleigh,  NC  27695-7916 

We  have  theoretically  and  experimentally  analyzed  the  laser  induced 
evaporation  process  for  the  deposition  of  superconducting  thin  films  from 
bulk  targets.  A  theoretical  model  based  on  the  generation  and  expansion 
of  a  high  temperature  and  high  pressure  gas  in  vacuum  is  developed. 

This  model  correctly  predicts  most  of  the  characteristic  features  of  the 
films  fabricated  by  the  technique  including  (i)  the  dependence  of  ion 
velocity  on  the  pulse  energy  density  and  (ii)  spatial  thickness  and 
compositional  variations  in  superconducting  thin  films  as  a  function  of 
energy  density.  The  fabrication  of  in-situ  single  crystal  superconducting 
thin  films  at  low  substrate  temperatures  by  the  laser  evaporation  technique 
will  also  be  discussed.  By  applying  a  dc  bias  to  an  interposing  ring, 
epitaxial  films  were  produced  at  substrate  temperatures  as  low  as  500°C. 
The  films  deposited  at  650°C  exhibited  critical  current  density  values  of 
5.0  x  106  A/cm2  und  1.0  x  106  A/cm2  on  (100)  SrTiOj  and  (100)  YSZ 
substrates,  respectively.  X-ray  diffraction,  transmission  electron 
microscopy,  electron  channeling  patterns  and  Rutherford  backscattering 
/channeling  showed  excellent  epitaxial  quality  of  films  on  SrTiOj  and 
YSZ  substrates  with  best  values  of  minimum  ion  channeling  yield  of 
3.5%  on  (100)  SrTiOj  substrates.  The  deposition  conditions  and  the 
microsiructure  will  be  correlated  with  the  superconducting  properties. 


M3. 2 


SYNTHESIS  AND  PROPERTIES  OF  V1_xPr„Ba2Cu307_x  THIN 
FILMS.  X.  D.  Mu.  M.  S.  Hegde,  A.  Inara,  and  X.  X. 
Xi,  Physics  Department,  Rutgers  University, 
Piscataway,  NJ  08854;  T.  Venkatesan,  and  C.  C. 
Chang,  Bellcore,  Red  Bank,  NJ  07707 


barrier  between  two  superconducting  Y1Ba2Cu307_x 
layers  since  the  system  has  virtually  no  change  in 
its  orthorhombic  structure.  yi-xPrxBa2Cu3°7-x 
thin  Films  were  prepared  in-situ  by  a  pulsed 
laser  deposition  technique.  The  films  showed 
metallic  behavior  in  resistivity  vs  temperature 
for  x  <=  0.4.  The  superconducting  transition 

temperature  decreases  progressively  as  the  Pr 
concentration  is  increased,  as  has  been  found  for 
bulk  samples.  Ion  beam  channeling  (2  MeV  He+ ) 
studies  indicate  that  the  films  grow  epitaxially 
on  (100)  SrTiOj  substrate,  showing  minimum  yield 
of  4-5%.  This  is  confirmed  by  x-ray  diffraction 
data  which  show  the  films  to  be  highly  oriented 
with  their  c-axes  perpendicular  to  the  surface. 
Moreover,  the  study  reveals  a  systematic  decrease 
in  the  intensity  ratio  of  (200)  to  (100)  X-ray 
lines  with  increasing  values  of  x,  which  is 
explained  on  the  basis  of  an  increase  in  the 
symmetry  along  the  c-axis. 

M3. 3 

IN  SITU  GROWTH  OF  HIGH  QUALITY  EPITAXIAL  YBa2Cu307.x 
FILMS  AT  MODERATE  SUBSTRATE  TEMPERATURES  AND 
OVER  LARGE  AREAS  BY  PULSED  LASER  ABLATION." 
nniinias  H  I  nwnrtes.  J.  W.  McCamy,  D.  P.  Norton,  R.  Feenstra, 
J.  D.  Budai,  and  D.  N.  Mashburn,  Solid  State  Division,  Oak  Ridge 
National  Laboratory,  Oak  Ridge,  TN  37831-6056. 

Pulsed  KrF  (248  nm)  excimer  laser  ablation  of  YBa2Cu307.x  (Y- 
123)  target  pellets  has  been  used  for  in  situ  growth  of  smooth, 
high-quality  Y-123  epitaxial  films  with  primarily  c-axis-normal 
orientation  and  variable  thickness  on  SrTi03,  KTa03,  MgO, 
LaGa03,  and  LaAI03  substrates,  without  high-temperature  post¬ 
annealing.  A  rotating  target  pellet,  line  focusing,  laser  beam 
scanning  over  the  target,  and  high  laser  energy  densities  (-3.5-5 
j/cm2)  can  be  combined  to  yield  films  of  nearly  uniform 
composition  over  areas  -8  cm2;  scaleup  to  >20  cm2  area  is 
being  studied.  "Baseline"  Y-123  films  grown  on  both  SrTi03  and 
KTa03  at  Theater  ~700  °C  (estimated  Tsubstrate  '625-650  °C), 
followed  by  O2  post-annealing  at  lower  temperatures,  have 
Tc(midpoint)  >  90  K.  and  ATc(10%-90%)  -1.0-1. 5  K.  Omission  of 
the  O2  post-annealing  step  results  in  only  a  small  (-2-3  K) 
reduction  of  Tc,  and  in  very  smooth  films  with  lateral  features  only 
on  the  -150  nm  length  scale.  Results  of  detailed  microstructural 
and  crystallographic  film  characterization  by  SEM,  RBS  and  x- 
ray  diffractometry  will  be  presented,  together  with 
superconducting  transport  measurements. 


In  the  copper  containing  high  Tc  oxide- 
superconductors,  the  number  and  the  distance  of 
Cu-02  layers  and  carrier  concentration  have 
relations  with  the  value  of  the  super¬ 
conducting  transition  temperature.  Thus,  it  is 
important  to  control  these  parameters 
independently  in  order  to  elucidate  the 
superconducting  mechanism  and  to  exploit  a  new 
superconductor. 

We  have  artificially  formed  five  different 
Bi ( Pb) -Sr-Ca-Cu-0  films  containing  one  to  five 
Cu-O,  layers  between  Bi.O,  layers  by  a 
successive  deposition  method  at  low  temperatures 
(50 0C )  taking  advantage  of  laser  ablation  method 
in  the  presence  of  N20.  In  these  compounds,  hole 
concentration  has  been  independently  changed  by 
doping  Pb  at  the  Bi2°2  laYer  with  controlling  the 
numbers  of  the  Cu-02  layer. 

Using  the  layer-by-layer  technique,  the 
control  of  the  composition  in  the  atomic  layer 
scale  is  also  possible  by  the  incorporation  of 
atoms  and  ions  to  the  crystal  structure  to  form 
"tailored  superconducting  films".  Site-selective 
substitution  of  Ba  for  Sr  or  Ca  in  layered  (Bi- 
Pb) 2Sr2Ca1 Cu20  has  been  performed  to  control  the 
superconducting  properties 


M3. 5 

IN  SITU  PREPARATION  OF  SUPERCONDUCTING  Y-Ba-Cu-0 
THIN  FILMS  ON  SILICON  SINGLE  CRYSTALS.  H.-U.  HabgmflSI 
and  G. Mertens, Max— Planck— Institut/FKF,  D  7000  Stuttgart  &0, 
FRG. 

SuDerconducting  Y-Ba-Cu-0  thin  films  with  critical  temperatures 
exceeding  80  K  \re  deposited  on  silicon  single  crystal  substrates  usmg 
the  laser  deposition  tcchmquc.Dcposition  from  a  sutured 
Y1Ba2Cu307  target  in  oxygen  ambient  of  0.1-5  mbar  at 

temperatures  in  the  range  of  700°C  to  820°  C  forms  crystalline 
material  in  which  the  target  composition  of  the  metallic  constituents 

is  preserved  and  critical  temperatures  up  to  86  K  are  achieved  .X-ray 
analysis  as  well  as  Raman  spectroscopy  reveal  that  specimens 
prepared  at  optimum  conditions  are  single  phase  c-axis  oriented,  no 
traces  of  a  second  phase  occur.lnvestigations  of  the  suiface 
morphology  show  granular  surface  structures  in  contrast  to  films 
grown  in  a  similar  way  on  MgO  or  SrTiOg  single  crystals.!  he  surface 

morphology  .however, is  strongly  influenced  by  the  deposition 
temperature  of  the  films  and  an  optimization  procedure  for  the  Him 
deposition  has  to  take  into  account  this  issue.The  filnis  prepared  by 
this  in  situ  technique  are  quite  stable  against  conventional  chemicals 
used  in  photolithographic  patterning, however,  a  strong  correlation 
between  film  quality  before  patterning  and  a  degradation  alter 
patterning  is  observed. To  prevent  this  an  in  situ  technique  tor  tnc 
protection  of  the  superconducting  film  is  developed. 

1  II  _U.  Jlabermeier  and  G.  Mertens,  Proceedings  of  the  H  I'M  SC 
Pnnfprpnrp  Stanford.  1989. 


‘Research  sponsored  by  the  Division  of  Materials  Sciences,  U  S 
Department  of  Energy  under  contract  DE-AC05-840R21400  with 
Martin  Marietta  Energy  Systems,  Inc. 

M3. 4 

TAILORED  HIGH-TC  SUPERCONDUCTING  THIN  FILMS  MADE 
BY  LAYER-BY-LAYER  DEPOSITION  WITH  EXCIMER  LASER. 
Tomol 1  Kawal ,  Masaki  Kanai,  Hitoshi  Tabata  and 
Shichio  Kawai,  The  Institute  of  Scientific  and 
Industrial  Research,  Osaka  University,  Mihogaoka, 
Ibaraki,  Osaka  567  japan. 


M3. 6 


MACROSCOPIC  PERSISTENT  CURRRENTS  IN  LASER  ABLATED 
YBa2Cu307_x  FILMS. 


Frtthlingsdor f * ,  U.  Kriiger,  P.  Leiderer+, 
Feile++,  W.  Zander*,  fLt_Si£iiiisat* 

Institut  fUr  Schicht-  und  Ionentechnik,  kfa 
J  Illicit ,  FRG 

FakultSt  fUr  Phyaik,  UniversltSt  Konstanz,  FRG 
Institut  fllr  Physik,  Universitat  Mainz,  FRG 
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Thin  films  of  YBa^Cu^Oy^  have  been  produced  in 
situ  by  laser  ablation  without  further  low 
temperature  annealing.  Films  were  found  to  be 
polycrystalline  with  the  c-axis  preferentially 
oriented  normal  to  the  substrate  plane  on  single 
crystalline  (OClJ-SrTiOj  and  ( random )-Zr02. 
Complete  superconducting  transitions  above  92  K 
with  transition  widths  of  about  1  K  have  been 
observed  even  on  YSZ  substrates .  Critical  current 
densities,  jc  (77  K),  of  more  than  1.5  x  10° 
A/ cm2  could  be  obtained  on  SrTiOj-substrates . 
This  new  technique  enables  deposition  of  films  as 
thin  as  10  nm  with  excellent  superconducting 
properties;  it  requires  short  process  times  (<  5 
min  )  and  is  a  versatile  method  which  is  also 
applicable  to  other  materials.  The  high  quality 
of  the  thin  films  over  large  areas  was 
demonstrated  by  the  measurement  of  persistent 
superconducting  current  densities  (77  K)  in  the 
order  of  105  A/ cm2  in  a  1  mm  broad  ring  of  9  mm 
diameter.  No  dissipation  of  this  persistent 
current  could  be  observed  during  one  hour. 


M3. 7 


effort  to  circumvent  these  problems,  buffer  layers  have  been 
introduced  as  part  of  the  thin  film  growth  process.  The  buffer 
layer  and  the  superconducting  layer  are  sequentially  deposited 
using  a  multi-target  pulsed  laser  deposition  system.  Transition 
temperatures  of  up  to  88K  and  a  large  degree  of  c-axis  orientation 
are  observed  despite  the  presence  of  a  140A  amorphous  Si(>2 
layer  beneath  the  buffer  layer.  Growth  conditions  and  properties 
of  various  buffer  layers,  including  zirconia-based  buffers,  as 
measured  by  x-ray  diffraction  and  TEM  will  be  presented.  In 
addition,  the  results  of  the  characterization  of  the 
superconducting  properties  of  the  films  will  be  discussed. 

*  Supported  in  part  by  the  Air  Force  Office  of  Scientific  Research 
under  Contract  F49620-89-C-0017. 
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ArF  LASER  ABLATION  OF  YBa,Cu307_v  AS  STUDIED  BY 
EMISSION  SPECTROSCOPY,  SEM  AND  EDAX.  Alon  Hoffman, 
and  Rafael  Manorv.  Dept,  of  Applied  Physics,  Royal 
Melbourne  Institute  of  Technology,  G.P.O  BOX  2476V, 
«,ihnnrne.  Victoria.  3001.  Australia. 


STUDY  OF  IN-SITU  LASER-DEPOSITION  OF  SUPERCON¬ 
DUCTING  THIN  FILMS  BY  IN-SITU  RESISTANCE  MEASURE¬ 
MENT.  O.Y.  Ving.  H.S.  Kim,  D.T.  Shaw  and  H.S.  Kwok,  Institute  on 
Superconductivity,  State  University  of  New  York  at  Buffalo,  Bonner 
Hall,  Buffalo,  NY  14260 

An  in-situ  resistance  measurement  was  made  during  the  deposition  of 
superconducting  films.  Silver  leads  were  thermally  evaporated  before 
the  deposition  of  the  HTS  film.  For  normal  deposition  conditions, 
leading  to  in-situ  as-deposited  HTS  films,  i.e.  5  mTorr  02  pressure  and 
~600°C  substrate  temperature,  the  resistivity  dropped  sharply  at  the 
beginning  of  deposition  and  reached  a  minimum.  After  that,  it  in¬ 
creased  slowly  as  the  deposition  continued.  The  initial  decrease  was 
due  to  the  formation  of  the  first  few  layers  of  HTS  material.  The  mini¬ 
mum  value  of  the  resistivity  was  comparable  to  the  typical  value  of  Y- 
Ba-Cu-O  thin  films  exhibiting  superconductivity.  However,  the  slow  in¬ 
crease  of  the  resistance  indicated  that  the  oxygen  inside  the  film  was 
constantly  diffusing  out  during  deposition.  Immediately  after  the 
deposition,  oxygen  was  filled  into  the  chamber  up  to  100  T ort.  The 
resistivity  dropped  to  a  steady  value  in  a  few  seconds.  It  was  the  result 
of  oxygen  in-diffusion  leading  to  the  final  superconducting  film. 

Measurement  was  also  done  at  low  oxygen  pressure  during  deposition. 

It  was  found  that  in  this  case  the  film  showed  a  semiconducting  be¬ 
havior  even  with  otherwise  identical  deposition  conditions.  The  be¬ 
havior  of  the  in-situ  resistance  change  was  also  different. 

M3. 8 

IN-SITU  GROWN  YBCO  FILMS  AND  BUFFER  LAYERS  QM 
SILICON  BY  PULSED  LASER  DEPOSITION*.  G.  A.  N. 
Connell1,  J.  B.  Boyce1,  F.  Bridges1^,  D.  B.  FennerU,  and  D.  K. 
ForkM.  (l)Xerox  Palo  Alto  Research  Center,  Palo  Alto,  CA 
94304;  (2)Physics  Dept.  Univ.  of  California,  Santa  Cruz,  CA 
95064;  (3)Phyaica  Dept.,  Santa  Clara  Univ.,  Santa  Clara  CA 
95053;  (4)Dept.  of  Appl.  Phys,  Stanford  Univ.,  Stanford,  CA 
94305 

Attempts  to  grow  high  quality  films  of  the  high  temperature 
superconductors  on  bare  silicon  have  been  hindered  by  substrate- 
film  iaterdiffusion  and  by  thermal  expansion  mismatch.  In  an 


The  fluorescence  emission  spectra  from  the  plasma 
plume  induced  by  ArF  Eximer  laser  irradiation  of 
YBa,Cu,07_v,  Y,  YO,  CU,  CuO  and  YCuO  were  studied. 
Based  on  a  comparison  between  the  spectra  obtained 
for  the  different  materials,  the  peaks  in  the 
spectrum  obtained  for  YBa2Cu307_x  were  assigned. 
The  only  oxide  species  detected  was  YO.  Spatially 
resolved  measurements  from  the  plasma  plume 
emenating  from  the  irradiated  YBa2Cu307_v.  sample 
were  performed.  The  emission  spectra  from  the 
plasma  plume  were  recorded  as  a  function  of 
distance  from  the  ablated  surface.  The  variation  in 
the  spectra  with  distance  were  tentatively 
interpreted  in  terms  of  the  temperature  profile, 
different  relaxation  times  of  excited  states  and 
- ; 1  one  nerairrino  within  the  plume. 


The  influence  of  laser  ablation  on  the  morphology 
and  composition  of  the  irradiated  YBa2Cu3o? 
material  was  studied  by  SEM  and  EDAX.  It  was  found 
that  the  1-2-3  composition  ratio  of  the  near 
surface  region  after  ablation  was  maintained. 
Changes  in  the  morphology  were  observed  and  four 
distinctive  regions  could  be  identified:  (1)  the 
inner  track  region  in  which  the  laser,  intensity  is 
at  its  maximum  inducing  evaporation,  ( i. i )  the  track 
rim  region  where  melting  occurs,  (iii)  the  near 
track  region,  extending  out  to  about  0.3  mm  from 
the  rim  in  which  the  temperature  is  below  the 
melting  point  and  grain  growth  is  induced,  and  (iv) 
the  unaffected  region,  in  which  the  structure  is 
that  of  the  original  sintered  material. 


M3. 10 

THE  PROCESSING  OF  SUPERCONDUCTING  THIN 
FILMS  OF  Pb-Bi-Sr-Ca-Cu-0  USING  LASER 
ABLATION  TECHNIQUES.  ,  M  Brown, 

K  Jackman,  I  W  Boyd.  Department  of 
Electronic  and  Electrical  Engineering, 
University  College  London,  Torrington 
Place,  London  wciE  7JE,  UK,  and  F  Saba, 
Department  of  Materials,  imperial 
college,  London  SW7 ,  UK. 

In  this  presentation  we  shall  discuss 
the  processing  of  the  Bi-Sr-Ca-Cu-0 
superconductors  into  thin  films  using 
Laser  ablation  techniques.  In 
particular  we  will  discuss  the  attempts 
to  optimize  both  the  critical 
temperatures  and  critical  currents 
of  films  of  the  lead  doped  BSCCO 
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material .  We  also  intend  to  discuss 
some  recent  results  we  have  obtained 
on  the  basic  physical  processes 
operating  in  the  ablation  process. 

In  particular  we  wish  to  discuss  the 
relationship  between  the  shape  profile 
of  the  plume  of  the  ablated  material 
and  the  surface  damage  on  the  target 
pellet  caused  by  the  laser.  We  also 
intend  to  highlight  recent  theoretical 
work  which  suggests  an  elegant  method 
lor  extending  the  technique  to  the 
deposition  of  high  quality  films,  of 
uniform  thickness,  over  large  areas. 


M3. 11  ABSTRACT  NOT  AVAILABLE 
M3. 12 

CHARACTERIZATION  OF  THE  TARGET-SUBSTRATE  BIAS 
POTENTIAL  DEPENDENCE  OF  PULSED  LASER  DEPOSITION  OF 

YBa2Cu,07-{.  n.B.  Chrisev.  K.S.  Crabowski,  M.S.  Osofsky, 
J.A.  Sprague,  and  C.R.  Cossetc,  Naval  Research  Laboratory, 
Washington,  DC  20375-5000 

Pulsed  laser  deposition  of  high  Tc  materials  offers  many 
advantages  not  found  in  conventional  deposition  techniques 
such  as  stoichiometric  deposition  in  a  high  oxygen 
background  pressure.  In  addition,  the  nonthermal 
distribution  in  energy  of  neutral  material  and  the  presence 
of  positive  ions  in  the  laser-produced  plume  can  also  be 
effective  in  lowering  Che  substrate  processing  temperature. 
We  have  deposited  YBa2Cu307_£  thin  films  in  situ  onto  (100) 
MgO  and  (100)  SrT103  substrates  using  PLD  while  varying  the 
target-substrate  bias  potential,  oxygen  background  pressure, 
and  substrate  temperature  in  an  effort  to  fabricate  high 
quality  films  at  lower  substrate  temperatures.  The 
transport  and  microstructural  properties  of  the  resulting 
films  suggest  that  there  is  an  optimum  temperature  for  in 
situ  deposition  of  YBa2Cu307.$. 


M3. 13 

PREPARATION’  AND  PROPERTIES  OE  EPITAXlAl  TIIIN  ITEMS  OE 
SUPERCONDUCTING  Ntl1.,Cc,CuOJ.,  A.  Gupta.  G  Keren.  C.C.  Isuci.  A. 
Scgmullcr,  ami  T.  R.  McGuire,  IBM  lliomas  .1.  Watson  Research  ('enter  Box  2 IK, 
Yorklonn  Heights,  New  York  IIMWK. 

Thin  films  of  the  electron-doped  superconductor, 
Nd,  ,Ce,. ,  ;„CuO,  ,,  have  been  deposited  on  SrTiOj  substrates 
using  the  laser  ablation  technique.  The  deposited  films  grow 
epitaxially  with  the  c-axis  normal  to  the  substrate  on  (100) 
oriented  SrTi0Jt  and  with  (103)  orientation  on  (110) 
substrates.  The  transport  and  magnetic  properties  of  the 
film  are  very  sensitive  to  the  concentration  of  oxygen  va¬ 
cancies.  Films  deposited  and  cooled  in  presence  of  150  mTorr 
of  oxygen  exhibit  localization  behavior  with  no  evidence  of 
superconductivity  down  to  5  K.  Superconductivity  is  observed 
on  annealing  the  films  in  vacuum  or  under  a  reducing  atmos¬ 
phere.  The  best  films,  with  composition  of  Nd,  „Ce,  ,5Cu0,  y 
on  (100)  SrTiOj,  show  zero  resistance  at  20  K  with  a  transi¬ 
tion  width  of  1  K.  The  normal-state  resistivity  shows  me¬ 
tallic  behavior  with  approximately  T*  temperature  dependence. 
Such  a  dependence  suggest  strong  electron-electron  inter¬ 
action  in  this  system.  The  critical  current  density  in  zero 
magnetic  field  has  been  measured  to  be  2xl05  A/cm*  at  5.5  K, 


M4.1  ABSTRACT  NOT  AVAILABLE 
M4.2 

FABRICATION  OF  TEXTURED  MICROSTRUCTURES  IN 
YBa2Cu306*x  BY  LIQUID-PHASE  SINTERING.  Lijie 
Zhang,  Martin  P.  Harmer  and  Helen  M.  Chan.  Lehigh 
University,  Bethlehem,  PA  18015. 

It  is  well-recognized  that  conventionally  prepared 
bulk  YBa2Cu306+x  samples  exhibit  values  of  critical 
current  density  (Jc)  which  are  too  low  for  practical 
applications.  However,  Jin  et.  al.  have  shown  that 
melt-processing  produces  a  high  degree  of  grain 
alignment,  with  Jc  on  the  order  of  17,000  A/cm2.  In 
this  study,  textured  microstructures  have  been 
developed  using  liquid  phase  sintering,  where  samples 
are  sintered  close  to  the  peritectic  temperature  and 
then  slowly  cooled.  This  process  produces  "domains" 
of  large  plate-shaped  aligned  grains.  The  effects  of 
variables  such  as  sintering  time,  temperature,  and 
cooling  rate  on  the  degree  of  texture  have  been 
studied.  Also,  a  series  of  quenching  experiments  were 
conducted  in  order  to  determine  how  the 
microstructure  develops  during  the  course  of  the  heat 
treatment.  The  relationship  between  the  degree  of 
texture  and  the  electrical  properties  will  be 
discussed,  together  with  possible  mechanisms  for  the 
texture  development. 

M4.3 

SYNTHESIS  OF  UNI Dl RECT IONALLY  SOLIDIFIED  Y-Ba-Cu-O 
BULK  SUF’ERCONDUCTORS  WITH  HIGH  CRITICAL  CURRENT 
DENSITY  E.  Yanagisawa,  S.  Kondoh,  J.  Shimoyama, 
J.  Kase,  T.  Matsubara  and  T.  Mori  mo  to.  Research 
Center,  Asuhi  Glass  Co.  Ltd.,  Hazawa-cho,  Kanagawa- 
ku,  Yokohama  221,  Japan. 

Critical  current  density,  Jc,  of  bulk  high-Tc 
oxides  is  limited  within  low  level  which  is  too  low 
to  be  applied  for  the  practical  use.  To  overcome 
the  problem,  we  tried  to  synthesize  bulk  material 
with  single  crystal  like  textures  by  the 
unidirectional  so  I i d i f i cr t i on  of  Y-Ba-Cu-O  system. 
Starting  mixtures  of  Y2O3,  BaCOj  and  CuO  with 
nominal  composition  of  Y.  T3a2_xCuq_2xOy  (x  <  0.4) 
were  sintered  at  900-950',C  and  melt  solidified  in 
certain  temperature  gradients  by  conventional 
floating  zone  method  above  L000°C.  Then,  bulk 
materials  of  about  5x5x20  mm3  without  appreciable 
cracks  or  pores  were  obtained.  These  materials 
have  single  crystal  like  microtextures,  where  a 
number  of  small  (20  ^im)  particles  of  Y2BaCuOc 
homogeneously  precipitate.  The  small  pieces  oT 
about  1x0.15x2  nrn3  were  cut  from  the  ingots,  and 
the  Jc  was  measured  by  the  conventional  four 
terminal  resistivity  measurement.  The  value  of  Jc 
of  our  specimen  is  more  than  4600  A/cm*  under  the 
applied  field  of  10  kOe  at  77  K.  The  effects  of 
the  doping  of  lanthanid  atoms  doping  on  the  Jc  will 
also  be  d i scussed. 

M4.4 

PROCESSING  OF  HIGH  CURENT  DENSITY  YBa2Cu3Ox 
SUPERCONDUCTORS.  V.  Selvamanickam  and  K.  Saluniii. 
Department  of  Mechanical  Engineering.  Texas  Center  of 
Superconductivity.  University  of  Houston,  Houston,  Texas  77U04. 
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A  liquid  phase  processing  method  has  been  developed  to 
fabricate  oriented  grained  YBa2Cu30x  samples  with  high  current 
density  ( 1  ].  The  current  density  in  these  samples,  however,  is  found  to 
be  sensitive  to  microstructure  which  is  controlled  by  processing 
parameters.  Random  grain  growth,  restriction  of  orientation  to  the 
surface  and  crystallographically  mismatched  domains  of  locally  aligned 
grains  can  be  avoided  by  a  proper  combination  of  these  processing 
parameters.  Cooling  rate  through  the  peritectic  temperature  is  found  to 
be  a  crucial  factor  in  controlling  the  extent  of  grain  orientation.  Samples 
rapidly  cooled  and  sintered  at  930  C  are  found  to  exhibit  no  grain 
orientation  due  to  the  randomness  in  the  recrystallization  process.  When 
the  cooling  rate  is  decreased  considerably,  a  microstructure  with  grains 
as  long  as  1  to  1.5  cm  oriented  along  the  length  of  the  sample  over  a 
width  of  0.5  to  1  cm  can  be  obtained.  The  grains  are  plate  shaped  and 
the  fracture  surface  lies  on  the  a-b  plane.  The  decrease  in  the  cooling  rate 
apparently  allows  more  time  for  recombination  of  the  decomposed 
phases  into  the  superconducting  phase  and  also  permits  sufficient  time 
for  mass  transport  along  the  fast  growth  a-b  plane  yielding  elongated 
grains.  Quenching  studies  from  different  temperatures  during  the  slow 
cooling  process  reveals  that  a  significant  undercooling  is  required  for 
grain  nucleation  and  this  determines  the  temperature  range  for  the 
cooling  process.  The  samples  prepared  by  the  slow  cooling  process 
repeatedly  exhibit  very  high  current  densities  at  77  K.  A  significant 
anisotropy  in  the  resistivity  across  the  grains  is  observed,  but  transport 
and  inductive  measurements  reveal  a  very  high  value  of  supercurrent 
density  in  excess  of  104  A/cm^  in  this  orientation.  This  suggests  that  the 
nature  of  grain  boundaries  of  the  material  fabricated  by  this  process  is 
very  different  from  those  studied  earlier. 

1.  K.  Salama,  V.  Selvamanickam,  L.  Gao,  and  K.  Sun,  Applied 
Physics  Letters,  54,  2352  (1989) 

H4.5 

FABRICATION  OF  YBajOqO,.,  FILAMENTS  BY  EXTRUSION  OF  A 
Cu,0,BajY(me0Et>7  (mcOEt  IS  2-METHOXYETHANOL)  PRECUR¬ 
SOR.  M  W  Rupich.  S.  F.  Cogan,  B.  Lagos,  and  J.  P.  Hachey,  EIC 
Laboratories,  Inc.,  Norwood,  MA  02062 

Superconducting  YBajCujO,  ,  filaments  were  fabricated  by  the  thermal 
pyrolysis  and  oxidation  of  precursor  filaments  formed  by  room  tempera¬ 
ture  extrusion  of  a  molecular  CujOjBajY(meOEt)7  (meOEt  is  2-me- 
thoxyethanol)  complex.  The  molecular  precursor,  CujO,BajY(meOEt)7. 
was  synthesized  by  the  reaction  of  a  soluble  copper(II)  oxide  polymer, 
(CuO)„  with  Ba(meOEt)2  and  Y(meOEt),  in  a  pyridine/2-methoxyethanol 
solvent  mixture'.  The  structure  of  the  molecular  CujOjBajYfmeOEt)? 
precursor  is  believed  to  consist  of  a  two  dimensional  array  of  Cu07  layers 
formed  by  the  cross-linking  of  the  linear  Cu-O-Cu-O  chains  by 
Ba(meOEl)j  and  Y(meOEt)v  The  polymeric  structure  of  the  precursor 
promotes  the  orientation  and  alignment  of  the  YBa^UjO,,  microstructure . 
Extrusion,  pyrolysis  and  oxidation  of  the  Cu,OjBa2Y(OR)7  precursor 
results  in  the  formation  of  a  YBajCujO,.,  grain  structure  consisting  of 
platelets  which  arc  predominantly  oriented  along  the  filament  axis.  The 
degree  of  grain  orientation  in  the  filaments  and  the  filament  density  depend 
on  the  pyrolysis  conditions  and  filament  diameter. 

Superconducting  YBaaCujO,.,  filaments  with  diameters  of  75  to  500  pm 
were  fabricated  and  characterized.  The  filaments  showed  transition 
temperatures  (onset)  above  90  K  and  reached  zero  resistance  at  89  K. 
Critical  current  densities  of  -300  A/cma  have  been  obtained  at  77  K.  The 
physical  and  chemical  properties  of  the  precursor  filaments  and  the 
pyrolysis  and  oxidation  conditions  that  yield  oriented  superconducting 
filaments  will  be  presented.  The  major  advantage  of  the  process  is  the 
ability  to  influence  the  orientation  of  the  YBajCujO,  ,  grain  structure  of 
the  filaments  through  the  structure  of  the  precursor. 

1.  M.  W.  Rupich  et  al.,  Appl.  Phys.  Lett,  (submitted). 
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THE  DEPENDENCE  OF  TU  FOR  CERAMIC  HIGH -Tc 
SUPERCONDUCTORS  ON  ELECTRONIC  PARAMETERS. 
R-c.  Giessen  and  R.S.  Markiowicz,  Materials 
Science  Division,  Barnett  Institute  and 
Departments  of  Chemistry  and  Physics, 
Northeastern  University,  Boston,  MA  02115 


Even  in  the  absence  of  a  detailed  "icroscopic 
theory,  attempts  to  find  a  unifying  des?5ip^°" 
for  Tc  in  high-Tc  superconducting 
been  quite  successful.  The  relation  of  T^  to 
hole  (or  electron)  concentration,  especially 
the  occurrence  of  a  maximum  value  of^cwl,. 
a  given  compound  and  the  correlation, ofV*^;h 
both  the  percentage  of  “active 
(e.g.,  cuO,2  layers)  and  the  hole 
concentration2  within  the  active  material  can  be 
gualitatively  understood  in  terms  of  concepts 
successfully  used  for  intercalation  compounds. 
Including  explicitly  the,  splitting 
interlayer  coupling,  we  have  recently  Pr°P°sed 
a  universal  correlation  of  Tc  with  the  hole 
concentration  per  active  layer  which  generates 
a  set  of  Tc  curves  that  represent  the 
experimental  data  well. 

Based  on  this  model,  we  examine  or  re-examine 
structural  and  electronic  parameters 

characterizing  the  occurrence  of  high-T 
superconductivity,  with  special  emphasis  on  its 
frequent  and  fundamental  correlation  with 
structural  instabilities. 
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THE  EFFECT  OF  THE  DISTRIBUTION  OF  DOPANTS  IN  HIGH  Tr  BI- 
COMPOUND  SUPERCONDUCTORS.  Alexis  S.  Nash.  Marquette 
University,  Milwaukee,  WI,  Kenneth  C.  Goretta,  Argonne 
National  Laboratory,  Argonne,  IL,  Philip  Nash,  Illinois 
Institute  of  Technology,  Chicago,  IL,  Roger  B.  Poeppel  and 
Donglu  Shi,  Argonne  National  Laboratory,  Argonne,  IL. 

A  series  of  4336  Bi-Sr-Ca-Cu  oxide  samples  doped  with  either 
1  to  10%  metallic  silver  or  1  to  10%  Sn0«  were  prepared 
using  a  solid  state  reaction  method.  The  distribution  of 
cationic  dopants,  the  microstructure  and  the  crystal 
structure  of  the  samples  was  studied  using  energy  dispersive 
spectometry,  scanning  electron  and  optical  microscopy  and  x- 
ray  difractometry. 

The  dependence  of  microsturcture  and  T  on  the  type  and  the 
distribution  of  dopant  and  on  firing  schedules  have  been 
determined.  The  grain  morphology  was  found  to  depend  upon 
the  type  of  dopant,  varying  from  plates  to  irregular  chunks. 
Addition  of  silver  leads  to  a  marked  increase  in  preferred 
orientation  with  (001)  planes  perpendicular  to  the  pressing 
direction  in  sintered  pellets.  This  was  confirmed  by 
scanning  electron  microscopy. 

The  restivity-temperature  data  show  an  enhanced  Tc  in  Ag- 
doped  samples  under  certain  conditions.  Energy  dispersive 
spectometry  indicates  that  the  dopants  mostly  segregate  to 
the  grain  boundaries. 
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A  NOVEL  SPRAY  PYROLYSIS  SYSTEM  FOR  THE  DEPOSITION 
OF  HIGH  TC  SUPERCONDUCTORS.  Tobv  I.  Cumberbatch,  I  R  C. 
in  Superconductivity,  Cambridge  University,  Cambridge, 
England;  Stephen  Deane  and  Paul  E.  Barden,  Engineering 
Department,  Cambridge  University,  Cambridge,  England 

A  spray  pyrolysis  system  has  been  developed  in  which  the  use  of 
airless  atomisation  and  optical  heating  permits  the  deposition  of 
thin  film  superconductors  at  growth  surface  temperatures  of  up 
to  650°C.  This  is  sufficient  to  drive  a  pyrolytic  decomposition 
reaction  to  completion  and  obviates  the  need  for  a  subsequent 
high  temperature  anneal  to  form  the  desired  oxide.  A  fine 
aerosol  is  generated  with  a  commercial  centrifugal  atomisation 
system  and  the  cross  section  is  controlled  by  an  annular  gas 
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shower  of  oxygen  or  nitrogen.  The  atomisation  process  is  further 
assisted  by  an  electrostatic  field  which  charges  the  droplets  so 
reducing  coalescence  within  the  aerocolloidal  suspension.  The 
substrates  rest  on  a  partially  transparent  sheet  of  ceramic  and  are 
heated  from  above  and  below  by  tungsten  halogen  lamps.  For 
optically  transparent  substrates,  the  energy  is  coupled  directly 
into  the  nascent  film  which  provides  a  higher  heat  flux  to  the 
growth  surface  than  is  available  from  diffusion  through  the 
substrate.  Local  variations  in  the  droplet  flux  density  are 
alleviated  by  the  substrate  executing  a  trochoid  in  the  horizontal 
plane  whilst  the  position  of  the  spray  gun  is  fixed. 

Dense  YBCO  films,  comprising  a  mixture  of  ternary  oxides,  have 
been  deposited  directly  on  to  glass  substrates  at  500°C.  Results 
will  be  presented  from  the  new  system  for  a  range  of 
superconducting  materials,  deposited  at  higher  temperatures,  on 
to  conventional  substrates. 
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HIGH  TEMPERATURE  SUSPENSION  MELTING  TREATMENT  OF 
SUPERCONDUCTING  POMDER  ( HTSH) . Zhang  Jiangou, Zhou  Yiru, 
Hang  Junsheug,  Yaii  Junlian,  Liu  Ansheng,  Zhang  Baoren 
and  Xu  Yatan.  208*201  Lab.  General  Research  Institute 
for  Non-Ferrous  Metals.  Beijing  100088. China. 

This  work  explored  a  high  teaperature  suspension  sett¬ 
ing  process  to  prepare  YBCO  superconducting  powder, and 
the  powder  was  analyzed  and  observed  by  TEM.  SEM.  X- 
r ay  diffraction  technigue  and  optical  aicroscope. 

It  is  hard  to  obtain  ideal  superconductors  with  uni- 
fora  and  pure  superconducting  phase  using  the  noraal 
powder  preparing  processes.  In  this  paper,  we  have  in¬ 
vestigated  the  effects  of  both  non-unifora  coaporsi- 
t i on  of  the  original  powder  and  low  portion  of  super¬ 
conducting  phase  on  Jc  of  bulk  aaterial.  A  new  process 
--  HTSM  has  been  d i sc ove r ed . HTSM  process  is  such  a  way 
that  the  noraal  superconduct  powder  is  suspended  in  a 
special  high  teaperature  furnace,  aelted  and  recrys- 
taltizeO  instantaneously  in  a  rich  oxygen  environaent, 
and  then  quenched  rapidly. 

The  experiaent  indicated  that  HTSM  process  is  the 
powder  coaes  not  into  contact  with  any  crucible  inthe 
whole  process  and  hence  avoids  contaaination.  In  the 
case  of  preparing  YBCO  superconducting  powder  by  HTSM 
process,  the  powder  can  be  purified,  the  unifora ity  of 
the  bulk  aaterial  can  be  iaproved,  the  portion  of 
superconducting  phase  and  the  critical  current  den¬ 
sity  can  be  increased.  The  critical  rurrent  density 
values  of  the  bulk  aatrriats  were  increased  about  2^3 
tings,  and  the  Jc  value  of  its  tape  raae  up  to 
7l00A,'cn‘  . 
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REACTIONS  AT  CERAMIC  SUPERCONDUCTOR/METAL  INTERFACES. 
Mln-Senk  Oh  and  Michael  R.  Notts,  Lehigh  University, 

Dept.  Materials  Science  A  Engineering,  Whitaker  Lab  #5, 
Bethlehem,  PA  18015 

Joining  tachnology  for  ceramic  superconductors  is 
currently  a  major  problem.  At  least  two  problem  areas 
have  esfetged:  reactions  which  occur  at  ceramlc/metal 
interfaces  formed  during  composite  wire  fabrication,  and, 
preparation  of  contacts  with  low  contact  resistance  for 
measurement  of  physical  properties.  Characterization 
techniques  to  examine  the  microstructure  and 
microchemistry  associated  with  ceramic  superconductor/ 
metal  Interfaces  will  be  described.  These  Include 


quantitative  analysis  using  Electron  Probe  Micro  analysis 
(EPMA)  and  x-ray  color  mapping  methods  to  visualize  the 
spatial  distribution  of  reaction  products.  The  possible 
reactions  which  occur  at  ceramic  superconductor /metal 
interfaces  will  be  discussed  and  examples  will  be  shown 
of  interfaces  between  Ba-Y-Cu-0  and  Bi-Sr-Ca-Cu-0  vs. 
a  series  of  metals  (Ag,  Nl,  Cu)  now  being  considered 
for  joining  and  cladding  applications.  In  a  composite 
configuration,  Ag  metal  Interlayers  are  found  to 
promote  Interfacial  reactions. 
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YB&zCusOz  FI LAMENT- SUPERPLASTIC  ALLOY  COMPOSITES.  Emilio 
Orcaz.  Miguel  A.  Ocampo,  Centro  de  Invest IgaciOn  y 
Desarrollo  CONDUMEX,  Blvd.  Cervantes  Saavedra  255,  11520 

Mexico  D. F. .  MAxico. .  David  Rios-Jara,  and  Tatsuo  Akaehl 
Instituto  de  Invest igaciones  en  Materiales,  UNAM,  Apdo 
Postal  70-360,  04510,  MAxico  D. F. ,  Mexico. 


Composites  formed  by  superconducting  filaments  cladded  with 
superplastic  alloys  were  prepared.  YBa2Cu307  powder  was 
obtained  by  standard  solid  state  reaction  and  was  used  to 
extrude  green  filaments.  After  sintering  and  oxygenation, 
the  filaments  showed  superconductivity  at  90K  (zero 
resistance) . 


A  novel  clad  was  tested  using  low  melting  point 
superplastic  alloys.  This  cold  process  preserves  the 
YBa2Cu307  from  deoxygenation.  The  composites  showed 
superconductivity  at  Tc  higher  than  85K.  The  resistivity 
ratio  between  the  YBa2Cu307  ceramic  material  In  the  normal 
state  and  the  metal  clads  ranges  from  5  to  50.  This 
provides  the  current  by-pass  when  the  superconductivity  is 
locally  lost.  The  metal-ceramic  interface  was  characterized 
by  electrical  transport  measurements  and  microstructural 
observations.  Critical  current  density  determinations  are 
under  way  and  will  be  presented. 


M4.12 

SILVER  IN  Y-Ba-CU-O:  SUBSTITUTION,  MICROSTRUCTURE, 
AMD  SUPERCONDUCTING  PROPERTIES.  jL.  JL.  Weinberger, 
L.  Lynds,  D.  M.  Potrepka,  R.  Cipolli,  D.  B.  Snow, 
C.  T.  Burila,  H.  E.  Eaton,  United  Technologies 
Research  Center,  East  Hartford  CT  06108;  Z.  Tan, 

J.  I.  Budnick,  Department  of  Physics,  University 
of  Connecticut,  Storrs,  CT  06268. 

Ag/Y-Ba-Cu-0  composites  have  been  proposed  for  a 
variety  of  applications.  Unlike  virtually  all 
other  metals  (gold  being  the  other  notable  ex¬ 
ception)  ,  when  subject  to  high  temperature  syn¬ 
thesis  processes,  Ag/YBa2Cu307_„  composites  dis¬ 
play  no  degradation  of  superconducting  Tc  and 
some  enhancement  of  Jc.  The  composite  material 
consists  of  basically  single  phase  YBa2Cu307_x 
and  Ag  metal. 

To  be  presented  is  experimental  evidence  that  Ag 
actually  exists  in  three  distinct  environments  in 
such  composites:  in  metallic  clumps  filling  voids 
in  the  Y-Ba-Cu-O  matrix,  along  Y-Ba-Cu-O  grain 
boundaries,  and  minimally  substituted  in  the 
lattice  of  YBa2Cu307_„.  To  be  detailed  are 
studies  of  the  microstructure  of  Ag/Y-Ba-Cu-0 
composites  made  by  cold-pressing  and  hot 
isostatic  pressure  processing  (HIP)  including: 
X-ray  diffractometry,  EXAFS,  light  and  trans¬ 
mission  electron  microscopy,  electron  micro¬ 
probe  studies.  These  structural  properties  will 
bs  correlated  with  magnetometry,  resistivity  and 
critical  current  measurements. 
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MICROSTRUCTURAL  ANALYSES  AND 
MAGNETIC  MEASUREMENTS  OF 
Ag/YBa2Cu30  7.x  COMPOSITES. 
V.S.Achuthuraman,  Y.J.Zhang,  M.L.Mecarmev.  Dept,  of 
Chem.  Eng.  &  Mat.  Sci.,  University  of  Minnesota, 
Minneapolis,  MN  55455,  and  J.McArdle,  Q.Chen, 
B.Koepke,  Honeywell  Inc.,  Minneapolis,  MN  55428. 

The  addition  of  silver  or  silver  oxide  to  YBa2Cu307_x 
powders  before  sintering  has  been  observed  to  enhance 
densification  and  grain  growth.  This  enhancement  has  been 
postulated  to  occur  via  a  liquid  phase  sintering  mechanism. 
We  have  undertaken  studies  on  the  wetting  behavior  of  Ag 
on  YBa2Cu307_x  at  various  temperatures  and  the  effect  of 
quench  rate  on  the  wetting  behavior.  In  addition,  the  grain 
boundary  structure  of  Ag/YBa2Cu3(>7.x  composites  and 
distribution  of  silver  have  been  analyzed  by  SEM  and 
TEM.  Lastly,  effects  on  magnetic  susceptibility  and  flux 
creep  due  to  modification  of  the  microstructure  of 
YBa2Cu3C>7_x  by  the  addition  of  silver  have  been 
investigated. 
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IN-SITU  GROWTH  OF  Y;Ba2Cu3Or_r  FILMS  BY  MOLECULAR 
BEAM  EPITAXY  WITH  AN  ACTIVATED  OXYGEN  SOURCE. 

J.  Kwo,*  AT&T  Bell  Laborato->.s,  Murray  Hill,  New  Jersey  07974 

High  quality,  superconducting  Y1Ba2Cu3  07-,  thin  films  have  been 
successfully  produced  by  molecular  beam  epitaxy  on  MgOdOO)  at  a 
substrate  temperature  -  650‘C.  The  in-situ  growth  was  achieved  by 
incorporating  neutral  oxygen  radicals  produced  by  a  remote 
microwave-excited  plasma  in  a  flow-tube  reactor.  By  enhancing  the 
flow  speed  of  the  02  stream  to  minimize  recombinations,  we  have 
demonstrated  remarkable  improvements  in  the  superconducting 
properties.  The  main  chamber  pressure  during  growth  is  maintained 
at  5xl0~*  torr,  compatible  with  standard  MBE  operation.  Films  500A 
thick  show  reproducible  sharp  transitions  (R«0)  at  89K,  and  low 
resistivities  of  p(300K)  *  202  pfl-cm,  p(100K)  =  70  pG-cm.  The 
epitaxial  order  of  (001)  orientation  was  characterized  by  x-ray 
diffraction  and  ion  channeling.  Furthermore,  the  qualities  of 
interfacial  sharpness  and  surface  morphology  are  significantly 
improved  over  the  ex-situ  annealed  films.  In-situ  reflection  high 
energy  electron  diffraction  indicated  that  a-layer-by-layer  type  of 
growth  has  produced  a  highly  ordered,  atomically  smooth  film 
surface.  The  tunnel  junction  experiments  were  recently  conducted. 
The  results  of  single  particle  tunneling  and  quasiparticle  tunneling 
will  be  reported. 

*  Work  done  in  collaborating  with  M.  Hong,  T.  A  Fulton,  D.  J. 
Trevor,  R.  M.  Fleming,  A.  E.  White,  A.  R.  Kortan,  R.  C.  Farrow,  and 

K.  T.  Short 

M5.2 


SUPERCONDUCTORS  AND  INSULATORS  IN  RUBIDIUM 
BARIUM  BISMUTH  OXIDE  FILMS  GROWN  IN-SITU  BY 
MOLECULAR  BEAM  EPITAXY.  E.  S,  Heilman,  E.  H.  Hartford, 
R.  M.  Fleming.  AT&T  Bell  Laboratories,  Murray  Hill,  NJ  07974. 


Investigations  of  epitaxial  growth  in  the  rubidium  barium  bismuth 
oxide  material  system  have  shown  it  to  be  a  powerful  synthetic 
technique.  The  simple  cubic  perovskite  (Rb,Ba)Bi03  can  be  grown 
at  temperatures  below  350°C  by  molecular  beam  epitaxy  using  an 
RF  plasma  atomic  oxygen  source.  Films  with  metallic  normal  state 
conductivity  and  superconducting  onsets  in  resistivity  as  high  as 
27K  are  obtained  without  annealing.  The  epitaxy  proceeds  in  the 
normal  (1  0  0)  orientation  on  (1  0  0)  SrTiC>3,  despite  a  10%  lattice 
mismatch.  (1  1  0)  epitaxy  is  obtained  on  (1  0  0)  MgO  substrates, 
despite  the  good  lattice  match  for  (1  0  0)  growth.  Bismuth  rich 
films  are  generally  not  superconducting  and  contain  a  phase  with 
a  9.SA  lattice  spacing  which  appears  to  be  related  to  the  hexagonal 
solid  solution  phase  known  in  the  barium  bismuth  oxide  system. 
Films  with  moderate  bismuth  deficiency  are  also  superconducting, 
and  show  both  (1  0  0)  and  (2  2  1)  texture  on  SrTi03  in  reflection 
high  energy  electron  diffraction  (RHEED)  patterns  and  x-ray 
diffraction  scans.  Films  with  large  bismuth  deficiency  are 
perovskite-like  but  are  insulating  and  unstable  in  air.  This  picture 
of  the  "phase  diagram"  for  epitaxy,  along  with  an  understanding 
of  the  influence  of  growth  conditions,  can  be  used  to  achieve 
control  of  the  composition  and  properties  of  the  films. 

M5.3 

rtS-UEPOSITEU  SUPERCONDUCTING.  Y-Ba-Cu-U  KILNS  ON  uaAs 
SUBSTRATE  BY  HIGH  PRESSURE  DC  SPUTTERING  PROCESS. 

R.J.  Lin  ana  P.T.  Wu,  Materials  Research  Laboratories, 
industrial  Technology  Research  Institute,  Chutung, 

Hsinchu,  Taiwan,  R.O.C. 

The  superconducting  Y-Ba-Cu-0  thin  films  on  (100)GaAs  sub¬ 
strate  have  been  reproducibly  prepared  by  high  pressure  DC 
sputtering  process  without  further  post-annealing  treatment. 
The  targets  were  Y-Ba-Cu-0  compounds  made  by  solid  state 
reaction.  The  sputtering  gases  were  Ar-50X0.,  and  total 
gas  pressure  was  1-2  torr.  The  substrate  temperature  was 
lower  than  450°C.  By  now,  the  superconductivity  of  the 
films  is  Tc(onset)  *  95K  and  Tc(zero)  •  40K.  The  thickness 
of  the  films  is  l-2um.  The  detailed  process  and  results  of 
X-ray  diffraction,  magnetization,  SEM  and  TEM  micrographs 
of  the  films  will  be  discussed. 


MS.  4 

HIGH-TC  YBaiCugOg  THIN  FILMS  PRODUCED  BY  MULTILAYER 
SPUTTER  DEPOSITION.  Mark  S.  Dilorio.  Kai-Yueh  Yang,  Andrew  N. 
Erickson,  Biomagnelic  Technologies.  Inc.,  San  Diego,  CA;  Patricia  K. 
Tsai,  M.  Brian  Maple,  University  of  California  San  Diego,  La  Jolla,  CA. 

We  have  fabricated  thin  films  of  YBa2Cu307  using  multilayer  sequential 
sputtering  from  three  metallic  targets  in  a  load-locked  deposition  system. 
The  films  that  are  sputter-deposited  at  room  temperature  in  argon  and 
post-annealed  in  flowing  oxygen  show  zero  resistance  at  86  K  on 
yttria-stabilized  zirconia  (YSZ)  substrates.  The  technique  is  very 
reproducible  and  produces  moderately  smooth  films  whose  stoichiometry  is 
determined  by  electron  ir.icroprobe  to  be  close  to  1:2:3  over  relatively  large 
(>2")  substrate  areas.  Films  sputter-deposited  in  mixed  oxygen  and  argon 
at  450  °C  and  post-annealed  in  oxygen  show  a  shiny  smooth  surface, 
improved  film  stability,  and  zero  resistance  at  84  K  on  YSZ  substrates.  The 
structure  of  these  films  was  studied  by  x-ray  diffraction,  which  shows  a 
polycrystalline  structure  in  most  of  the  films,  and  a  partial  c-axis  orientation 
in  films  annealed  at  higher  temperatures.  We  have  also  patterned  input 
coupling  coils  from  films  deposited  on  relatively  large  area  (1"  x  0.5")  YSZ 
substrates  for  use  in  SQUID  magnetometers. 
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HIGH  CRITICAL  CURRENT  DENSITY  IN  ULTRATHIN  YBCO 
FILMS  X.X.  Xi  ,  W.Schauer+,  J.  Geerk,  Q.  Li*,  G. 
Linker  and  O.  Meyer,  Kernforschungszentrum 
Karlsruhe,  Institute  fuer  Nukleare 
Festkoeperphysik,+lnstitut  fuer  Technische  Physik 
,  P.O.Box  3640,  D-7500  Karlsruhe,  FRG.  *Physics 
Department,  Rutgers  University,  Piscataway, 
NJ08854 , U.S.A. 


^^Tathin  YBa2Cu302_x  films  were  produced  on 
(100)SrTi03  and  (lOOjMgO  substrates  by  hollow- 
cathode  magnetron  sputtering.  Metallic 
temperature-dependence  of  the  resistivity  and  full 
superconducting  transition  above  4.2  K  were 
obtained  in  films  as  thin  as  about  3  nm  (e.g. 
Tco“62K  for  a  of  3.5  nm)  on  (100)SrTi03.  Due 

to  the  bigger  mismatch  between  YBCO  films  and 
(lOO)MgO  substrates  and  the  dislocation  layers  at 
the  film  substrate  interface  produced  thereby,  the 
full  superconductivity  can  be  obtained  on  MgO 
substrates  only  in  films  thicker  than  6nm.  The 
critical  current  density,  Jc,  of  a  30nm  thick  film 
on  (lOO)SrTiOj  had  a  value  of  2xl06A/cm2  at  77K 
and  zero  field  which  is  comparable  to  that  of  the 
thicker  films  though  the  Jc  degraded  in  thinner 
films  .  However,  a  relatively  high  J„  of 
3.5x10  A/ cm  was  still  obtained  in  a  5nm  film  at 
4.2K  and  zero  field.  The  field-dependence  of  J 
for  the  5nm  film  was  measured  and  was  found  to  be 
very  much  different  from  that  of  the  thicker 
films.  We  speculate  that  it  is  partly  due  to  the 
increasing  importance  of  flux  pinning  when  the 
film  thickness  is  decreased. 


M5.6 

SYNTHESIS  AND  PROPERTIES  OF  YBa.CujOr.,  THIN  FILMS  GROWN 
IS-SITU  BY  SLNGLE  TARGET  MAGNETRON  SPUTTERING  CB  Eottv  J  Sun, 
K  Yamamoto,  and  T  H  Goballe,  Stanford  University,  Stanford.  CA  94305;  and  S.S. 
Laderman,  Hewlett-Packard  Co ,  Palo  Alto,  CA  94304 


Using  single  target  off-axis  sputter  deposition,  high  quality  superconducting 
films  of  YBa2Cu307-x  were  made  in  situ  on  MgO(lOO)  substrates  <'*  These  films 
have  properties  which  are  distinctly  different  from  those  of  bulk  ceramics  and  of 
post-deposition  annealed  films.  Their  superconducting  resistive  transitions 
range  from  75  to  86 K  and  remain  sharp  regardless  of  the  value  of  Tc.  Normal 
state  conductivities  are  as  high  as  the  best  single  crystals  Their  critical  current 
densities  are  higher  than  6x10'  A/cm3  at  4.2  K. 

We  have  studied  the  thickness  dependence  of  superconducting  properbesfTc,  Jc,) 
from  30A  to  SOOoA  thickness.  Although  Tc  starts  degrading  below  200A,  the 
transition  temperature  of  a  3()A  film  was  still  30  K.  However,  the  Jc  drops 
linearly  below  1500  A.  The  dependence  of  thickness  upon  nudeation,  growth 
and  surface  coverage  is  under  investigation. 

We  measured  transport  properties  of  these  films  in  magnetic  fields  of  up  to  8  T. 
The  resistive  transition  broadens  with  field  perpendicular  to  ab  plane,  although 
much  less  than  in  post-annealed  films  on  SrTiOj(IOO)  substrates  We  observed  a 
broadening  which  shows  sign  of  saturation  under  the  condition  of  H//J  in  the 
ab  plane.  We  studied  flux  creep  and  flow  behavior  of  these  films  from  1-V 
characteristics  and  resistivity  measurments  at  various  temperatures  and 
magnetic  fields. 

(1)  C  B  Eom  and  el  al.,  Appl  Phys  Lett  to  be  published  (Aug.  7, 1989) 


M5.8 

Ion  Beam  Co-deposition  of  YBa2Cu306+x. Films 
B. J.Kellett.  J.H. James,  A.Gauzzi,  B.Dwir,  and 
D.Pavuna,  Institute  of  Micro  and 
Optoelectronics,  Swiss  Federal  Institute  of 
Technology,  Lausanne  CH  1015,  Switzerland. 

Superconducting  YBa,Cu3064x  films  have  been 
deposited  by  a  four  ion  beam  deposition  system. 
Three  ion  beams  are  used  for  sputtering  while 
the  fourth,  directed  at  the  substrate,  is  used 
for  etching,  oxygen  assisted  growth,  and 
patterning.  As  deposited  superconducting  films 
have  been  grown  on  SrTi03  and  Si  with  oxide 
buffer  layers  (buffer  layers  were  ion-beam 
deposited)  .  Both  oxide  and  metalic  targets,  02 
background  gas,  02  assist,  and  substrate 
temperature  have  been  studied  to  determine 
effects  on  oxygen  stoichiometry,  critical 
current (Jc)  and  superconducting  transition 
temperature  (T_) .  Auger  electron  spectroscopy 
(AES)  X-ray  diffraction  (XRD)  and  SEM  have  been 
employed  to  refine  processing  conditions  and 
determine  optimum  processing  routes  for  Hybride 
device  structures  for  applications  in  opto¬ 
electronics  . 


M5.9 

IN-SITU  PREPARATION  AND  CHARACTERIZATION  OF  SUPER¬ 
CONDUCTING  THIN  FILMS  AND  RELATED  MATERIALS  BY 
MOCVD  FOR  THE  DEVELOPMENT  OF  THREE  TERMINAL 
SWITCHING  DEVICES.  R.  Singh.  F.  Radpour ,  S. 
Sinha,  N.J.  Hsu,  P.  Chou,  R.P.S.  Thakur,  A.  Kumar, 
University  of  Oklahoma,  Norman,  OK;  J .  Narayan  and 
R.K.  Singh,  North  Carolina  State  University, 
Raleigh,  NC. 


High  throughput,  low  temperature  deposition,  sharp 
interfaces,  and  selective  deposition  with  direct 
ion,  electron  and  photon  beam  controlled  tech¬ 
niques  are  some  of  the  key  driving  forces  for  the 
development  of  superconducting  thin  films  by  MOCVD 
technique.  Thus,  MOCVD,  in  addition  to  well 
established  roles  in  semiconductor  and  opto¬ 
electronics  industry,  can  play  a  similar  major 
role  in  the  superconductivity  industry,  we  have 
successfully  used  MOCVD  for  the  deposition  of  Y- 
Ba-Cu-0  superconducting  thin  films,  naFz  as  a 
buffer  layer  and  as  a  dielectric  material  and  Y,o} 
(preferred  as  a  gate  dielectric  material  due  to 
higher  dielectric  constant  of  about  16) .  As 
deposited  Y-Ba-Cu-0  films  on  BaFj/YSZ  substrates 
have  zero  resistance  at  80K  and  exhibit  texture  of 
growth  with  either  c  or  a  axis  perpendicular  to 
the  substrate.  In  this  paper  we  will  present 
preparation  and  characterization  of  Y-Ba-Cu-0  and 
other  related  material  deposited  by  MOCVD.  Based 
on  our  experimental  work,  it  appears  that  these 
materials  have  the  potential  of  realizing  hybrid 
semi -conductor/ superconductor  three  terminal 
switching  devices. 


M5.7  ABSTRACT  NOT  AVAILABLE 
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PREPARATION  OF  Y-Ba-Cu-0  TIIIN 
KawSLkf  TalJl  Tsurunkn .  Ryoudou 

SJUfJlik1  f  HI  tosh  i  Abe.  and  &usunu  Shlbata. 
Research  Laboratory.  Okl  Electric  Industry  Co 
Ltd.  Tokyo,  Japan. 

of  YRaCuoetMnPfi  1  tce  iow  telI1Perature  preparation 
of  YBaCuO  thin  films  by  orpano-metallic  chemical 
vapor  deposition  (OM-CVD)  using  N,0  gas.  The 
films  were  fabricated  at  a  low  subitratf 
temperature  as  650°C.  For  the  deposition  of  YBaCuO 
we  “sed  ft-diketonate  metal  chelates  of 
2I? '  ?  'J? ' “tetramethyl-3 , 5-heptane  diono-baruim, 
fn»l^V>,'C?Ppe/'  Critical  temperature  of  this 
H?r?^r^rtihoUt/ annealing  was  80K.  By  x-ray 
rh£f^vVr°J\  ,XRD  1  ’  we  observed  that  c-axls  of 

cwofTrMi  ,1UVt,rlV.1.°V,V.  'SA'h 

“*11  p“l<s  of  ™*c»°  "JIM 

vLr.SnnL?2  f?s’  the  lc>west  temperature  to  prepare 
films  Wl.t.h  hi^h  Tc  on  SrTi03  substrate 
without  after  annealing  was  750°C.  Meanwhile  it 

0S(sinrle"ai^mithah  N2°c,&aoS,  decomP°ses  into  N2  and 
0 ^single  atom)  above  500°C.  Here  we  observed  that 

f ilmsebvCnii0J?0.Ov  jfrOWth^  teraperature  of  YBaCuO 
films  by  using  N20  gas  depended  on  presence  of 

rnnd^V^^^XyS5nKat'K0^1•  because  other  deposition 
conditions  of  both  cases  (using  02  gas  and  using 
h20  gas)  were  quite  the  same.  *  S 

The  experimental  results  show  that  the  use  of 

YBaCuO  t°hYng7„makn  Possible  to  crystallize 
IBaCuO  thin  films  at  a  low  temperature.  This  low 
temperature  Is  compatible  with  semiconductor 

d uVtl  sPub0sCt“\ien"dirfdusiroendUCeS  c<”>^"atlon 


M5.13 

IN-SITO  GROWTH  OF  YBa2Cu307-x  FILMS  BY  METAL 
ORGANIC  CHEMICAL  VAPOR  DEPOSITION  OSING  VERTICAL, 
HIGH-SPEED  ROTATING  DISK  REACTOR.  D .  W  Nr.h ,  B. 
Gallois,  Stevens  Institute  of  Technology,  Hoboken, 
NJ;  C.  Chern,  B.  Kear,  Rutgers  University, 
Piscataway,  NJ;  G.  S.  Tompa,  P.  Norris,  P. 
Zawadzki,  EMCORE,  Somerset,  NJ. 

Superconducting  thin  films  of  YBa2Cu307-x  were 
grown  on  MgO  (100)  and  YSZ(IOO)  substrates  without 
post-annealing  by  metal  organic  chemical  vapor 
deposition  using  vertical  high-speed  (1100  rpm) 
rotating  disk  reactor.  The  source  materials  were 
Y(tmhd)3,  Ba(tmhd)2,  and  Cu(tmhd)2»  which  were 
kept  at  135  °C,  240  °C,  and  120  °C  respectively. 
The  precursors  were  transported  using  nitrogen  as 
the  carrier  gas  and  introduced  separately  into  the 
stainless  steel  cylindrical  chamber,  which  was 
maintained  at  60  torr.  The  oxygen  partial  pressure 
was  30  Torr.  The  substrates  were  heated  resistively 
at  800°C.  After  the  growth  the  films  were  cooled 
down  at  a  rate  of  5  °C/min  under  1  atmospheric 
pressure  of  pure  oxygen. 

The  X-ray  diffraction  pattern  of  the  films ^showed 
primarily  orientation  of  c-axis  perpendicular  to 
the  substrates  with  weak  peaks  of  (hoo) 
corresponding  to  a-axis  orientation.  Scanning 
Electron  Microscopy  of  the  films  showed  well- 
developed  a-xis  and  c-axis  plate  structure  which 
appeared  as  rectangular  micron-sized  features  on 
the  MgO  surface.  On  the  YSZ  substrates  a-axis  and 
c-axis  plate-like  projection  were  also  observed, 
with  the  dense  plate-like  c-axis  orientation 
dominant.  Four  probe  resistance  measurement  showed 
Te0  at  91.8  KlATc-2.2  K)  and  85  K  (ATc-7  K)  on  YSZ 
and  MgO  substrates  respectively. 
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innovative  low-temperature  metal-organic  chemical  vapor 

DEPOSITION  (LTMOCVD)  ROUTES  TO  THE  FABRICATION  OF  DEVICE 
QUALITY  HIGH  TEMPERATURE  OXIDE  SUPERCONDUCTORS  Alain  E 
Kaloyeros.  Aiguo  Feng,  and  Jonathan  Gar  hart.  Physics  Department,  Slate  University 
of  New  York  at  Albany.  Albany,  NY,  and  Marianne  Holma  and  Kenneth  Brooks, 
Physics  and  Chemistry  Departments,  University  of  Illinois  at  Urbana-Champaign 
Urbana,  IL. 

We  have  developed  methodology  to  produce  high  quality  superconductor  thin 
Films  on  complex  shapes  and  forms  by  low-temperature  meal-organic  chemical  vapor 
deposition  (LTMOCVD)  from  designed  organofneuilic  compounds.  Preliminary  results 
will  be  presented  from  the  successful  growth  of  high-purity,  high-quality  Y-Ba-Cu-O 
films  (TC-89K,  Jc-20.000A/cm2)by  simultaneous  LTMOCVD  of  three  metal  J5- 
diketonate  precursors,  namely.  Cu(aeac)2.  Y(acac)3  and  Baffodft.  with  and  without 
oxygen  atmosphere.  The  deposition  was  carried  out  at  temperatures  of  300-400°C  and 
on  a  variety  of  substrates  that  included  (100)  MgO.  SrTiOa,  and  ^.stabilized  silicon. 

<?x>SIUOn  rMe  film  dhekness.  for  films  produced  at  a  working  pressure  of 
10-6-10-5  torr,  were,  respectively,  2-3nm  and  l-2»un.  The  thickness  variation  across  a 
typical  substrate  was  also  investigated  and  found  to  be  <5%/cm  over  the  whole 
substrate.  The  electrical  properties  of  the  films  were  quite  sensitive  to  the  temperature 
and  duration  of  the  post-deposition  high-temperature  annealing  step.  The  best  transition 
temperature  of  -89K,  and  the  sharpest  tnnsibon,  were  obtained  for  film  annealed  using  a 
one-step  slow  mneal  at  850°C  in  100*  oxygen  atmosphere. 


The  quaUty  of  the  LTMOCVD-productd  Y-Ba-Cu-O  films  was  investigated  by 
performing  microstrucuml  and  microchemical  analyses  and  elemental  concentration 
profiling  on  films  deposited  on  MgO  substrates  at  350°C  and  annealed  according  to  t he 
scheme  described  earlier.  The  films  were  characterized  by  Auger  electron  spectroscopy 
(AES),  scantung  electron microscopy  (SEM),  and  energy-dispersive  x-ray  spectroscopy 
(EDXS).  AES  and  EDXS  m-depth  and  lateral  (x-y)  quantitative  analyses  were  in 
excellent  agreement.  They  showed  that  film  composition  was  practically  constant  over 
the  entire  film  and  independent  of  lateral  or  depth  position.  AES  quantiulive  analysis 
yielded  a  composition  of  Y1.0B12.lCu3.1gOx,  while  EDXS  yielded  a  composition  of 
Y  LOBa2.oCu3.13Ox.  SEM  results  showed  that  the  film  exhibits  a  typical  pattern  of 
onemed  needles  with  an  extremely  smooth  texture  and  a  very  small  concentration  of 
voids.  These  preliminary  studies  showed  that  the  films  had  a  constant  compoaition  over 
the  whole  substrate  area  and  that  LTMOCVD-produeed  films  might  he  excellent 
candidates  for.  for  example,  photolithography  and  patterning  applications. 
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CRYSTAL  CHEMISTRY  AND  SUB-SOLIDUS  PHASE  RELATIONS  IN 
(La.RE)jCuO,  SYSTEMS.  Joseph  F.  Brantley,  Steven  S.  Trail,  Michael  W. 
McElfresh  and  Bruce  A.  Scott  I  B  M.  Research  Division,  T.  J.  Watson  Research 
Center,  Yorktown  Heights,  NY  10598. 

There  are  three  closely  related  (RE)jCu04  (RE  “  rare  earth)  structure-types 
presently  known  which  exhibit  superconductivity  at  appropriate  levels  of  electron 
or  hole  doping.  Each  contain  isolated  sheets  of  either  4-fold  (T'),  5-fold  (T*),  or 
6-fold  (T)  Cu-0  coordination.  In  an  effort  to  determine  the  factors  which  influ¬ 
ence  their  stabilities,  a  range  of  doped  and  undoped  (La.RE)jCuO,  (RE  *  Nd 
to  Y)  systems  were  investigated,  with  particular  focus  on  the  crystal  chemistry 
of  the  La.Nd  system. 

For  Lxj.jNdjCuO,,  the  structure  remains  that  of  La2Cu04  (f)  and  the  degree 
of  orthorhombicity  increases  with  increasing  x  for  0.0  s  1  s  0.4.  The  structure 
transforms  to  that  of  Nd2Cu04  (T')  for  x  k  0.5.  However,  careful  examination 
of  the  x-ray  powder  diffraction  data  for  samples  with  La/Nd  ratios  =e  1.0  revealed 
yet  a  third  phase  whose  structure  corresponded  to  that  of  T*.  Studies  of  the  re¬ 
maining  (La,RE)2Cu04  systems  under  a  variety  of  conditions  including  high  ox¬ 
ygen  pressure,  resulted  in  the  observation  of  several  new  T*  phases  in  these 
systems  as  well,  but  single  phase  materials  with  this  structure  could  not  be  ob¬ 
tained  in  most  cases.  Isolation  of  nearly  pure  T*  LaDyCuO,  suggests  that  RE 
cation -ordering  may  be  playing  a  role  in  its  stabilization. 

An  investigation  of  La.  l5.xNd,Sr  lsCu04  and  Nd||s.xLa  Ce  ,5Cu04  systems 
revealed  that  Vie  T  and  T1  phases  are  stabilized  electronically  by  doping.  The 
T-structure  is  stabilized  only  by  hole  doping,  whereas  the  T-structure  is  stabi¬ 
lized  only  by  electron  doping.  In  addition,  the  solid  solution  limits  of  the 
doped-phases  could  be  extended  by  employing  high-pressure  (40-70  kbar)  during 
synthesis.  It  was  found  that  the  critical  temperature  for  superconductivity  (Tc) 
decreased  gradually  with  increasing  Nd  content  in  La,  j^Nd^Sr  ,,Cu04,  but  that 
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substitution  of  La  for  Nd  in  Nd,  ^La^Ce  ,sCuO,  dia  not  significantly  affect 
T  The  importance  of  cation  size  ratio,  electronic  factors  and  oxygen  fugacity 
for  the  crystal  chemistry  and  superconductivity  of  these  systems  will  be  presented 
and  discussed. 


M6.3 

A  THERMOCHEMICAL  INVESTIGATION  OF  THE  La-Sr-Cu-0  SYSTEM, 
Joseph  Bularrlk  and  Alexandra  Navrotsky ,  Princeton 
University,  Princeton,  NJ;  and  Bruce  Scott,  Joe  Bringley 
and  Steve  Trail,  IBM  Thonas  J.  Watson  Research  Center, 
Yorktown  Heights,  NY. 

The  perovskite  related  LajCuOt  oxides  substituted  with 
alkali  earth  netals  were  one  of  the  first  classes  of  high 
temperature  superconductors  discovered.  As  with  many  of 
the  high  temperature  superconductors  the  crystal 
structure  is  well  known  and  there  are  many  studies  on  the 
electronic  and  magnetic  properties .  The  thermodynamic 
properties  are  also  very  important  to  understand  the 
ability  and  superconducting  mechanism  of  these 
structures . 

Solution  calorimetry  using  a  lead  borate  solvent  has  been 
performed  on  La2CuO(  and  the  related  Sr  substituted 
oxides.  The  variation  of  the  heat  of  solution  with  the 
Sr  content  will  be  discussed.  Calorimetric  measurements 
on  the  oxide  components  (CuO,  Laj  Oj  ,  La(OH)j ,  SrCOj) 
yield  heats  of  formation. 

The  oxygen  content  in  the  superconducting  phases  can  be 
varied,  changing  the  properties,  the  for  example.  An 
accurate  analysis  is  necessary  for  meaningful  thermo¬ 
dynamic  data.  X-ray  analysis,  iodometric  titrations  and 
TGA  were  used. 

M6.4 

STRUCTURAL  AND  MAGNETIC  PROPERTIES  OF  UNTWINNED  YBa2Cu3064, 
SINGLE  CRYSTALS.  Debra  L.  Kaiser.  Frank  W.  Gayle,  Lydon  J. 
Swartzendruber  and  Winnie  Wong-Ng,  National  Institute  of 
Standards  and  Technology,  Gaithersburg.  MD  20899;  and 
Steven  F.  Watkins  and  Frank  R.  Fronczek,  Dept,  of 
Chemistry,  Louisiana  State  University,  Baton  Rouge,  LA 
70803. 

We  have  developed  a  thermomechanical  process  for  the 
complete  removal  of  twins  from  YBa2Cu306 „  single  crystals. 
Single  crystal  x-ray  diffraction  studies  on  untwinned 
crystals  with  superconducting  transitions  at  54  and  91  K 
have  revealed  that  oxygen  atoms  in  the  0(4)  positions  in 
the  basal  plane  are  offset  from  the  crystallographic  mirror 
plane  in  the  g  direction,  leading  to  "zig-zag''  Cu-0  chains. 
Other  structural  features  will  be  described  in  detail. 
Preliminary  magnetic  susceptibility  measurements  on 
untwlnned  crystals  have  shown  that  twin  boundaries  are  not 
the  principal  flux  pinning  sites  in  this  material. 
Anisotropy  in  the  magnetic  properties  along  the  4,  fe  and  £ 
crystallographic  directions  will  be  discussed. 


M6. 5 

Ba2YCu307_6  CRYSTAL  SURFACE  LAYERS;  ORTHORHOMBIC 
SPLITTING,  DISLOCATIONS,  AND  CHEMICAL  ETCHING. 
D.J.Werder,  C.  H.  Chen,  M.  Gurvitch,  B.  Miller,  L.  F.  Schneemeyer  and 
J.  V.  Waszczak,  AT&T  Bell  Laboratories,  600  Mountain  Avenue, 
Murray  Hill,  NJ  07974. 


We  find  by  transmission  electron  diffraction  that  the  orthrhombic 
splitting  of  the  upper  surface  layers  (<  1  pm)  of  single  crystal 
Ba2YCu307_j  is  reduced,  differing  by  10  to  30  percent  from  the  bulk 
value.  We  also  find  by  transmission  electron  microscopy  that  in  general 
the  surfaces  are  of  inferior  quality,  and  thus,  not  representative  of  the 
bulk.  These  results  have  important  consequences  for  those  experiments 
that  probe  only  the  upper  surface  layers.  By  etching  with  Br/ethanol 
and  HCfOa/NaCfO*  the  poor  quality  surfaces  are  removed. 


M6.6 

STRUCTURAL  PHASE  DIAGRAM  AND  SUPERCONDUCTING 
BEHAVIOR  IN  THE  Ba].xKxBi03  SYSTEM.  J.  D.  Jorgensen, 
Shiyou  Pei,  D.  G.  Hinks,  B.  Dabrowski,  D.  R.  Richards,  A.  W. 
Mitchell,  and  D.  T.  Marx,  Materials  Science  Division, 

Argonne  National  Lab.,  Argonne,  IL  60439;  and  S.  K. 

Sinha,  J.  M.  Newsam,  D.  Vaknin,  and  A.  J.  Jacobson,  Exxon 
Research  and  Engineering  Co.,  Annandale,  NJ  08801. 

We  have  determined  the  structures  of  five  phases  in  the 
Baj.xKxBi03  system  for  0<x<0.5  and  temperatures  of  10  to 
500  K.  Superconductivity  occurs  only  in  a  cubic  perov¬ 
skite  phase  for  x>0.37.  Tc  is  30  K  at  the  phase  boundary 
and  decreases  with  increasing  x  until  a  solubility  limit  for 
K  is  reached  near  x=0.5.  For  decreasing  x,  at  room  tem¬ 
perature,  the  cubic  phase  transforms  first  to  an  ortho¬ 
rhombic  Ibmm  phase  and  then  to  a  monoclinic  12/m 
phase  involving  rotational  and  then  breathing-mode  dis¬ 
tortions  of  the  Bi06  octahedra,  respectively.  The  occur¬ 
rence  of  semiconducting  behavior  in  the  Ibmm  phase, 
where  only  rotational  distortions  are  present,  cannot  be 
explained  on  the  basis  of  conventional  band  theory  and 
raises  intriguing  questions  about  the  existence  of  local  or 
fluctuating  Bi  charge  disproportionation  which  could  play 
an  important  role  in  the  superconducting  behavior. 

M6.7 

ELECTRON-PHONON  COUPLING  IN  SUPERCONDUCTING 
Bai.xKxBi03:  A  RAMAN-SCATTER1NG  STUDY.’  K,  F,  McCarty. 
Sandia  Nat.  Lab.,  Livermore,  CA;  H.  B.  Radousky,  Lawrence  Livermore 
Nat.  Lab.,  Livermore,  CA;  D.  G.  Hinks,  Y.  Zheng,  and  A.  W.  Mitchell, 
Argonne  Nat.  Lab.,  Argonne,  IL;  T.  J.  Folkerts  and  R.  N.  Shelton,  U.C- 
Davis,  Davis,  CA. 

The  isotropic  perovskite  Ba].xKxBi03  has  been  studied  at  temperatures 
down  to  4  K  by  use  of  Raman  spectroscopy.  Polycrystalline  samples  were 
prepared  by  two  different  methods  and  characterized  by  x-ray  diffraction  and 
magnetization  measurements.  Selected  samples  were  characterized  by 
neutron  diffraction.  The  superconducting  phases  (0.375  <xS  0.5)  are  cubic 
with  Tc's  approaching  30  K.  The  Raman  spectra  of  these  phases  are  a 
combination  of  intense  electronic  scattering  and  disorder-induced  phonon 
scattering.  The  noncubic  Bai-xKxBiC>3  phases  (0  <  x  <  0.375)  have  an 
additional,  intense  Raman  peak  at  569  cm-'  arising  from  the  breathing-mode 
vibration  of  the  oxygen  octahedra.  All  Bai.xKxBiC>3  phases  have  a  Raman 
band  around  325  cm-1  associated  with  an  optical  phonon  dominated  by 
oxygen  vibration. 

As  superconducting  Bao.6Ko.4®i03  is  cooled,  the  phonon  band  at  348  cm-' 
(43  meV)  develops  the  distinctive  Fano  lineshape.  This  lineshape  occurs 
when  scattering  from  an  electronic  continuum  interferes  with  scattering  from 
a  discrete  phonon.  Observation  of  a  Fano  lineshape  is  persuasive  evidence 
for  strong  coupling  between  the  phonon  and  electronic  states.  Significantly, 
the  same  phonon  was  not  observed  to  be  strongly  coupled  to  the  electronic 
states  for  nonsuperconducting  Bao.8Ko.2B>03  at  temperatures  down  to  4  K. 
The  strong  coupling  of  the  optical  phonon  at  348  cm_3  is  suggestive  of 
phonon  involvement  in  the  superconducting  state.  Interestingly,  electron- 
phonon  coupling  has  been  reported  in  the  literature  at  nearly  the  identical 
frequency  (340  cm-1)  for  the  triple  perovskite  YBa2Cu3<>7  as  observed  here 
for  the  Bi-based  perovskite. 

‘Supported  by  the  USDOE,  OBES,  Div.  of  Mat.  Sciences  under  contracts 
DEAC04-76DP00789  (SNL)  and  W-31-109-ENG-38  (ANL)  and  USDOE 
under  contract  W-7405-ENG-48  (LLNL  and  UC-Davis). 
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Me.  8 

MAGNETIZATION  MEASUREMENTS  OF  5  pm  BaogK^BiOa 
CRYSTALS:  APPROACH  TO  INTRINSIC  BEHAVIOR  WITH 
DECREASING  SIZE?  G.  S.  Grader,  A.  F.  Hebard  and  L.  F. 
Schneemeyer,  AT&T  Bell  Labs,  Murray  Hill,  NJ  07974. 

Magnetization  measurements  on  cubic  Bao  6K0  <Bi03  crystals, 
approximately  5  pm  in  size,  have  been  obtained  using  a  recently- 
developed  electrodynamic  force  balance  technique.  In  the  presence 
of  a  fixed  magnetic  field  gradient,  a  uniform  magnetic  field  is 
ramped  and  the  initial  field,  HC\(T),  at  which  flux  enters  the  levi¬ 
tated  crystal  is  determined  as  a  function  of  temperature.  The 
onset  of  flux  entry  is  marked  by  a  pronounced  deviation  from  a 
linear  magnetization  together  with  a  noticeable  reorientation  of 
the  crystal  near  H  “  0,  a  reorientation  caused  by  a  field-induced 
torque  on  the  remanent  moment.  The  dependence  of  ffcl  on  tem¬ 
perature  is  linear  over  the  temperature  range  7K<T<30K  with  a 
slope  approximately  a  factor  of  three  higher  than  published  values. 
These  higher  values  of  Hcl  imply  either  intrinsically  cleaner 
material  with  a  reduced  Ginzburg-Landau  parameter  tz  or  higher 
surface  critical  fields.  In  addition,  our  failure  to  observe  time- 
dependent  flux  creep  (with  a  resolution  of  100  ms  after  applying  a 
field)  is  to  be  contrasted  with  published  results  on  polycrystalline 
material  where  flux  creep  is  detectable  at  significantly  longer 
(hours)  time  scales.  These  results,  a  higher  Hcl  and  extremely 
rapid  flux  entry,  suggest  that  the  intrinsic  properties  of  high-Tc 
superconductors  may  be  more  accurately  reflected  in  small  crystals 
which  are  more  likely  to  be  of  higher  quality  than  larger  crystals. 

M6.9 

HIGH  TEMPERATURE  NEUTRON  DIFFRACTION  STUDY  OF 
THE  FORMATION  REACTION  OF  BISMUTH 
SUPERCONDUCTORS.  M.  F,  Garbauskas  and  R.  H.  Arendt, 
General  Electric  Company,  Corporate  Research  and 
Development,  P.  O.  Box  8,  Schenectady,  NY  12301,  J. 

D.Jorgensen  and  R.  L.  Hitterman,  Argonne  National 
Laboratory,  9200  S.  Cass  Ave.,  Argonne,  IL  60439-4814  . 


A  number  of  species  have  been  identified  in  the  (Bi.Pb)-Ca-Sr- 
Cu-0  system  which  superconduct  with  transition  temperatures 
ranging  from  -10  to  -1 10K.  The  mechanism  of  the  formation  of 
these  different  compounds  is  not  well  understood.  Further,  it  is 
not  know  if  the  species,  both  superconducting  and  non¬ 
superconducting,  observed  at  room  temperature  are  the  same 
as  those  existant  at  the  formation  temperatures.  The  course  of 
the  chemical  reaction  of  the  11  OK  superconducting  compound 
was  followed  using  high  temperature  neutron  diffraction.  The 
identity  and  evolution  of  the  phases  formed  during  the  reaction 
will  be  discussed. 


This  work  has  benefitted  from  the  use  of  the  Intense  Pulsed 
Neutron  Source  at  ANL  which  is  funded  by  DOE,  BES- 
Materials  Science,  Contract  W-31-109-ENG-38. 


M6.10  ABSTRACT  NOT  AVAILABLE 
M6.ll 

INFRA-RED  INVESTIGATIONS  ON  THE  LATTICE  INSTABILITY  OF 
SINGLE  PHASE  (Bi  ,Pb)  >Sr  iCa^uiO,,,,  SUPERCCNDUTTING  CERAMIC. 
He  Alsheng,  North  University  of  Technology, Bel ) lng,  China; 
Zhang  Jincang  and  Chang  Fanggao,  Henan  Normal  University, 
Xlnxlang,  China;  Xiang  Jlong  and  He  Yusheng,  Tslnghua 
University,  Beijing,  China 

Tenperature  dependent  Infra-red  absorption  experiments 
were  conducted  on  a  single  phase  (Bi  ,Pb),SrjCaiCuiO,j+x 
sanple.  Typical  spectra  showed  that  three  absorption  peaks 


can  be  seen  at  293  K.  The  one  at  610cm‘(Al)  Is  remarkable 
whereas  the  other  two  (A2=1020cml ,  A3  =  1490cm"')  are  small 
but  distinguishable.  The  peaks  keep  no  change  untill  205K, 
where  a  new  peak  A2 ' =900cm”1  appears .  It  Is  Interesting  to 
point  out  that  as  the  temperature  was  stablized  at 
203.540.5  K  for  more  than  30  minutes,  the  gradual  growth 
of  A 2‘  peak,  and  the  vanishing  of  A 2  peak  can  be  clearly 
seen,  irrplying  a  quasl-isothermal  process.  This  Is  in 
agreement  with  the  results  of  time  dependent  ultrasonic 
measurements  at  209.0+0. IK  on  the  similar  sanples,  in 
which  the  isothermal-like  changes  in  both  attenuation  and 
velocity  of  both  longitudinal  and  shear  waves  can  last 
for  more  than  20  minutes.  Specific  heat  anomalous  hirqp 
and  lattice  constants  anomalous  increases  appeared  also 
near  this  temperature,  indicating  a  possible  phase 
trasltlon  taking  place.  It  is  also  apparent  that  followed 
the  sudden  changes  both  A1 ,  A2‘  showed  rapid  fluctuations 
until  150-140K,  which  is  consistent  with  those  observed 
In  ultrasonic  and  x-ray  study.  Dmowksi  etal  proposed  a 
model  of  short-range  ordering  due  to  displacements  of  T1 
(or  Bi  In  our  case)and  O  atoms  [Phs.  Rev.  Lett.  61 ( 1989 ) 
2608).  Such  displacements  of  BI  and  O  atoms  might  take 
place  at  about  200K,  leading  to  the  structure  phase 
transition  and  the  tunneling  motion  of  the  atoms  between 
their  two  equlvallent  positions  could  result  In  the 
observed  unstable  behavior  between  200-150K. 

M7.1 

ELECTRONIC  STRUCTURE  CALCULATIONS  OF  THE  COPER-OXYGEN 
PLANES  IN  YBa^Citj 0g+y  FOR  0<  Y  <  1.  X.  V.  Cogordan. 

Instituto  de  Investigaciones  en  Materiales, 
Universidad  Nacional  Autdnona  de  MAxico,  Apdo.  Postal 
70-360,  04510  Mexico  D. F. ,  Mexico. 

Molecular  ab  initio  self-consistent  field 
calculations,  on  clusters,  simulating  the  copper-oxygen 
planes  in  the  YBagCUgOg^  are  reported.  The  changes  in 

the  electronic  structure  are  studied  as  a  function  of 
the  variation  of  the  lattice  parameters  due  to  oxygen 
concentration,  0  <  y  <  1. 

Open  and  Closed  shell  calculations  are  performed,  and 
it  is  found  that  the  open  shell  states  are 
energetically  favored  for  .  4  <  Y  <  .9. 

M7.2 

ON  THE  NATURE  OF  HOLES  IN  YBa2Cu307-x 

E.E.  Alp,  J.C.  Campuzano,  G.  Jennings.  J.  Guo,  L.  Beaulaigue, 
S.M.  Mini,  Argonne  National  Laboratory,  Argonne  IL  60439; 

M.  Faiz,  Y.  Zhou,  University  of  Illinois  at  Chicago,  P.O.  Box  4348, 
Chicago,  IL  60680;  J.Z.  Liu,  Northwestern  University,  Evanston, 
IL  60201. 

Angle-resolved  oxygen  K-edge  x-ray  absorption  spectroscopy 
measurements  were  performed  on  single  crystals  of 
YBa2Cu307-x  .  The  crystals  were  cleaved  in  situ,  under  ultra- 
high  vacuum,  while  the  sample  stage  was  cooled  to  20K. 
Measurements  were  carried  out  both  at  low  temperature  and  at 
room  temperature.  It  was  found  that  there  are  two  distinct 
transitions  between  526  and  531  eV.  The  peaks  in  YBa2Cu307-x 
show  strong  orientation  dependence,  as  well  as  an  energy 
dispersion  of  2eV.  One  of  the  peaks  disappears  after  the  sample 
is  heated  to  room  temperature.  Comparison  of  the 
experimental  results  to  a  transition-state  calculation  of  the 
absorption  cross  section  shows  good  agreement  with  the  data.  It 
is  found  that  there  are  holes  of  s-symmetry  on  all  Cu-O  bonds. 

Work  supported  by  U.S.  DOE,  BES-Materials  Sciences  Contract 
4W-31-1 09-ENG-38 
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M7.3 

BAND  DISPERSION  AND  THE  FERMI  SURFACE  OF 
YBa2Cu306.9 

T.C.  Campuzano.  G.  Jennings,  M.  Faiz,  L.  Beaulaigue,  B.W.  Veal, 
A.P.  Paulikas,  J.Z.  Liu,  H.  Claus,  K.  Vandervoort,  Argonne 
National  Laboratory,  Argonne,  IL  60439;  A.J.  Arko,  R.S.  List, 
R.J.  Bartlett,  S.W.  Cheong,  Los  Alamos  National  Laboratory,  Los 
Alamos,  NM  87545;  C.G.  Olson,  A.B.  Yang,  R.  Liu,  C.  Gu,  Ames 
National  Laboratory,  Ames,  IA  50011 

VUV  Photoemission  spectroscopy  measurements  of 
YBa2Cu306.9  single  crystals  cleaved  in  situ  while  cooled  to  20K  in 
ultra-high  vacuum  were  carried  out.  Under  these  conditions, 
oxygen  loss  is  minimised,  and  the  surface  is  representative  of  the 
bulk  superconductor.  The  measurements  reveal  that 
YBa2Cu306.9  is  a  good  metal,  while  YBa2Cu3C>6  is  a  highly 
correlated  insulator.  The  bands  show  dispersions  in 
YBa2Cu3C>6.9  as  large  as  0.22  eV,  in  agreement  with  band 
structure  calculations  using  the  local  density  approximation. 
The  bandwidth  is  also  in  good  agreement  at  the  centre  of  the 
Brillouin  zone.  By  monitoring  the  dispersion  of  the  bands  as 
they  cross  the  Fermi  energy,  the  Fermi  surface  is  mapped.  The 
Fermi  surface  so  obtained  shows  good  agreement  with  the 
predictions  of  LDA  band  structure  calculations,  and  also  shows 
good  agreement  with  the  Fermi  surface  measured  by  positron 
annihilation  experiments 

Work  supported  by  U.S.  DOE,  BES-Materials  Sciences  Contract 
#W-31-109-ENG-38 

M7.4 

HIGH  TEMPERATURE  CERAMIC  SUPERCONDUCTORS  AND  EXACT  SOLU¬ 
TIONS  OF  THE  NON-LINEAR  LANDAU-C INZBURG  EQUATIONS.  Jack  A. 
Tuszynskl,  University  of  Alberta,  Edmonton,  Canada;  and 
John  M.  Dlxori,  University  of  Warwick,  Coventry,  U.K. 

A  direct  link  has  been  established  between  an  effective 
microscopic  BCS  Hamiltonian  and  a  Landau-Glnzburg  (LG) 
order  parameter  description  of  both  standard  and  high  tem¬ 
perature  superconductors.  Using  very  recent  mathematical 
discoveries,  which  have  used  the  Symmetry  Reduction  Method 
to  find  exact  solutions  of  highly  non-linear  partial 
differential  equations,  we  have  found  a  complete  set  of 
one-dlmenslonal  analytical  solutions  of  the  equation  of 
state  for  the  LG  free  energy  density.  This  has  been  done 
both  In  the  absence  and  presence  of  superconducting 
currents.  For  the  two-dimensional  case  we  have  provided 
asymptotic  and  approximate  expressions. 

We  distinguish  two  qualitatively  distinct  types  of  beha¬ 
viour.  When  the  effective  mass  of  the  Cooper  pairs,  m*>0, 
we  find  a  mean  field  ground  state,  homogeneous  in  space, 
which  corresponds  to  standard  superconductor  theory;  when 
m*<0  the  ground  state  Is  highly  Inhomogeneous  and  leads  to 
a  penetration  field  which  Is  periodically  damped  and  much 
larger  In  high  Tc  materials.  In  this  latter  case  the 
dependence  of  the  critical  current  may  take  a  variety  of 
forms  as  a  function  of  reduced  temperature  and  the  coher¬ 
ence  length  Is  orders  of  magnitude  shorter,  as  observed. 
We  conjecture  that  to  explain  high  temperature  supercon¬ 
ductivity  one  should  assume  m*<0  and  close  to  T«TC 
»**»o(T-T£).  •*  that  the  normal-to-superconductlng  transi¬ 
tion  is  driven  by  the  temperature  dependence  of  the  effec¬ 
tive  mass.  In  this  case  the  mean  field  coefficient  A,  In 
the  vicinity  of  T“T£ ,  would  then  only  be  weakly  tempera¬ 
ture  dependent. 


M7.5 

HOLE  CONCENTRATION  AND  SUBSTITUTIONAL  DISORDER 
IN  COMPENSATION  DOPED  NdBa2Cu3Oy  T.  Penney,  M.  W.  Shafer, 
and  B.  L.  Olson,  IBM  Research  Division,  T.  J.  Watson  Research  Center, 
Yorktown  Heights,  NY  10598  USA 

The  purpose  of  this  work  is  to  determine  the  effects  of  hole  concentration 
and  substitutional  disorder  on  the  transition  temperature,  Tc  in  high 
temperature  superconductors,  by  several  compensation  doping  exper¬ 
iments.  In  order  to  obtain  reliable  hole  concentrations  we  have  measured 
the  total  holes  by  iodometric  titration  and  the  mobile  holes  by  the  llall 
effect.  The  Hall  constant  for  YBa2Cu3Oy  is  temperature  dependent,  so  the 
hole  concentration  is  undetermined,  by  Mall  measurements  alone.  We 
have  found  that  for  various  substitutions  of  the  form 
Nd(1+>)_cCacBa2_1Cu3_jZnjOy  with  all  Y  replaced  by  Nd,  the  temperature 
dependence  of  the  Hall  constant  is  small  at  I00K  so  a  unique  Hall  num¬ 
ber  is  determined.  We  find  that  the  Hall  number  correlates  well  with  the 
number  of  mobile  holes  on  the  planes  as  calculated  from  the  total  chem¬ 
ical  holes  by  the  recipe  of  Tokura  et  al.  From  our  work  and  the  work  of 
others,  for  a  variety  of  materials  with  the  YBa2Cu3Oy  structure,  there  is 
a  dome  shaped  master  curve  ofTc  vs  hole  concentration,  with  a  maximum 
at  about  90K  and  0.2  holes  /  plane  Cu. 

We  have  made  several  double  doping  experiments  to  test  the  validity  and 
form  of  the  master  curve  and  to  compare  substitutions  on  and  off  the 
Cu-O  planes.  Substitution  of  Nd  for  Ba  reduces  the  number  of  mobile 
holes  and  Tc  .  However  when  Ca  compensates  for  some  of  the  Nd,  the 
number  of  mobile  holes  and  Tc  increase.  In  YBa2Cu3_,Zn,Oy  the  number 
of  holes  increases  and  Tc  decreases  but  one  can  not  separate  the  effect  of 
the  hole  concentration  from  that  of  the  disorder  due  to  Zn  at  least  par¬ 
tially  on  the  Cu-O  planes.  Our  new  compensation  system  is 
Nd,  ,Ba,  ,Cu3_zZnzOy  which  lies  on  the  left  side  of  the  dome.  With  in¬ 
creasing  Zn,  holes  and  Tt  initially  increase  following  the  master  curve,  but 
then  between  z  =  0.01  and  0.05  falls  20K  below  the  curve,  unambig¬ 
uously  showing  the  effect  of  substitutional  disorder. 

M7.6 

ELECTRONIC  STRUCTURES  OF  Ga-  AND  Zn-  SUBSTITUTED  YBa^u^ 

SUPERCONDUCTORS*.  Yong-nlan  Xu  and  W.  Y.  Chlng,  University  of 
Missouri -Kansas  City;  Department  of  Physics,  Kansas  City,  Mo 
64110;  K.W.  Wong,  Unlveslty  of  Kansas,  Lawrence,  Ks  66045 

The  electronic  band  structures  of  YBazCuaOr  superconductor 
In  which  one  of  the  Cu  atom  was  replaced  by  Ga  or  Zn  have 
been  studied  by  means  of  the  first-principles  orthogonal lzed 
LCAO  method.  Both  cases  of  substitution  Involving  the  Cu  on 
the  chain  site  and  the  Cu  on  the  plane  site  were 
investigated.  Our  results  show  significant  modifications  in 
the  elctronlc  strucure  due  to  the  site-specific 
substitution.  The  Ga  substitution  reduces  the  density  of 
states  (DOS)  at  the  Fermi  level  by  more  than  a  factor  of  2. 
For  the  Zn  substitutions,  the  reductions  of  DOS  at  the  Fermi 
level  are  smaller.  Ga  substitution  at  the  chain  site  results 
in  the  complete  removal  of  the  one  dimensional  chain  band 
near  and  above  the  Fermi  level.  These  and  other  results  will 
be  discussed  together  with  current  experimental  observations 
on  substituted  YBa2Cua07  samples. 

*  Supported  by  DOE  Grant  No.  DE-FG02-84ER451 70 

M7.7 

STUDIES  OF  THE  ELECTRONIC  STRUCTURE  OF  HTSC  AND  RELATED 
COMPOUNDS  BY  X-RAY  PHOTOELECTRON  SPECTROSCOPY.  S.  Hyhra . 

A . E .  Bocquet,  J.F.  Dobson  and  P.C.  Healy,  Griffith 
University,  Queensland,  Australia:  P.  Goodman  and  t.j. 
White,  Melbourne  University,  Victorie.  Australia:  A.M 
Stewart  and  J.G.  Thompson.  Australian  National  University. 
ACT,  Australia. 

A  range  of  HTSC  compounds  have  been  studied  by  XPS 

(Laj-«(Sr,Ba),Cu0«,  RE-1-2-3.  Bi-2-2-0-1.  Bi-2-2-1-2  and 

Tl-2-2-1-2) .  It  is  found  that  low  binding  energy 

contributions  to  the  0  Is  and  alkaline  earth  (Ca.Sr.Ba) 
core  photoelectron  lines  are  features  common  to  all  these 
compounds.  The  observations  are  consistent  with  initial 
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state  screeninc  aechanisas.  The  additional  charge  on  or 
near  the  alkaline  earth  sites  should  be  very  polarizable, 
This  aay  either  cause  electron  or  hole  pairing  in  other 
layerB  of  the  coapound,  or  aay  enhance  a  tendency  to  pair 
by  soae  other  aechanisa.  The  structurally  related 
Aurlvlllius  phases  and  the  Ca(Ba,Sr)TiO,  perovskltes  which 
are  insulators,  do  not  exhibit  these  features.  However, 
the  coapound  Lai.xSrxCoOj,  which  Is  "aetalllc"  but  not 
superconducting,  also  have  low  binding  energy  0  is  and  Sr 
3d  coaponents.  Thus  it  aay  be  that  these  XPS  fingerprints 
are  characteristic  of  the  wider  class  of  "aetalllc"  oxides, 
and  are  necessary,  but  not  sufficient,  indicators  of  HTS . 

These  studies  have  recently  been  extended  to  the 
REi-«Ce»CuO«  compounds  (RE-Pr.Sa  and  Nd).  Results  for 
semiconducting  as  well  as  e-  and  p-type  HTSC  preparations 
will  be  reported. 


M7.8 


THE  EFFECT  OF  MAGNETIC  FIELD  ON  THE  CRITICAL 
CURRENT  DENSITY  OF  BULK  SUPERCONDUCTING 
WIRES.  M.  T.  Lanagan.  U.  Balachandran,  C.  A.  Youngdahl, 
J.  T.  Dusek,  J.  J.  Picciolo,  and  R.  B.  Poeppel,  Argonne 
National  Laboratory,  Argonne,  EL. 

Bulk  YBa2Cu30  7_x  (YBCO)  wires  were  fabricated  by  a 
conventional  extrusion  technique  and  sintered  above  900°C. 
Critical  current  density  (Jc)  was  measured  as  a  function  of 
applied  magnetic  field  at  77  K  and  was  found  to  decrease 
significantly  at  fields  below  100  G.  Such  degradation  of  Jf  has 
been  attributed  to  weak  link  behavior  at  the  grain  boundaries. 

Two  different  diameter  wires  were  processed  identically,  and 
the  smaller-diameter  wire  had  the  higher  Jc.  It  has  been 
suggested  that  magnetic  fields,  which  are  generated  by 
electrical  current,  limit  the  current-carrying  capacity  of  the 
wire.  Magnetic  fields  on  the  order  of  10  G  have  been  generated 
by  currents  in  bulk  wire,  and  fields  of  this  magnitude  have 
been  observed  to  significantly  decrease  Jc. 

A  YBCO  tube  was  fabricated  and  a  copper  wire  was  placed 
down  the  center  of  the  tube.  A  concentric  magnetic  field  was 
generated  by  a  current  in  the  wire  and  could  interfere 
constructively  or  destructively  with  the  magnetic  field  in  the 
tube.  Jc  increased  bv  10%  when  the  current  in  the  YBCO  tube 
was  opposite  to  the  current  in  the  copper  wire.  The 
enhancement  of  Jc  was  attributed  to  the  partial  cancellation  of 
the  magnetic  field  in  the  YBCO  tube. 

Work  supported  by  the  U.  S.  Department  of  Energy,  Office  of 
Energy  Storage  and  Distribution,  Conservation  and  Renewable 
Energy,  under  Contract  W-31-109-Eng-38. 

M7.9 

Sandwich  Excitons  as  the  Mechanism  of  Superconductivity 
in  Cuprates  and  Bismuthates . »  Brent  A.  Richert,  De¬ 
partment  of  Physics,  US  Air  Force  Academy.  Colorado 
Springs,  Colorado  80840;  Ewald  Schachinger,  Institut 
tur  Theoretische  Physik,  Technische  Universitat  Graz, 

Austria;  and  Roland  E.  Allen.  Department  of  Physics, 

Texas  A&M  University,  College  Station,  Texas  77843. 

We  consider  an  exci tonic  model  in  which  the  electron  is 
localized  in  a  d  orbital  on  a  metal  site,  and  the  hole 
is  in  a  linear  combination  of  £  orbitals  on  the 
surrounding  oxygen  sites,  with  both  electron  and  hole 
in  an  insulating  LaO,  BaO,  etc.  layer  adjacent  to  a 
metallic  CuO^  or  BiO^  plflne-  Even  for  rather  large 
effective  dielectric  constants,  some  of  the  excitons 
are  found  to  be  tightly  bound  gnd  consequently  to  have 
sizable  transition  densities  a  (x)/5.  (x).  We  calculate 
the  attractive  carrier -carrier  interaction  V(q),  and 
use  it  to  estimate  the  superconducting  T  as  a  function 
of  the  parameters  in  the  model.  This  excitonic  mecha¬ 


nism  appears  to  provide  a  natural  and  consistent  inter¬ 
pretation  of  high- temperature  superconductivity  in  both 
the  cuprates  and  bismuthates . 

■^Supported  by  Office  of  Naval  Research  (N00014- 82-K- 
0447) . 

M7.10 

AC  SUSCEPTIBILITY  STUDIES  OF  THE  HIGH  Tc 
SUPERCONDUCTORS:  DISSIPATIVE  EFFECTS  IN  THE 
LA2.xSRxCU04_y  AND  YBA2CU307.y  SYSTEMS.  Xinsheno  Ling 
Mark  Filipkowski,  Joseph  I.  Budnick,  Department  of 
Physics  &  Institute  of  Materials  Science,  Univ.  of 
Connecticut,  Storrs,  CT. 

We  present  ac  susceptibility  results  of  the 
La  2.XS  rxC  u  O  4.y(2-1-4):  x-0.07,  0.1  and  the 
YBa2Cu307.y(1-2-3)  high-Tc  superconductors.  The  data 
of  the  out-of-phase  component  %*  of  the  susceptibility  in 
zero  field  of  sintered  solids  of  the  two  systems  show 
that  the  energy  dissipation  below  Tc  is  very  large  in  the 

2- 1-4  materials  but  very  small  in  the  1-2-3  materials, 
we  discuss  the  possible  origins  of  this  difference 
between  the  2-1-4  and  the  1-2-3  systems  based  on 
several  models  in  high  Tc  superconductivity. 

M7.11 

TRANSPORT  CRITICAL  CURRENT  OF  SINTERED  YBa2Cu30x  IN  TIME- 
VARYING  MAGNETIC  FIELDS.  PD  Hambourqer,  J.  DiCillo,  M. 
Gibberman,  J.  Marino,  L.  P.  Valek,  Cleveland  State  Univ., 
Cleveland,  OH  44115;*  and  Michael  A.  Centanni ,  Ferro  Cor¬ 
poration,  Independence,  OH  44131. 

Susceptibility  data  by  many  authors1  suggest  that  oscil¬ 
lating  (10  Hz-10  kHz)  magnetic  fields  are  more  effective 
in  penetrating  bulk  YBCO  than  are  static  fields  of  the 
same  magnitude.  If  so,  transport  critical  current  (Jc) 
might  be  more  severely  reduced  by  time-varying  fields  than 
by  static  fields.  We  have  measured  direct-current  four- 
lead  Jc  in  sintered  samples  at  77  K  using  steady  and  sinu¬ 
soidal  ly-time-dependent  (5-100  Hz)  magnetic  fields  of  up 
to  40  G  -  sufficient  to  suppress  Jc  to  %20»  of  its  zero- 
field  value.  The  field  was  oriented  either  parallel  or 
perpendicular  to  the  current.  In  all  cases,  the  magnetic 
field  strength  required  for  a  given  reduction  of  Jc  was 
independent  of  frequency  to  within  t-10%.  Data  taken  at 
lower  temperatures  and  with  non-sinusoidal  fiel d  waveforms 
will  be  presented. 

‘Supported  in  part  by  the  Ohio  Board  of  Regents  Research 
Challenge  Program  and  by  NASA  (Grants  NCC-3-19  and  NAG- 

3- 873). 

^See,  for  example,  R.  B.  Goldfarb  et  al ,  Extended  Ab¬ 
stracts,  Symposium  S,  1987  Fall  Meeting,  Materials  Re¬ 
search  Society,  p.  261. 


K7.12 

INFLUENCE  OF  METALLIC  SILVER  INFILTRATION  ON  THE 
MICROSTRUCTURE  AND  TRANSPORT  PROPERTIES  OF  YBaCuO. 
I,  Rvelandt.  M.  Cassart,  A.  Vandenbosch,  F.  Delannay  and 
J-P.  Issi.  Unit6  de  Physico-Chimie  et  de  Physique  des 
Materiaux,  1  Place  Croix  du  Sud,  B-1348  Louvain-la-Neuve, 
Belgium, 

Wires  of  YBa2Cu30’j^  have  been  prepared  by  swaging  using 
silver  for  the  metal  sheat.  The  influence  of  the  heat-treatment 
conditions  on  the  microstructure  and  transport  properties 
(i.e.  thermal  conductivity,  thermoelectric  power  and  electrical 
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resistivity)  has  been  investigated.  The  same  measurements 
have  been  performed  on  bulk  samples  pressed  and  sintered 
between  two  silver  sheets. 

Due  to  the  infiltration  of  silver  into  the  superconductor, 
composite  materials  were  obtained.  The  electrical  resistivity 
was  found  to  decrease  by  more  than  one  order  of  magnitude.  It 
was  observed  that  the  presence  of  silver  inside  the  bulk  of  the 
superconducting  ceramic  affects  the  grain  growth  and  the 
porosity,  that  it  does  not  reduce  the  Tc  and  Jc  values,  and  that  it 
leads  to  a  very  small  contact  resistance  between  the  oxide  and 
the  metal. 

M7.13 

COMPARISON  OF  FLUX  DYNAMICS  IN  TWO  SAMPLES  OF  YBa2Cu307  WITH 
DIFFERENT  PINNING.  M.  Turchlnskava .  L.H .  Bennett,  L.J. 
Swartzendruber ,  A.  Roitburd,  C.K.  Chiang.  M.  Hill,  and  J.E. 
Blendell,  NIST,  Gaithersburg,  MD,  20899,  and  K.  Sawano, 

Nippon  Steel  Corp.,  Kawasaki  211,  Japan. 

The  flux  dynamics  in  two  samples  of  YBa2Cu307  with  very 
similar  equilibrium  superconducting  properties,  but  with 
substantially  different  pinning  structures,  are  compared. 

One  sample  was  produced  by  a  melt  growth  process1  (MGP)  and 
the  other  by  a  solid  state  reaction2  (SSR).  Measurements  by 
ac  susceptibility  with  an  applied  field  of  0.5  Oe  gave  sharp 
transitions  for  both  samples.  The  onset  temperatures  were  92 
K  with  transition  widths  (10%-90»)  less  than  2  K.  Both  were 
fully  diamagnetic  for  temperatures  less  than  about  85  K. 
Hysteresis  loops  and  magnetization  vs.  time  data  were 
obtained  at  various  temperatures  for  a  number  of  applied 
fields.  Magnetization  as  a  function  of  time  showed  the 
characteristic  ln(t)  behavior  for  both  samples.  At  low 
temperatures  (T  <  40  K)  dM/dln(t)  was  nearly  equal  for  both 
samples  and  was  a  linear  function  of  T.  Also  for  T  <  40  K 
hysteresis  loops  for  both  samples  were  well  described  by  the 
critical-state  model.  At  77  K,  the  SSR  sample  showed  large 
deviations  from  this  model,  whereas  the  MGP  sample  retained 
significant  pinning  and  was  still  describable  by  the 
critical-state  model.  The  MGP  sample  exhibited  attractive 
levitation  at  77  K.  There  is  also  a  large  difference  in 
transport  critical  current  at  this  temperature. 

1.  M.  Murakami,  M.  Morita,  K.  Doi  and  K.  Miyamoto,  Jpn.  J. 
Appl.  Phys.,  to  be  published. 

2.  J.S.  Wallace.  E.R.  Fuller,  Jr.,  A.S.  Raynes,  S.W.  Frelman, 
J.E.  Blendell,  M.  Balmer,  and  M.  Hill,  Proc.  TMS  Symposium 
on  High  Temperature  Superconducting  Oxides:  Processing  and 
Properties,  Las  Vegas,  March,  1989. 


M7.14 

FLUX  PINNING  AND  WEAK  LINK  STRUCTURE 
IN  CayCuiC^  doped  LnBa2Cu3C>7_y  (Ln=La,  Y)  . 

Fumio  Mizuno,  Hiromu  Masuda,  Izumi  Hirabayashi, 
and  Shoji  Tanaka, 

Superconductivity  Research  Laboratory,  Nagoya 
Division,  ISTEC,  2-4-1,  Mutsuno,  Atsuta-ku, 
Nagoya  456,  Japan. 

The  effect  of  Ca  doping  on  the  flux  pinning  and 
the  weak  link  structure  of  the  LnBa2CU307-y 
(Ln=La,  Y)  system  have  been  studied.  The 
magnitude  and  the  magnetic  field  dependence  of 
the  critical  current  density  were  improved  by 
Ca  doping.  A  small  amount  of  impurity  phases 
of  Ca-related  compounds  such  as  C«2Cul°3  may 
work  as  a  desireble  flux  pinning  center . 
Moreover,  it  was  found  that  the  current- 
temperature  characteristics  for  Ca-doped  samples 
showed  the  evidence  of  two  kinds  of  super- 
conductor  phases  which  have  different  transition 
temperatures  Tc  and  Tc'.  The  experimental  result 
agreed  well  with  the  Ambegaokar-Baratof f  theory 
for  asymmetric  Josephson  junctions  (S-I-S)  in 
the  temperature  range  of  T  <  Tc'  and  with 
proximity  junction  theory  (S-N-S)  in  the  range 
of  Tc'<  T  <  Tc. 


M7.15 

EASILY  ACTIVATED  FLUX  CREEP  AND  ANISOTROPIC 
FLUCTUATION  IN  NdCeCuO  THIN  FILMS  S.  Hatta, 
S.  Hayashi,  H.  Adachi  and  K.  Wasa  Central 
Research  Laboratories  of  Matsushita  Electric 
Industrial  Co.,  Ltd.,  Moriguchi,  Osaka  570,  JAPAN 


We  report  magnetic  properties  of  NdCeCuO  thin 
films  with  electron  doped  type.  For  the  film  of 
Nd.  a„Cen  i/5Cu1  the  sharp  transition  was 
obsArvid  udl422K; 'According  to  Bean6model,2Jc  at 
4.2K  was  estimated  to  be  10  A/ cm  .  In 
configuration  H  //c,  the  logarithmic  time 
dependence  of  diamagnetization  was  observed  below 
300  Oe.  The  activation  energy  could  be  estimated 
to  be  0.01  eV,  which  was  much  lower  than  other 
superconducting  films  with  hole  doped  type.  When 
H  was  increased  more  than  400  Oe,  the 
diamagnetization  did  not  show  any  smooth  time 
dependence,  but  it  revealed  largely  fluctuating 
change.  In  the  case  of  Hi  c,  definite 
diamagnetization  was  obtained  for  the  film 
thicker  than  the  penetration  depth.  Different 
from  the  H//c  configuration,  both  the  relaxation 
and  the  fluctuation  were  poor.  This  anisotropic 
field  effect  was  also  observed  in  the  temperature 
dependence  of  diamagnetizatio.. .  At  H=1k0e,  the 
diamagnetization  decayed  within  several  K  in  H//c 
configuration,  while  it  held  out  up  to  T  in  the 
case  of  Hxc.  Such  a  field  effect  seemed  to  be 
enhanced  in  the  NdCeCuO  films,  compared  to  other 
films.  This  suggests  that  the  flux  creep  might 
be  dominant  in  a  weak  field,  however,  that  the 
fluctuation  mechanism  caused  by  H  would  be  likely 
in  the  relatively  high  field. 


M7.16 

MAGNETIZATION  AND  FLUX  BEHAVIOUR  OF  YBa,  Cu:,  0-,  -  , 
SUPERCONDUCTING  RINGS.  Shoichi  Yokoyama.  Ken.j  i 
Shimohata,  Toshie  Ushijima  and  Tadatoshi  Yamada, 
Central  Research  Laboratory,  Mitsubi shi  Electric 
Corporation,  AMAGASAK 1 ,  HYOGO,  66 1  JAPAN 

The  magnetization  and  flux  creep  measurements 
at  77K  were  carried  out  for  the  ring  and  powder 
of  YBa, Cuj 07 - v .  Samples  of  YBajCujO,-,  rings 
(OD1 9x  I D1 3*  7mm)  were  made  by  the  sintering 
process.  The  magnetic  fields  of  central  region 
of  the  ring  were  measured  by  a  Hall  device.  In 
order  to  measure  the  flux  creep  of  the  samples, 
we  applied  the  external  fields  of  2kG  to  the 
samples,  and  decreased  the  fields  to  the  lower 
fields  between  zero  and  800G.  Samples  of  plates 
(♦13* 4mm)  were  made  by  cold-pressing  the  powder 
that  was  obtained  by  crushing  the  rings.  The 
Hall  device  was  set  between  the  two  plates.  The 
magnetization  and  flux  creep  of  the  plates  were 
measured  by  the  same  method  for  the  ring.  The 
critical  current  density(Jc)  of  about  200  A/cm* 
at  zero  external  field  for  the  rings  was 
estimated  by  hysteresis  of  the  magnetization. 
The  flux  creep  equation  is  given  by  Anderson 
and  Kim  model  as  M(t)/M(0)=l-kT/Uo  (In  t)  where 
k  is  Boltzmann's  constant,  T  is  temperature,  U0 
is  pinning  potential,  t  is  the  time  and  M(t)  is 
magnet! zation.  The  flux  creep  data  of  rings  and 
plates  were  almost  agreed  with  this  equation. 
The  pinning  potentials  U0  of  1.  2eV  for  the  ring 
and  0. 9eV  for  the  plate  at  zero  external  field 
were  obtained  from  the  flux  creep  data.  The 
dependence  of  Uo  on  external  field  for  the  ring 
was  greater  than  that  for  the  plate. 
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M7.17 

VORTEX  STRUCTURE:  LATTICE,  GLASS,  OR  LIQUID? 

Robert  J.  Soulen.  Jr.  S.A.  Wolf.  Naval 
Research  Laboratory,  Washington  ,  DC. 

Recent  measurements  of  the  dissipation  of  vibrating 
reeds  coated  with  cuprate  superconductors  in  a 
magnetic  field  have  been  interpreted  as  providing 
evidence  for  the  presence  of  new  phases  in  type  II 
superconductors:  flux  liquids  or  flux  glasses.  Further 
evidence  has  been  cited  on  the  basis  of  resistivity.  We 
present  data  and  a  model  which  suggest  that  a  more 
conventional  interpretation  in  terms  of  the  electro¬ 
dynamics  of  the  vortices  can  adequately  account  for 
all  the  observations. 

M7.18 

THE  UPPER  CRITICAL  MAGNETIC  FIELD  OF  SUPERCON¬ 
DUCTING  YBa2(Cu,.xNiI)307,  Youwen  Xu,  A.R.  Mooden- 
baugh,  and  M.Suenaaa.  Material  Science  Division, 
Brookhaven  National  Laboratory,  Upton,  NY  11973* 

The  upper  critical  magnetic  field  Hc2  of  a  series 
samples  of  YBa2 (Cu, . xNix) 307  is  measured.  Other 
related  parameters,  such  as  the  lower  critical 
magnetic  field  H,.,,  the  Ginsberg-Landau  parameter 
k  and  the  jump  In  the  specific  heat  dc/Tc,  are 
calculated.  Preliminary  results  show  thact  the 
temperature  dependence  of  the  magnetization  M (T) 
is  linear  from  a  few  degrees  below  Te  to  10  to 
12  K  below  Tc .  The  field  dependence  dM/dH(T)  near 
Tc  is  linear  with  a  constant  slope,  with  2%  of  Cu 
replaced  by  Ni,  the  value  of  He,  is  the  same  as 
the  non-substituted  sample.  While  the  value  of* 
increases  result  in  a  lower  Hcl. 

‘Supported  by  the  U.S.  DOE  office  of  Basic  Energy 
Sciences,  Division  of  Materials  Science,  under 
contract  No.  DE-AC02-76CH00016. 

M7.I9 

FLUX  LATTICE  MELTING  IN  ANISOTROPIC  HIGH  Tc  SU¬ 
PERCONDUCTORS.  R.S.  Markiewicz.  Physics  Department  and 
Barnett  Institute,  Northeastern  University,  Boston,  MA  02115 


The  Lindeman  criterion  for  flux  lattice  melting  in  a  uniaxially- 
anisotropic  superconductor  is  found  to  give  good  agreement  with 
experiment,  both  as  to  the  shape  of  the  melting  phase  diagram 
and  as  to  the  weak  anisotropy  of  the  transition.  Studies  of  the 
flux  lattice  dispersion  relations  reveal  further  interesting  features: 
a  ‘second  sound’  mode  and  a  magnetoroton-like  dip  in  the  helicon 
branch. 

M7.20 

HIGH  TEMPERATURE  DEFECT  CHEMISTRY  OF  UNDOPED  AND 
Ce-DOPED  NdjCuO^.  D.  J.  L,  Hong,  A.  Mehta,  and 
D.  M.  Smyth,  Materials  Research  Center,  Whitaker 
Lab  IS,  Lehigh  University,  Bethlehem,  PA  1801S. 

It  has  been  reported  that  Nd;  gsCeo  15CUO4  is 
superconducting  below  24  K  if’  it  is'  annealed  in  a 
reducing  atmosphere  (P(02)  <  10"*  atm)  at  1000°C 
[1].  This  study  correlates  the  high  temperature 
defect  structure  of  undoped  and  Ce-doped  NdjCuCL 
with  its  electrical  properties.  "  " 


Equilibrium  electrical  conductivities  of  undoped 
and  doped  samples  were  measured  as  a  function  of 
temperature  (500  <  T  <  900°C)  and  oxygen  partial 
pressure  (10“5  <  P(02)  <  1  atm).  Over  most  of 
the  measurement  region  undoped  Nd ^uO,  shows  an 
n-type,  semiconducting  behavior,  but  for  highly 
reducing  conditions,  i.e.,  below  10“3  atm  and 
900°C,  it  exhibits  metallic  behavior.  At  low 
temperaures  (<  500°C)  and  high  oxygen  partial 
pressure  (1  atm),  the  material  becomes  a  p-type 
semiconductor.  In  the  doped  material 
(Nd1.85Ceo.15 Cu04)  ,  the  carrier  concentration  is 
fixed  by  the  donor  concentration,  and  it  exhibits 
metallic  behavior. 

[1]  Y.  Tokura,  H.  Takagi,  and  S.  Uchida.  Nature, 
337,  345-347  (1989). 

(Supported  by  the  Division  of  Materials  Research, 
NSF,  and  the  Lehigh  University  Consortium  for 
Superconducting  Ceramics. 

M7.21 

TRANSPORT  AND  DIAMAGNETIC  PROPERTIES  OF  2:2:1 :2  AND 
2:2:2:3  (Bi.Pb)-Sr-Ca-Cu-O  SUPERCONDUCTING  MATERIALS.  R. 
Ibanez,  M.  J.  Sanchis,  F.  Sapiha,  D.  Beltran.  A.  Beltran,  UICBM,  Dpi. 
Quimica  Inorganics,  Universitat  de  Valencia,  C/Dr.  Moliner  50,  46100 
Burjassot  (Valencia),  Spain;  C.  Rillo,  J.  Bartolome,  F.  Lera,  R.  Navarro, 
ICMA,  CSIC-Universidad  de  Zaragoza,  50009  Zaragoza,  Spain;  G.  F. 
de  la  Fuente,  Fibertek,  Inc.,  510-A  Herndon  Parkway,  Herndon,  VA, 
USA. 

The  nature  of  the  high  Tc  superconductive  materials  makes  it  difficult  to 
densify  them  in  wire-like  form  while  maximizing  their  critical  current  den¬ 
sities.  We  have  recently  shown  that  the  Laser  Floating  Zone  (LFZ)  me¬ 
thod  allows  the  growth  of  oriented  polycrystalline  fibers  of  the  bismuth 
cuprate  superconductive  phases.  The  influence  of  the  precursor  composi¬ 
tion  and  its  preparation  technique,  as  well  as  the  effect  of  the  LFZ  growth 
parameters  and  post-growth  annealing  on  the  characteristics  of  the  resul¬ 
tant  fibers  bave  been  studied. 


Results  from  a  complete  study  of  the  evolution  of  the  transport  properties 
and  the  diamagnetism  of  ”2212''  and  "2223"  bismuth  cuprate  materials 
along  tbeir  preparation  procedure  (including  powder,  sintered  pellets  and 
fibers)  will  be  presented.  In  addition,  the  effect  of  Pb(Bi)  and  Ln(Ca) 
substitutions  will  also  be  discussed.  The  anisotropy  in  the  diamagnetic 
properties  of  the  fibers  has  been  carefully  determined  by  a.c.  magnetic 
susceptibility  and  magnetization  measurements,  and  the  results  will  be  re¬ 
lated  to  tbeir  composition  and  microstructure. 

M7.22 

CRITICAL  CURRENT  DENSITIES  IN  Bi-Sr  CaCu^g  ..  Shunji 
Nomura ,  Yutaka  Yamada,  Toaiohisa  Yamashita.  eriRo  Yoneda. 
Hisashi  Yoshino  and  Ken  Ando.  Reserch  and  Development 
Center,  Toshiba  Corporat ion .  Komukai-Toshiba  cho.  Kawasaki, 
Kanagawa,  210  JAPAN 

Bi.Sr.CaCu.CL  .  single  crystal  has  been  grown  by  a 
self -flux  »etnod*a Transport  phenomena  and  the  magnetization 
of  the  single  crystal  have  been  studied.  We  have  measured 
the  temperature  dependence  of  resistivities.  critical 
fieldst  H  and  H  ,)  and  critical  current  densities  at  77K 
by  transport  in  a  rield  up  to  14  T  as  well  as  by  M-H  loops 
in  a  field  up  to  5  T . 

Three  different  critical  current  densities  were  obtained 
depending  on  the  relative  orientation  of  the  current,  the 
magnetic  field  and  the  Cu-0  planes.  The  magnetic  field 
dependence  for  the  critical  current  densities  was  stronger 
at  77K  than  that  at  10K. 

An  anisotropy  in  the  critical  current  densities  within 
the  c  plane  and  along  the  c  axis  was  found  to  be 
approximately  10  in  the  critical  current  density  ratios  in 
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quantitative  agreement  with  the  anisotropy  in  the 
normal-state  resistivity. 

The  magnetic  field  dependences  of  the  critical  current 
densities  within  the  c  plane  measured  in  the  fields  applied 
within  the  c  plane  and  along  the  c  axis,  where  Lorentz 
forces  could  be  caused  in  both  directions,  were  quite 
different  and  the  dependencies  could  be  explained  by  the 
difference  in  upper  critical  fields. 

The  angular  dependence  of  the  critical  current  densities 
along  the  c  axis  in  fields  applied  within  the  c  basal  plane 
obviously  appeared  in  the  single  crystals.  The  anisotropy 
in  flux  pinning  force  density  is  found  to  be  Fp  b/Fp  a-3. 
The  data  provide  strong  evidence  for  flux  pinning  by  the 
incommensurate  modulated  structure  in  this  system. 

M7.23 

CORRELATIONS  BETWEEN  THE  Cu-O  BONDING  STATES  AND  THE 
SUPERCONDUCTIVITY.  S.C.Han'O,  D.Z.LiuL  X.M.Xu>.  2.L.WuL 
G.C.Huth*.  I)  Slungtu*  ln*uiui»:  uf  Metallurgy,  Clunc*:  Academy  of  Seicuecx. 

Shanghai.  China;  2)  Shanghai  Inxuiuie  of  Tcaung  Technology,  Shanghai,  China,  3) 

Xsinus  Superconductivity,  Inc..  7590  E.  Gray  Road,  Suite  103,  ScoUsdJe,  A Z 
H52oO 

X-ray  photoelecuon  core-level  spectra  (XPS)  has  been  measured  lor  CuO 
YBa^CujO*.  Bii(Sr,Ca)jCu20*  and  BijSrjCa^ujOji  m  order  to  observe  the 
correlation  between  the  Cu-O  bonding  Mate*  and  the  superconductivity.  Uotit  the 
Co  2p j/2  and  O  Is  lines  are  touinl  to  be  composed  of  Uiree  Gaussian  peaks,  which  are 
related  w  lire  3d>^L,  3tI®L  and  3dlu  uuual  slates  (L  indicates  a  ligand  hole  in  the  O 
2p  band).  In  die  insulator  CuO,  the  Cu  2p3^  Uiie  showc*  an  essential  feature  of  the 
3d®  ainl  3dl0L.  initial  states.  The  3d®L  leature  is  only  observed  in  YUCO  and 
U9CCO  compounds.  In  Ui2Sr2Ca^CujOk.  the  3d10  signal  diminishes,  whereas  die 
3dllJL  and  3U®L  stales  are  dominant  These  results  conjoin  that  a  localised  picture  is 
necessary  for  CuO.  The  3d®  and  3d,0L  states  in  CuO  can  be  treated  as  quastparucles 
(neutral  fermions  with  spui  1/2).  The  insulating  behavior  is  determined  by  a  gap  of 
charge -transfer  irom  the  3d®  to  the  3d'uL  states.  Hole -doping  produces  the  3d®L  state 
which  is  a  son  of  bosonic  quasi panicle  carrying  a  unit  of  posiuve  charge  lei  and  spin 
Oor  I.  Pairing  of  the  3d®L  bosons  gives  rise  u>  the  ap-typc'  superconductivity,  and 
T ^  seems  to  increase  with  the  density  of  the  3d®L  state.  The  charge  is  both 
distributed  on  copper  and  osygen  sites.  Overdoping  reduces  the  Jd*L  density  and 
thus  Tc.  Symmetrically,  dec  iron -doping  produces  the  3d10  bosons  with  charge  e  and 
spin  0  or  I.  The  3d10  bosons  are  probably  responsible  for  the  "ntype" 
superconductivity.  However,  since  in  most  oi  the  copper  osides  both  the  hole- like 
3d®L  and  the  ckclrunlikc  3d10  state*  arc  present,  die  single -carrier  model  is  not 
apjiropnaie.  and  the  possibility  of  Um  3d®L  “hole"  superconductivity  in  the  “n-iype" 
materials  still  can  noi  be  ruled  out. 

M7.24 

CRITICAL  CURRENT  AND  PROCESSING  TEMPERATURE  IN 
ALIGNED  SINTERED  COMPACTS  OF  YBa2Cu3C>7-d 
T.E.  Tkaczvk.  K.W.  Lay,  GE  Corporate  Research  and 
Development,  Schenectady,  NY. 

Magnetically  aligned  as  well  as  non-aligned  YBa2Cu307-8 
ceramics  were  prepared  through  a  powder  processing  method 
using  a  range  of  sintering  and  annealing  temperatures.  A  rapid 
rise  in  density  for  samples  sintered  above  900  C  signals  the  onset 
of  liquid  phase  sintering.  Accompanying  the  decrease  in 
porosity  is  a  drop  in  the  room  temperature  resistivity  and  a 
increase  in  the  critical  current  density.  A  oxygen  anneal  at  890C 
improved  performance  as  compared  to  anneals  at  500C  possibly 
due  to  the  high  temperature  decomposition  of  carbonates.  The 
anisotropic  properties  of  the  Josephson  coupling  across  grain 
boundaries  as  well  as  the  anisotropy  of  the  intragranular  critical 
current  accounts  for  the  improved  performance  observed  in  the 
aligned  materials.  Through  reduction  of  self-field  effects,  critical 
currents  over  103  A/cm2  at  77K  are  reproducibly  obtained. 
The  maximum  Jc  in  a  1/4  tesla  magnetic  field  was  16  and  200 
A/cm2'  attained  in  the  non-aligned  and  aligned  materials 
respectively,  for  sintering  temperatures  of  950  and  980C.  The 
reduction  in  Jc  at  higher  sintering  temperatures  is  attributed  to 
increased  microcracking  of  larger  grains  and  to  incongruent 
melting  at  the  grain  boundaries. 

*  Partial  Support  provided  by  the  Defense  Advanced  Research 
Projects  Agency  contract  #  N00014-88-C-000681. 


M7.25 

GROWING  OF  Nd  Ce  CuO  SINGLE-CRYSTALS  BY  A  FLUX  METHOD. 
S.Plnol  and  CTMfravi tiles,  ICXB-CSIC  Avda  Marti  i  Franquea 
S/N  Barcelona  (08028)  Spain.  J.  Fontcuberta,  Dept  Fiaica 
Fonaaental  Uni v  de  Barcelona,  Diagonal  647  Barcelona 
(08028)  Spain.  D.  Paul,  Dept  of  Physics,  Univ  of  Warwick 
Coventry  CV47AL  ,  U.K. 


We  have  investigated  single-crystals  growth  of  Nd^  Ce^CuO 
by  using  a  flux  Method.  The  phase  diagram  Nd.,0  -CuuSiaS 
been  determined  for  a  number  of  compositions.  In  addition, 
the  corresponding  diagraa  for  some  Nd^Og-CeO.  compositions 
will  be  also  reported.  Plate  Biggie  crystals  naving 
dimensions  up  to  5  X  5  X  0.2  am  have  been  prepared  by 
cooling  the  alumina  crucibles  containing  the  melt  mixtures, 
from  1250  * C  to  800  *C  at  a  rate  of  5  *C/h. 

Crystals  has  been  characterized  by  EDAX,  Magnetic  Suscepti¬ 
bility  and  Resistance  Mesurements.  The  yield  of  x  values 
in  the  starting  compositions  and  the  corresponding  values 
in  the  crystals  has  been  investigated  in  orden  to  optimize 
starting  compositions  to  improve  superconducting  properties. 
Superconducting  single  crystals  have  been  found  for  flux 
compositions  70*  CuO,  (30-z)%  Nd  0  and  z*  of  CeO  with 
3.75  <  z  <  5  ' 

M7.26 

Magnetic  and  Phonon  Scattering  in  Ndi-xCtzCuO^(:  Normal  State 
and  Superconducting  Properties.  J.L.  PENG  AND  R.N.  SHELTON, 
Department  of  Physcis,  University  of  California,  Davis.  CA  95616; 
H.B.  RADOUSKY,  Lawrence  Livermore  Laboratory,  Livermore,  CA 
94578. 

Samples  of  Ard2_ICeICuO,_j  (0  <  x  <  0.2)  were  prepared  by  an¬ 
nealing  both  in  air  and  under  vacuum  (10-5  torr).  Powder  x-ray 
diffraction  patterns  indicated  that  all  samples  consisted  of  a  single 
phase  NdiCuOt  -  type  tetragonal  structure  with  crystal  symmetry 
14/mmm.  Electrical  resistivity  measurements  showed  that  all  Ce 
doped  /VdjCuO«_$  samples  annealed  in  air  and  those  annealed  in 
vacuum  with  z  <  0.17  demonstate  a  Hondo  effect  resulting  from  the 
combination  of  magnetic  and  phonon  scattering.  Magnetic  suscep¬ 
tibility  and  electrical  resistivity  measurements  reflect  the  influence 
of  crystal  field  effects  below  55  K.  The  linear  temperature  dependent 
term  of  the  resistivity  typical  of  metallic  behavior  in  the  high- 7;  oxides 
exists  across  the  whole  range  of  Ce  concentration,  with  the  exception 
of  the  host  compound  NdtCuO^-i  which  is  an  insulator.  This  indi¬ 
cates  that  a  model  of  metal-insulator  transition  is  not  appropriate  in 
describing  the  occurrence  of  superconductivity  in  Nd2-zCexCuOt-(. 

M7 .27 

SEMI CONDUCTOR -METAL -SUPERCONDUCTOR  TRANSITIONS  IN 
UND0PED  AND  Ce- DOPED  Nd,Cu0A.  A.  Mehta,  D.  J.  L. 
Hong,  and  D.  M.  Smyth,  Materials  Research  Center, 
Whitaker  Lab  #5,  Lehigh  University,  Bethlehem,  PA 
18015. 

Nd2Cu04  behaves  primarily  as  an  oxygen-deficient, 
n-type  material.  It  is  observed  that  undoped 
Nd2Cu04  undergoes  a  semiconductor  to  metal  transi¬ 
tion  at  large  carrier  concentrations  (n>7  molet). 
The  large  electron  concentration  required  to 
transform  the  material  to  a  metal  can  be  created 
either  by  doping  (Ce)  or  by  sufficient  reduction. 
Insufficient  Ce  doping  (<  7  molet)  or  reduction 
result  in  non-superconducting  n-type  semiconduc¬ 
tors. 

When  the  metallic  samples  are  cooled  at  constant 
oxygen  activity,  the  conductivity  begins  to  de¬ 
crease  for  temperatures  below  500®C,  apparently 
as  a  result  of  the  trapping  of  charge  carriers. 
For  samples  with  increasing  amounts  of  reduction, 
the  trapping  phenomenon  becomes  less  significant. 
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The  relationship  between  the  metal-semiconductor 
transition  and  the  "trapping"  phenomenon  to  the 
superconducting  transition  in  Nd2Cu04  will  be 
discussed. 

(Supported  by  the  Division  of  Materials  Research, 
NSF,  and  the  Lehigh  University  Consortium  for 
Superconducting  Ceramics.) 

M7.28 

ANISOTROPIC  THERMAL  CONDUCTIVITY  OF  SUPER¬ 
CONDUCTING  LANTHANUM  CUPRATE  D.  T.  Morelli. 
G.  L.  Doll,  and  J.  P.  Here  mans,  Physics  Department,  General  Motors 
Research  Laboratories;  M.  S.  Dresselhaus,  A.  Cassanho,  D.  R.  Gabbe, 
and  H.  P.  Jenssen,  Center  for  Materials  Science  and  Engineering,  Mas¬ 
sachusetts  Institute  of  Technology ,t  Cambridge,  MA  02139 

We  present  the  first  measurements  of  the  anisotropic  thermal  conduc¬ 
tivity  of  a  high-Tc  superconducting  material.  The  thermal  conductivity 
of  a  Sr-doped,  single  crystal  of  lanthanum  cuprate  has  been  measured 
from  room  temperature  to  4  K  for  the  [100]  and  [001]  tetragonal  crys¬ 
tallographic  directions.  The  sample  has  a  nominal  stoichiometry  of 
Lai.MSro.MCu04  and  a  superconducting  onset  temperature  of  25  K, 
with  aero  resistance  attained  below  9  K.  We  observe  that  the  ther¬ 
mal  conductivity  at  room  temperature  for  the  [001]  symmetry  is  a  fac¬ 
tor  of  three  smaller  than  the  [100]  direction,  and  the  anisotropy  in¬ 
creases  to  over  an  order  of  magnitude  in  the  liquid  helium  temperature 
range.  This  anisotropy  is  in  contrast  to  the  thermal  conductivity  of  an 
undoped,  semiconducting  lanthanum  cuprate  (La>Cu04)  crystal.  We 
tentatively  associate  the  anisotropy  to  a  stronger  phonon-phonon  scat¬ 
tering  in  the  [001]  direction.  In  addition,  we  observe  a  small  anomaly 
in  the  [100]  conduction  near  Te,  whereas  no  corresponding  effect  is  ob¬ 
served  along  the  [001]  direction. 

t  MIT  work  funded  by  the  NSF  under  grant  DMR87-FG05-85ER45151. 
M7.?9 

INFRARED  AND  RAMAN  SPECTROSCOPY  OF  PHONONS 
IN  (Nd/Pr)2Cu04  AND  (Cao.86Sr0.i4)Cu02.  ML- K- 
r.rawfordv  Gerald  Burns**,  E.  M.  McCarron*,  G.  V. 
Chandrasekhar**.  W.  E.  Farneth*.  and  T.  M.  Shaw**,  *E.  I. 
du  Pont  de  Nemours  &  Co.,  Inc.,  P.  0.  Box  80356, 
Wilmington.  DE  19880-0356;  **IBM  Research  Division,  T. 

J.  Watson  Research  Center,  Yorktown  Heights,  NY  10598- 
0218. 

We  report  measurements  of  infrared  (IR)  and  Raman  active 
phonons  in  the  (nominally)  undoped  electron 
superconductors  Nd2Cu04  and  Pr2Cu04  (T  structure),  for 
ceramics  and  ab  plane  oriented  crystals.  Symmetry 
assignments  are  given  based  upon  these  results.  Based 
upon  1B0  substitution  and  comparison  with  other  systems, 
phonon  assignments  are  made.  The  effect  of  electron 
doping  on  the  infrared  and  Raman  active  phonons  will  be 
described.  Finally,  a  comparison  to  the  (Cao.eeSro.14) 

Cu02  system,  which  has  similar  Cu-0  planes  is  made.  In 
the  CaCu02  structure  there  are  five  IR  active  and  no  Raman 
active  modes,  in  agreement  with  our  experimental  results. 

We  assign  the  IR  active  phonons  in  (Cao.8eSro.i4)Cu02  to 
specific  structural  elements.  The  similarities  and  differences 
seen  in  comparison  with  the  T*  materials  will  be  related  to 
details  of  the  crystal  structure. 


M7.30 

THE  SEARCH  FOR  VERY  HIGH  TEMPERATURE 
SUPERCONDUCTIVITY 

IN  THE  TITANIUM  BORIDE  SYSTEM.  Brian  S.  Ahern, 
Steven  Bachowski ,  Rome  Air  Development  Center, 
Hanscora  AFB  MA  01731 

Early  claims  of  anomalous  conductivity  within  a 
high  pressure  phase  of  Tiboride  compounds  have 
never  been  verified.  In  this  study  a  range  of 
compounds  within  the  Titanium  Boride  system  have 
been  evaluated  for  possible  high  temperature 
superconducting  applications.  TiBs  and  TisB* 
samples  were  synthesized  by  a  variety  of 
techniques.  TiBa  was  prepared  in  single  crystal 
form  via  a  high  pressure  float  zone  technique. 
The  compounds  were  subjected  to  pressures  as 
high  as  350 , OOOpsi  at  room  temperature  in  an 
attempt  to  discover  a  high  pressure  phase. 
Results  will  be  presented  on  the  electrical, 
magnetic  and  crystal lographic  eharacterizati ons 
of  the  crystals. 


M7.31 

EFFECTS  OF  OXYGEN  STOICHIOMETRY  ON  THE 
MAGNETIC  ORDERING  OF  LajNi,  CUyO**,.  J.  Zhao  and  M.S. 
Seehra,  Physics  Department,  West  Virginia  Univ.,  Morgantown,  WV 
26506;  A.F.  Hepp  and  J.R.  Gaier,  NASA  Lewis  Research  Center, 
Cleveland,  OH  44135;  and  R.M.  Richman1,  Mount  St.  Mary's 
College,  Emmitsburg,  MD  21727. 

We  present  results  of  magnetic  susceptibility  and  x-ray  diffraction 
measurements  of  LajNi,.yCuyOw.  Synthesis  of  title  compounds  was 
accomplished  using  standard  solid  state  reaction  methods  with  oxides 
and  doping  Cu  for  Ni,  y  =  0.002  to  0.05.  After  firing  at  1200°C  and 
regrinding  three  times,  samples  were  quenched  from  1000°C  in 
either  air  or  N?.  We  find  the  magnetic  ordering  to  be  very  sensitive 
to  the  oxygen  stoichiometry  of  the  samples.  Antiferromagnetic  order 
is  found  below  10K  in  a  liquid  nitrogen-quenched  sample  and 
disappears  when  excess  oxygen  is  introduced;  the  transition,  however, 
is  not  affected  by  the  presence  of  copper.  Our  data  show  that  the 
magnetic  properties  and  phase  diagram  of  La2NiOt,„  are  similiar 
to  the  magnetic  properties  and  phase  diagram  of  La2CuOt.x,  the 
parent  compound  of  the  40K  superconductors,  as  inferred  from 
analagous  literature  data.  We  did  not  observe  superconductivity2  in 
any  of  our  samples  of  La2Ni,.yCuy  <>*.«■ 

1.  Work  performed  at  NASA  Lewis  Research  Center  as  a 
Case-NASA  Summer  Faculty  Fellow,  1988. 

2.  See:  Z.  Kakol,  J.  Spalek,  and  J.M.  Honig,  J.  Solid  State 
Chem  79,  1  (1989)  for  a  report  on  the  observation  of 
diamagnetism  in  Laj^Sr^NiO^. 

M7.32 

THE  TRANSPORT  PROPERITES  AND  DEFECT  CHEMISTRY  01 
(Lai _-Srx)2Cu04_ j.  Ming-Jinn  Tsai,  Elizabeth  J. 
Opita  ana  Harry  L.  Tuller,  Department  of  Materials 
Science  and  Engineering,  MIT,  Cambridge,  MA  02139 

A  study  of  the  (Laj.-SraljCuO^s  system  has  been 
carried  out  to  determine  the  roles  of  dopants  and 
oxygen  stoichiometry  on  the  transport  properties 
and  defect  chemistry  of  this  system.  A  series  of 
ceramic  samples  were  prepared  using  a  solution 
method  with  x  varying  between  0  and  0.5  at  0.05 
Intervals,  Electrical  measurements  included  4- 
probe  dc  resistance  and  thermoelectric  power  (TEP) 
measurements  conducted  .  under  controlled  oxygen 
partial  pressures  (10-4  -  1  atm)  over  a  wide 

temperature  range  (25-1000  °C) .  The  conductivity 
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was  found  to  reach  a  maximum  for  0.15  <  x  <  0.2 
which  we  interpret  aa  reflecting  a  change  from 
electronic  to  ionic  compensation  of  Sr.  High 
sensitivity  TGA  measurements  are  used  to  confirm 
the  dopant  compensation  by  oxygen  vacancies  at 
high  x.  A  transition  from  metal  to  semiconductor 
occurs  at  reduced  temperature  for  x  >  0.25.  The 
conductivity  and  TEP  of  La2Cu04  show  a  1/6  power 
dependence  on  P02  and  an  independence  of 
temperature,  implying  that  1)  the  hole 
concentration  is  controlled  by  the  redox  reaction, 
2)  the  hole  mobility  is  insensitive  to  both  P02 
and  temperature,  and  surprisingly,  3)  the  enthalpy 
of  the  redox  reaction  is  nearly  zero.  Me  discuss 
the  role  of  Sr  in  modifying  the  defect  and 
transport  characteristics  of  La2Cu04. 

H7.33 

SUPERLATT1CE  MODULATION  IN  Nd2Cu04  AND  THE 
ELECTRON-DOPED  SYSTEMS  Nd2.xCexCu04  AND  Nd2Cu04_xF„. 
C.H.  Chen,  D.J.  Werder,  A.C.W.P.  James,  D.W.  Murphy,  S.  Zahurak, 
R.M.  Fleming,  B.  Batlogg,  and  L.F.  Schneemeyer,  AT&T  Bell 
Laboratories,  600  Mountain  Ave.,  Murray  Hill,  NJ  07974 

We  have  observed  a  periodic  superlattice  modulation  in  Nd2Cu04  and 
in  the  electron  doped  Nd2_„Ce„Cu04  and  Nd2Cu04_xFx  systems  by 
electron  diffraction  and  microscopy.  The  superlattice  appears  identical 
in  all  the  systems  studied;  it  was  found  in  both  superconducting  and 
nonsuperconducting  samples,  but  most  of  the  samples  examined  were 
not  homogeneous  with  respect  to  the  superlattice.  The  superlattice 
modulation  is  characterized  by  a  wave  vector  q  =  (1/4, 1/4,0)  parallel  to 
the  Cu-O  plane;  it  exists  in  four  possible  variants  with  its  c-axis  parallel 
to  the  four  equivalent  [111]  zone  axes  of  the  underlying  tetragonal 
lattice.  Samples  quenched  from  high  temperature  invariably  showed  no 
superlattice  or  superconductivity;  bulk  superconductivity  and  regions  of 
superlattice  were  observed  on  annealing  in  the  range  250-750  'C.  We 
believe  that  oxygen  diffusion  is  responsible  for  this  disproporoonanoc 
into  superlattice  and  nonsuperlattice  regions. 

M7.34 

La2_xBaxSr1_xYxCu206  AND  M2SrCu206  (M-Pr  and  Nd)  ; 

NEW  LAYERED  COPPER-OXIDES  WITH  THE  La2SrCu206 
STRUCTURE.  Eric  A.  Hayri.  Chemistry  Department, 
Brookhaven  National  Laboratory,  Upton,  N.Y. 
11973. 


La2.xBaxSr  !.xYxCu20{  (OSxSO.5)  solid  solutions, 
M2SrCu206  (M*La,Pr,Nd)  and  other  doped 
La-Ba-Sr-Y-Cu-0  compounds  of  the  La2SrCu206 
structure  have  been  prepared  and  characterized 
by  X-ray  powder  diffraction,  electrical 
resistivity  and  magnetic  susceptibility 
measurements.  All  samples  are  semiconductors. 
La2SrCu206  has  a  room  temperature  resistivity  of 
-10"2  fl-cm  while  the  corresponding  Pr  and  Nd 
compounds  are  1  Q-cm.  Doped  and  oxygen 
annealed  samples  show  little  change  in  physical 
properties.  Possible  reasons  for  the  absence  of 
superconductivity  in  a  structure  closely  related 
to  many  known  high-Tc  materials  is  discussed. 


M7.35 

The  Structure  of  the  50K  Superconductor  (Yi.*Cex)Ba2Cu30e**  (6<0.2). 
John  B.  Parise,  Earth  and  Space  Sciences,  State  University  of  New  York  at 
StonyBrook,  NY  11794  and  Euoene  M.  McCarron  III.  Central  Research 
and  Development  Department,  E.  I.  Du  Pont  de  Nemours  &  Company, 
Experimental  Station,  P.  0.  Box  80356,  Wilmington,  Delaware  19880- 
0356 


Replacing  Y(lll)  by  Ca(il)  in  (Y1.xCax)Ba2Cu3C>6  induces 
superconductivity.  A  solid  solution  limit  exists,  as  is  evidenced  by  the 
lack  of  variation  in  unit  cell  parameters  for  values  of  x  >  0.3.  At  low 
doping  levels  (x  <  0.2  nominal),  materials  prepared  by  solid  state 
techniques  consist  of  a  complex  intergrowth  of  Ca-rich  and  Ca-poor  123- 
type  phases,  as  well  as  pure  YBa2Cu306  and  BaCuC>2.  At  higher  doping 
levels  the  Ca  content  of  the  samples  becomes  constant  (x  -  0.30). 
Structural  refinements  using  data  collected  by  X-ray  and  neutron  powder 
diffractometry  are  consistent  with  Ca-doping  causing  oxidation  only  of  Cu 
in  the  sheet  leaving  the  copper  in  the  so-called  chain-site  as  Cu(l).  Many 
of  the  structural  changes  occurring  in  this  system  upon  oxidation,  such  as 
flattening  of  the  Cu02-sheets  and  contraction  of  the  in-plane  Cu-0 
distance,  also  occur  in  the  structurally  related  superconducting  system, 
Pb2Sr2(Y1.xCax)Cu30a.  Consideration  of  structural  changes  in  several 
systems  leads  to  the  conclusion  that  there  exists  an  optimum  level  of 
oxidation  for  the  Cu02-sheets  which  results  in  the  highest  values  of  Tc; 
the  optimum  value  is  close  to  a  formal  oxidation  state  of  -t-2.5  lor  Cu  in 
the  sheets. 


M7.36 

Ndl85-xBixCeo.l5Cu04-6 :  PREPARATION  AND  PROPERTIES. 

M.  Grccnblatt.  J.G.  Lee  and  K.V.  Ramanujachary,  Chemistry 
Department,  Rutgers  University,  New  Brunswick,  NJ  08893. 

Effects  of  Bi  addition  on  the  transport  properties  of  the  electron  doped 
^^1.85^-c0.15CuO4^  arc  investigated.  Polycrystalline  samples  were 
prepared  by  both  conventional  high  temperature  solid  state  synthesis  and 
by  the  decomposition  of  nitrate  solutions  containing  stoichiometric 
amounts  of  component  ions.  Both  the  normal  state  resistivity  behavior 
and  the  bulk  volume  fraction  of  the  superconducting  phase  are  shown  to 
improve  with  the  amount  of  Bismuth  in  a  narrow  compositional  range. 
Results  of  these  investigations  will  be  presented  with  a  special  emphasis 
on  the  electrical  and  magentic  properties. 

M7.37 

STRUCTURAL  ANALYSIS  OF  Ndj.,Ce.CuO,  (x=0 .15) 
SUPERCONDUCTORS.  Deiei  Li.  M.Y.Su  and  L.  D. 
Marks,  Science  and  Technology  Center  for 
Superconductivity,  Department  of  Materials 
Science,  Northwestern  University,  Evanston,  IL 
60208,  and  B.  Krause,  Dept,  of  Physics,  Northern 
Illinois  University,  Dekalb,  IL  60115 

Experimental  results  on  the  structure  of 
superconducting  and  non-superconducting  Nd,.,Ce,CuO, 
using  electron  microscopy  are  reported.  Three 
different  structures  have  been  observed  by 
conventional  and  convergent  beam  electron 
diffraction;  a  4mm  phase  similar  to  Nd2CuO,;  a  2mm 
phase  where  the  four-fold  rotational  symmetry 
element  is  lost;  and  one-  and  two-dimensional 
modulated  structures  where  the  modulation 
wavelength  is  four  times  the  unit  cell  and  takes 
place  on  either  or  both  the  a  and  b  axes. 
Comparison  of  different  samples  indicates  that  the 
modulated  structure  is  more  common  in  samples  with 
worse  superconducting  properties  and  contains 
approximately  the  same  cerium  content  as  the 
unmodulated  material.  This  is  interpreted  as  due 
to  Ce''  doping  where  there  is  a  small  displacement 
in  the  Ce  positions  (and  presumably  additional 
oxygen)  leading  to  the  modulated  structure; 
numerical  simulated  high  resolution  images  based 
upon  this  model  show  fair  agreement  with  the 
experimental  results.  A  more  detailed  analysis 
will  be  presented. 
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M7.38 

SUPERCONDUCTING  AND  STRUCTURAL  PROPERTIES  OF 
(Bai_xKx) (Bii_yMy)03  SYSTEM  (M-Tl,  Pb  and  Sb) * . 

B- _ Dab rows ki .  D.G.  Hinks,  S,  Pei,  J.D.  Jorgensen, 

D.R.  Richards,  Y.  Zheng,  C.W.  Kimball  and  A.W. 
Mitchell,  Materials  Science  Division,  Argonne 
National  Laboratory,  Argonne,  IL  60439,  USA 

Single  phase  samples  of  (Bay_xKx)  <Bii_yMy ) O3 
(M-Tl+3,  pb+4  and  Sb+5)  have  been  synthesized 
over  wide  compositional  range  using  a  two-step 
procedure.  In  the  first  step,  K  is  incorporated 
into  the  O-deficient  Bi-reduced  material  during  a 
nitrogen  firing  at  700^0.  Low-temperature  oxygen 
annealing  removes  the  oxygen  vacancies  and 
increases  average  Bi  oxidation  state.  For  y=0  and 
x>0.35,  samples  have  a  simple  cubic  structure  and 
are  bulk  superconductors  with  Tc  gradually 
decreasing  from  30  to  22K  as  x  increases  to  0.50. 
For  y>0  samples  are  superconducting  only  in  a 
simple  cubic  structure  with  Tc  gradually 
decreasing  as  y  increases  for  fixed  x.  There  is 
no  apparent  relation  between  Bi  content  or 
oxidation  state  to  Tc.  The  highest  Tc  is  found  in 
the  compositional  range  adjacent  to  the 
structural  phase  transition  into  the  lower 
symmetry  nonsuperconducting  phase.  These  results 
support  our  earlier  conjecture  that  optical 
phonons  (polarons)  are  responsible  for 
superconductivity  in  Ba2_xKxBi03  system. 

'Supported  by  National  Science  Foundation-Office 
of  Science  and  Technology  Centers  under  contract 
♦STC-8809854  (BD,  SP)  and  DMR87-19738  <CWK)  and 
U.S  Department  of  Energy,  BES,  under  contract 
♦W-31-109-ENG-38  (DGH,  JDJ,  YZ,  AWM) . 

M7.39 

THERMODYNAMIC  PROPERTIES  OF  OXYGEN  IN  YBaiCuiD*. 
P-  Meuffels  and  R.  Naeven,  Institut  fur  Festkor- 
perf  orschung  ,  K  F  A  Julich,  0-5170  Jijlich,  F.R.G. 

The  oxygen  content  x  (6.15  <x<7)  in  YBajCu30x  was 
measured  as  a  function  of  oxygen  pressure  for  tem¬ 
peratures  between  400  and  750  °C.  The  orthorh om- 
bic-to-tetragonal  (0-T)  phase  boundary  was  de¬ 
termined  as  a  function  of  oxygen  stoichiometry 
between  550  and  700  °C.  From  these  results  the 
concentration  dependence  of  the  chemical  potential 
and  the  solution  enthalpy  and  entropy  of  oxygen  in 
YBa2Cu,0x  were  derived  for  both  phases. 

In  both  the  orthorhombic  and  tetragonal  phase  the 
chemical  potential  increases  monotonously  with  in¬ 
creasing  x.  The  chemical  potential  is  continuous 
at  the  0-T  transition  point,  but  the  solution  ent¬ 
halpy  and  entropy  undergoe  a  steplike  discontinui¬ 
ty.  These  results  are  quite  coherent  with  an  in¬ 
terpretation  of  the  phase  transformation  as  an 
order-disorder  transition.  Lattice  gas  models,  as 
proposed  in  literature,  explain  some  features  of 
the  experimental  observations,  if  one  assumes  re¬ 
pulsive  interactions  between  oxygen  atoms  on 
nearest-neighbouring  sites.  These  models,  however, 
provide  only  a  semiquantitative  description.  It 
will  be  shown  that  deviations  between  experimental 
and  theoretical  data  cannot  be  explained  by  merely 
adopting  concentration  dependent  oxygen  site  ener¬ 
gies.  There  seem  to  be  entropic  contributions  to 
the  chemical  potential,  perhaps  due  to  the  Cu- 
sublattice,  which  also  have  to  be  considered. 

M7 .40 

LOW  TEMPERATURE  BEHAVIOR  OF  YBa2CuyO«+ 2,  PHASE 
DIAGRAM.  Rvoichi  KiKuchi*  and  Jac-Sung  Choi,  Department  of 
Materials  Science  and  Engineering,  and  Advanced  Materials  Tech¬ 
nology  Program,  Washington  Technology  Center,  Univeriity  of 
Washington,  Seattle,  WA  98195 


The  phase  diagram  of  the  Cu-O  plane  of  YBa2CujO{,+  2,  is  presented 
with  the  emphasis  on  the  low  temperature  behavior.  The  model  is 
the  same  as  the  one  used  by  de  Fontaine  and  coworkers',  namely  the 
0-0  interaction  (F2)  through  Cu  is  attractive  while  the  nearest- 
neighbor  0-0  bond  (V\)  and  the  second-neighbor  0-0  bond  (V}) 
are  repulsive.  It  is  shown  that  the  orthorhombic  11  phase  (Oji)  with 
the  double  periodicity  is  stable  and  is  surrounded  by  orthorhombic 
I  phase  (0|)  both  for  the  small  and  large  O  densities.  The  boundaries 
are  at  x  =  0.125  and  0.375  in  low  temperatures.  The  constant  p 
(chemical  potential)  curves  in  the  phase  diagram  for  p  -  P2  and 
p  =  P2  +  2K3  lie  near  the  Oj-On  boundaries  in  the  0|  phase  sides, 
and  are  particularly  of  importance.  Numerical  calculations  are  done 
using  the  cluster  variation  method  with  the  same  basic  cluster  com¬ 
binations,  a  square  and  a  cross,  as  was  used  by  dc  Fontaine  et  al. 
Different  from  previous  papers,  however,  a  special  program  has  been 
devised  to  avoid  computer  underflow  even  for  very  low  temperatures, 
and  thus  wc  can  calculate  low  temperature  phase  boundaries. 

‘After  August  1989:  Department  of  Materials  Science  and  Engineer¬ 
ing,  UCLA,  Los  Angeles,  CA  90024 

M7.41 

GROWTH,  ANNEAL  AND  PROPERTIES  OF  SINGLE  CRYSTAL 
YBa2Cu30?.  Jinqwen  Zhang  and  Ping  wang,  Institute 
of  Chemistry,  Academia  Sinica,  Beijing,  China; 
Zhongxian  Zhao,  Institute  of  Physics,  Academia 
Sinica,  Beijing,  China 

As  the  compound  YBa2CU30x(YBC0)  is  the  typical  of 
high  Tc  superconductor.  The  single  crystals  with 
large  size,  good  quality  and  two  kinds  of  shapes 
in  YBCO  oxides  have  been  prepared  by  flux  method 
with  the  extra  BaO+CuO  as  solvent.  The  typical 
si2e  was  5  x  1.2  x  0.7  mm  for  the  bar-shaped 
crystal  and  2.5  x  1.5  x  0.01  mm  for  the  flake  one. 
Both  of  them  exhibit  a  transition  from  metal  to 
superconductor  at  85  K  after  annealing  in  an  O 
flow,  but  before  annealing  the  transition  is  at  59 
K.  An  important  factor  is  that  the  quenching 
rather  than  slowly  cooling  after  the  annealing. 

To  observe  the  behaviour  of  copper  ions  which  are 
believed  to  play  an  important  role  in  the 
mechanism  of  superconductors.  The  ESR  measurements 
on  the  crystal  samples  as  function  of  temperature 
have  been  done.  They  showed  notable  anisotropy. 
The  117,  139,  165,  195,  235  cm-1  peaks  of  Raman 

spectra  have  been  observed  and  showed  the  strong 
electron-phonon  coupling  and  charge  transfer 
transition.  The  space  image  with  atom  level  of 
resolution  was  observed  by  STM  (scanning  Tunnel 
Microscope) . 

M7.4  2 

OXYGEN  EVOLUTION  FROM  YBa2  Cu3  O7-6  SUPERCONDUCTING 
POWDERS  GENERATED  BY  AEROSOL  ROUTES.  Pratiin  Biswas  and 
Derong  Zhou,  Department  of  Civil  &  Envl ronmental  Engi - 
neering,  University  of  Cincinnati;  Jeff  Grothaus,  Procter 
&  Gamble,  Cinti . ;  Punit  Boolchand,  Dari  McDaniel,  Univ. 
of  Cincinnati;  Cincinnati,  Ohio  45221-0071. 

A  novel  aerosol  process^  has  been  used  te  generate  sub¬ 
micron  sized  powders  of  YBa2  Cu3  O7-6.  There  is  evidence 
of  a  correlation  between  the  critical  temperature, 
crystallographic  structure,  and  oxygen  content  of  these 
superconducting  powders.  Oxygen  evolution  rates  of  the 
aerosol  generated  superconducting  powders  have  been 
measured  using  a  thermogravimetric  analyzer  (T6A).  The 
results  are  compared  to  those  of  a  solid  state  sintered 
superconducting  powder. 

The  temperature  of  a  known  amount  (30-35  mg)  of  supercon¬ 
ducting  powder  was  Increased  in  a  reducing  atmosphere 
(N2)  at  a  constant  rate  of  10°K/m1n  in  a  Mettler  TGA. 

The  amount  of  oxygen  released  and  the  rate  of  weight  Toss 
of  the  sample  is  measured  as  a  function  of  temperature. 
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From  an  Arrhenius  plot,  the  activation  energy  and  preexpo¬ 
nential  factor  are  determined  assuming  first  order  oxygen 
evolution  kinetics.  These  are  used  to  calculate  AH,  AS, 
and  AG  for  each  peak.  AH  was  of  the  order  of  0.8  ev  and 
AG  about  3  ev.  Assuming  end  products  of  Y2O3,  Cu  t  BaO, 

6  was  calculated  to  be  0.05  for  the  aerosol  samples. 

These  results  on  aerosol  produced  samples  will  be  com¬ 
pared  to  conventional  solid  state  reacted  samples  to 
elucidate  possible  oxygen  bonding  configurations. 

'Biswas  et  al.;  Superconducting  Powders  Generated  by  an 
Aerosol  Process;  in  press.  Materials  Letters,  1989. 


M7.43 

INHOMOGENEOUS  SINTERING  IN  YBa2Cu30,+J(.  Laura 
C.  Stearns ,  Martin  P.  Harmer,  ana  Helen  M. 
Chan,  Lehigh  University,  Bethlehem,  PA. 

One  area  of  the  much-studied  YBa2Cu3Og^x 
superconductors  which  is  not  well  understood  is 
their  sintering  behavior  and  microstructural 
development.  Since  the  microstructures  of 
these  materials  tend  to  be  rather  non-ideal, 
this  study  focuses  on  the  effects  of 
heterogeneities  on  sintering.  In  particular, 
coarse  inclusions  have  been  deliberately 
introduced  into  the  starting  powders  in  order 
to  examine  their  influence  on  sintering.  The 
effects  of  variables  such  as  volume  fraction, 
size,  and  density  of  inclusions  have  been 
studied.  Two  different  starting  powders  were 
investigated;  one  compositionally  stoichio¬ 
metric  and  the  other  rich  in  CuO  so  that  a 
liquid  would  form  during  sintering.  The  role 
of  this  Cu-containing  liquid  in  the  sintering 
of  these  heterogeneous  structures  will  be 
discussed. 


M7.44 

HIGH  Tc  OXIDE  SOLID  STATE  REACTION  KINETICS  VIA  COMPLEX 
IMPEDANCE  SPECTROSCOPY.  E.  A.  Cooper  and  £-  SL  Mason. 
Northwestern  University.  Evanston,  IL;  U.  Balachandran  and 
M.  L.  Kullberg,  Argonne  National  Laboratory,  Argonne .  IL; 
NSF  Science  and  Technology  Center  for  Superconductivity. 


Complex  impedance  spectroscopy  was  used  to  follow  the 
kinetics  of  solid  state  reaction  of  the  Y-Ba-Cu  oxide 
superconductor  from  oxide  precursors.  Carefully  classified 
and  sized  large  particles  of  CuO  (25-150  pa)  were  imbedded 
in  finely  dispersed  matrices  of  yttrium  and  barium  oxides. 
These  matrix  materials  were  prepared  by  a  variety  of  means , 
including  solid  state  reaction  of  yttrium  oxide  and  barium 
carbonate  and  sol-gel  route,  with  and  without  vacuum 
calcination  to  remove  carbonate.  Cold-pressed  pellets  were 
prepared  and  placed  between  platinum  electrodes  in  a 
complex  Impedance  apparatus  and  were  sintered  in  situ.  The 
impedance  unit  consisted  of  an  IBM  PC-compatible  controlled 
HP-4192A.  Data  were  analyzed  via  EQUIVCRT,  a  commercially 
available  software  package. 


A  single  arc  Impedance  spectrum  was  obtained  at  short  and 
Intermediate  times,  from  which  a  characteristic  resistance 
could  be  obtained.  The  Inverse,  or  conductance,  scaled 
with  the  fraction  of  superconductor  produced.  Results  ware 
analyzed  in  terms  of  solid  state  reaction  kinetic  theory 
for  activation  energy  and  particle  size  affect. 

M7.45 


THE  EFFECTS  OF  THE  SOLUTION  STRUCTURE  ON  THE 
MICROSTRUCTURE  AND  PROPERTIES  OF  SINTER 
FOROED  SOL-OEL-DERIVED  SUPERCONDUCTORS. 
Dj.K1ngtt~  Taepa,  0.  Moor*  and  0.  Korda*.  University  of 
Illinois,  urban*,  IL  61805;  M,  E.  Biansk,  U.  RsladUandmt, 
M.  L.  Kullbarg,  and  R.  B.  Posppal,  Argonna  National 
Laboratory,  Argonns,  IL  60439;  and  Y.  L.  Jang  and  D.  L. 
Johnson,  Northwsstam  University,  Evanston,  IL  60208 


Powders  of  Y-Ba-Cu-0  system  have  been  derived  from  sols  with 
controlled  morphology  that  have  been  prepared  using 
Y-methoziethoxide,  Ba-methoxide,  and  Cu-ethoxide.  The 
powders  have  been  annealed  at  300°C  under  high  vacuum 
(<10-5  Torr).  Following  this  treatment,  the  powders  were 
sinter  forged.  The  microstructure  and  properties  of  the 
resulting  superconductors  have  been  studied  as  a  function  of 
the  sol-structure  and  sinter  forging  conditions.  The  results 
will  be  discussed  in  the  context  of  the  processing  parameters 
and  microstructurs. 

Work  supported  by  the  National  Science  Foundation,  Office  of 
Science  and  Technology  Centers,  under  Contract  #DMR- 
8809854  (DK,  MT,  GM,  and  GK,  Science  and  Technology  Center 
for  Superconductivity  -  University  of  Illinois  at  Champaign- 
Urbana;  MEB,  Science  and  Technology  Center  for 
Superconductivity  -  Argonne  National  Laboratory;  YLJ  and 
DLJ,  Science  and  Technology  Center  for  Superconductivity  — 
Northwestern  University);  the  U.  8.  Dept.  01  Energy,  Office  of 
Energy  Storage  and  Distribution,  Conservation  anaRenewable 
Energy  (UB  and  RBP),  Laboratory  Management  Division 
(MLK),  under  Contract  W-31-109-Eng-38;  the  Amoco  Duuni— 1 
Company  (MLK);  and  partial  support  from  the  Division  of 
Educational  Programs,  Argonne  National  Laboratory  (MEB). 

M7.46 

ROUTES  TO  OXIDE  FILMS  FOR  THE  PROTECTION  OF 
CUPRATE  SUPERCONDUCTORS.  Ronald  H  Raney  Debora  F. 
Bergstrom,  Leslie  E.  Carpenter,  and  Donald  R.  Petersen, 
Dow  Corning  Corporation,  Midland  Ml,  Dennis  F.  Elwell, 
Andrew  A.  Shapiro,  and  Paul  F.  Fleishner,  Hughes 
Aircraft  Company,  Newport  Beach,  CA. 

The  cuprate  superconductors  rapidly  degrade  in 
moisture  and  in  the  presence  of  organic  compounds.  We 
have  a  method  of  protection  which  consists  of  coatings 
and  a  coating  process  using  sol/gel  routes  to  the  low 
temperature  formation  of  oxide  films.  In  contrast  to 
traditional  organic  protective  films,  amorphous  silica 
films  formed  from  a  variety  of  precursors  gave 
excellent  protection  and  caused  little  degradation  of 
bulk  and  film  superconductors. 

The  protective  ability  of  the  films  were  assessed  by 
monitoring  the  degradation  of  Y1Ba2Cu307-<j  in  the 
presence  of  85%  relative  humidity  at  85  oc.  Volume 
magnetic  susceptibility,  four-point  probe  resistivity, 
current  density  measurements  and  x-ray  diffraction 
were  performed.  Without  protection,  degradation  was 
almost  complete  within  one  hour  of  exposure.  With 
protection,  superconducting  properties  were  maintained 
even  after  48  hours  of  exposure. 

M7.47 

Ag-YBa2Cu307  POWDER  GENERATION  BY  AEROSOL 
DECOMPOSITION,  Toivo  T.  Kodas  and  Altaf  H.  Canm,  Center 
For  Micro-Engineered  Ceramics,  University  of  New  Mexico, 
Albuquerque,  NM;  Kevin  Ott,  Exploratory  Research  and 
Development  Center  For  High  Temperature  Superconductors, 
Los  Alamos  National  Laboratory,  Los  Alamos,  NM. 

The  properties  of  metal-superconductor  composites  are  of 
interest  for  a  variety  of  reasons.  Interfaces  between 
superconductors  and  metals  determine  the  integrity  of  electrical 
contacts  and  are  of  importance  for  composite  matenals  which 
can  provide  improved  mechanical  properties  relative  to  the  pure 
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superconductor.  In  an  effort  to  study  these  composite  materials, 
we  have  produced  Ag-YE^C^O?  powders  by  decomposing 
metal  nitrate  solution  droplets  in  a  gaseous  flow  system.  The 
powders  were  characterized  by  x-ray  diffraction  and  by  analytical 
and  high-resolution  transmission  electron  microscopy.  Particles 
consisting  of  nanocrystalline  Ag  and  YBa2Cu307  with  grain 
sizes  of  10  to  100  nm  could  be  formed.  For  temperatures  above 
the  melting  point  of  Ag,  each  polycrystalline  YBa2Cu307  particle 
had  associated  with  it  a  single  Ag  crystallite.  The  effect  of  reactor 
operating  parameters  such  as  residence  time  and  temperature 
on  the  formation  of  secondary  phases  and  particle  morphology 
will  be  discussed.  The  use  of  the  particles  for  studies  of  metal¬ 
superconducting  ceramic  interfaces  will  also  be  discussed. 

M7.48 

CONTROL  OF  MICROSTRUCTURES  AND  GRAIN  BOUNDARY 
PHASES  IN  THE  MBa2Cu307-e  SYSTEMS.  A.l.  Kingon.  C. 
Davis,  M.  Lawrence,  T.  Hare,  C.C.  Koch  and  D.G.  Haase, 
Department  of  Materials  Science  and  Engineering,  North  Carolina 
State  University,  Raleigh,  NC  27695 

In  polycrystalline  YBajCujO?^,  critical  currents  continue  to  be 
limited  by  both  random  grain  orientation,  and  grain  boundary 
phase(s)  which  are  present  on  a  significant  fraction  of  the 
boundaries.  The  origin  of  these  grain  boundary  phases  are 
investigated.  In  materials  produced  by  the  mixed  oxide  route,  these 
are  shown  to  correspond  to  local  compositional  variations, 
consistent  with  the  high  temperature  phase  equilibria.  The  grain 
boundary  phases  are  characterized  by  their  thermal  signatures,  as 
well  as  by  TEM,  XPS  and  scanning  Auger  microprobe.  The  phases 
have  a  significant  and  characteristic  effect  on  the  sintering  process, 
and  therefore  upon  the  microstructural  evolution.  It  is  also  shown 
that  their  presence  reduces  Jc  significantly.  The  YBa2Cu307.<j 
materials  prepared  by  the  mixed  oxide  process  are  compared  with 
those  prepared  by  chemical  precipitation.  In  the  case  of  one 
"chemical"  process  route,  the  amount  of  grain  boundary  phases  are 
significantly  reduced,  altering  the  sintering  process.  ]c  values  also 
increase  significantly. 

Reaction  with  CO2  is  shown  to  result  in  a  Ba-Cu-C-O  phase 
which  melts  at  -  965°C  in  O2.  and  is  extremely  difficult  to  remove. 

Results  for  YBa2Cu30>.<j  arc  compared  with  GdBa2Cu307-<j, 
which  has  a  significant  range  of  cation  solid  solution.  The  latter  is 
therefore  more  tolerant  of  the  mixed  oxide  process  route. 

M7.49 

EFFECT  OF  PURITY  OF  RAW  MATERIALS  AND  PROCESSING 
ON  THE  MICROSTRUCTURE  AND  PROPERTIES  OF  HIGH  TC 
YB,Cu,0,-l.  Ph.  DUMAS*  and  J.  A.  T.  TAYLOR,  N.  Y.  S  College 
of  Ceramics  at  Alfred  university,  ALFRED  N.  Y,  14  802. 

Microstructure  and  properties  of  high  TC  YBtCufOr-i  ceramics 
were  studied  as  a  function  of  purity  of  raw  materials  and  processing 
conditions.  Technical  and  reagent  grade  raw  materials  were  used  to 
prepare  the  precursor  superconducting  powder,  the  characteristics  of 
which  were  monitored  by  XRD,  chemical  analysis,  thermal  analysis 
and  SEM. 

Bulk  specimens  were  than  prepared  with  these  two  master  batches  by 
conventional  solid  state  sintering.  Superconducting  properties  were 
examined  by  T-resistivity  studies  and  by  magnetic  susceptibility.  Mi- 
crostructurs  was  characterised  by  SEM  and  phase  identification  by 
XRD  and  EDS. 

The  effects  of  impurities  on  microstructure  and  electrical  properties 
will  be  discussed. 


M7.50 

SYNTHESIS  OF  1-2-3  POWDER  BY  SPRAY  CALCINATION  OF 
AEROSOLS  OF  PRECURSOR  SOLUTIONS.  R.  L.  Lakis  and 
S,  R.  Butler,  Materials  Research  Center,  Lehigh 
University,  Bethlehem,  PA  18015. 

We  have  prepared  submicron  powders  of  orthorhombic 
Y-Ba-Cu  oxide  by  generating  a  submicron  droplet 
aerosol  of  precursor  solutions.  The  aerosol 
droplets  are  carried  in  an  oxygen  stream  into  a 
high  temperature  furnace  where  they  are  directly 
converted  to  1-2-3  powder.  The  powder  is 
collected  on  a  filter  after  a  cooling  section 
downstream  from  the  furnace.  Both  nitrate  and 
mixed  anion  solutions  have  been  investigated. 
Process  parameters  investigated  include:  spray¬ 
ing  rate,  average  droplet  site,  furnace  tempera¬ 
ture,  furnace  residence  time  (oxygen  flow  rate), 
and  precursor  solution  composition  and  concentra¬ 
tion.  For  a  typical  concentration  and  droplet 
size  ('v  0.3  micron),  we  calculate  a  powder  par¬ 
ticle  size  of  100  nm.  High  resolution  SEM 
results  confirm  this  as  an  "average"  particle 
size  for  950°C  furnace  temperatures.  Some  larger 
agglomerates  ('v  1-2  microns)  are  seen.  Their 
origin  in  the  process  will  be  discussed.  Charac¬ 
terization  of  the  powders  by  X-ray  diffraction 
and  several  particle  size  measurement  methods 
will  be  presented.  Sintering  behavior  and  final 
microstructures  of  bodies  prepared  from  the 
powders  will  be  discussed. 

(Supported  by  the  Lehigh  University  Consortium  on 
Superconducting  Ceramics.) 

M7.51 

PROCESSING  AND  FABRICATION  OF  YB&2Cu4Ox  AND 
YBa2Cu40x/YBa2Cu30y  COMPOSITES.  U.  Balachandran. 

M.  E.  Biznek,  K.  C.  Goretta,  D.  Shi,  R.  B.  Poeppel,  Argonne 
National  Laboratory,  Argonne,  IL;  and  T.  O.  Mason, 
Northwestern  University,  Evanston,  IL. 

Powders  of  YBagCu^O,  (“124")  were  prepared  via  a  solid  state 
reaction  from  a  mixture  of  Y2O3,  BaC03,  and  CuO  in  the  1-2-4 
stoichiometric  amount.  The  calcined  powders  were 
characterized  by  thermal  analyses  and  x-ray  diffraction. 
Pellets  sintered  in  oxygen  at  ~950°C  exhibited  a  sharp 
superconducting  transition  at  87  K  YBa2Cu40x/YBa2Cu30y 
composites  were  made  with  varying  amounts  of  124  and  123 
powders  and  sintered  over  a  range  of  temperatures  and  oxygen 
pressures.  Upon  sintering,  these  composites  exhibited 
superconductivity  1  about  87  K  with  a  sharp  transition  despite 
the  multiphase  structure.  The  experimental  results  are 
discussed  in  relation  to  the  microstructures  obtained. 

Work  supported  by  the  U.  S.  Department  of  Energy,  Office  of  Energy 
Storage  and  Distribution,  Conservation  and  Renewable  Energy  (UB,  KCG, 
RBP),  Office  of  Basic  Energy  Sciences  -  Materials  Science  (KCG,  DS), 
under  Contract  W-31-109-Eng-38,  and  the  National  Science  Foundation, 
Office  of  Science  and  Technology  Centers,  under  Contract  #STC-8809854 
(MEB,  Science  and  Technology  Center  for  Superconductivity  -  Argonne 
National  Laboratory;  TOM,  Science  and  Technology  Center  for 
Superconductivity  -  Northwestern  University).  MEB  acknowledges 
partial  support  from  the  Division  of  Educational  Programs,  Argonne 
National  Laboratory. 

H7.52 

CRYSTALLITE  ORIENTATION  IN  YBaCu  CERAMIC  LAYERS 
SINTERED  ON  SILVER  SUBSTRATES.  Claus  Schiller,  Felix 
Greuter  and  Petra  Kluge-Weiss,  ABB  Corporate 
Research,  Baden,  Switzerland 
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A  stoichiometric  precursor  powder  of  YBACu  with  0.8 
-  0 . 1  4m  grain  size  was  prepared  by  coprecipitation 
of  oxalates  in  organic  liquids,  followed  by 
calcination  at  580°C.  Stable  suspensions  of  this 
powder  were  obtained  in  i-Propanol  and  used  in  a 
controlled  dip  coating  process.  Well  packed  powder 
layers  formed  on  Ag  foils.  During  reactive  sintering 
of  such  layers,  a  small  volume  of  a  transient  liquid 
phase  develops  close  to  920°C,  the  BaCu02/Cu0 
eutectic  temperature.  This  phase  induces  oriented 
nucleation  and  growth  of  crystallites  on  the  Ag 
surface  before  it  is  consumed  by  the  progression 
reaction.  At  completion  of  the  reactive  sintering,  a 
dense,  single  phase,  polycrystalline  ceramic  layer 
has  formed  consisting  of  highly  oriented 
crystallites  with  their  a,  b-axis  parallel  to  the 
substrate  surface. 

YBaCu  layers  5-10  4m  thick  on  Ag  strips  50  4m  thick, 
3  mm  wide  have  Tc  -  90  K  (AT  -  2  K)  and  jc  >  1000 
A/cm2  as  measured  with  dc  and  magnetization. 

Details  of  their  microstructure  and  further  data  of 
their  s.c.  properties  will  be  reported. 

M7.53 

PHASE  STABILITY  OF  LNBA2CU30Y  AND  LN2BACU05  (  LN 
=  Dy  .  Er,  Eu.  Gd ,  Ho,  Sm,  Yb  )  .  Knchi  Yoshiara, 
Fusaoki  Uchikava.  Kjyoshi  Yoshizaki,  Materials 
and  Electronic  Devices  Laboratory,  Mitsubishi 
Electric  Corporation,  Saqanuhara-city,  Kanagawa, 
Japan;  Kiyotaka  Nakahigashi,  Department  of 
Materials  Science,  University  of  Osaka 
Prefecture,  Sakai-city,  Osaka,  Japan 

Phase  stability  of  a  series  of  LnBa2Cu,0,  and 
LnjBaCuOj  (  Ln = Dy , E r , Eu , Gd , Ho , Sm . Yb  )  has  been 
studied  as  a  function  of  oxygen  partial  pressure 
and  temperature  by  X-ray  diffraction,  thermal 
gravimetric  and  differential  thermal  analyses. 

In  the  above  materials,  a  phase  decomposition 
with  decreases  of  a  sample  weight  took  place  at 
high  critical  temperatures  Tc  (we  define  here 
Tc,  as  the  decomposed  temperature  for 
LnBajCujO,,  and  Tc2  for  Ln2 BaCuOj ) .  in  the  case 
of  Ln  =  Dy.Er,Ho  and  Yb,  for  example,  the 
LnBajCujO,  decomposed  into  LnjBaCuOj  and  liquid 
phase  containing  BaCuOj  and  CuO  at  Tc,  and  the 
LnjBaCuOj  decomposed  into  Ln2Oj  and  another 
liquid  phase  containing  BaO,  CuO  and  Cu20  at 
Tcj,  which  was  higher  than  Tc , .  The  critical 
temperature  Tc, ,,  |K)  was  changed  depending 
strongly  on  the  oxygen  partial  .pressure  P(atm) 
and  an  effective  ionic  radius  R(0.1nm  unit)  of 
Ln  atom  which  was  eightfold  for  LnBa2Cu2Of, 
sevenfold  for  Ln2BaCuOs  coordinated  by  oxygen 
atoms.  The  observed  values  of  Tc , . 2  for  all  the 
systems,  together  with  those  of  Y Ba, Cu, 0,  and 
Y2BaCuO»  reported  previously,  were  well 
reproduced  by  following  relation,  respectively. 

Tc,  =-3325. 7R* *7870. BR-3260.  1*17. 81n(P) 

Tc2  =  -  1 7493R*  .34582R-  1  5489  +  20 . Bln (P) 

Tne  reliability  index  Rp  was  0.5\  for  Tc2. 

M7.54 

STUDY  OF  CARBONATES  USED  IN  THE  PREPARATION  OF 
SUPERCONDUCTORS.  Phillip  G.  Wahlbeck,  Dwight  L. 
Myers,  and  R.  Ronald  Richards,  Department  of 
Chemistry  and  the  Institute  for  Aviation  Research, 
Wichita  State  University,  Wichita,  KS  67208. 

Studies  utilizing  thermal  analyses  and  Knudaen 
effusion  cell  mass  spectrometry  have  been 


performed  on  samples  of  YBa  Cu  O  prepared  using 
solid  state  reaction  metTiods.  x  The  starting 
materials  were  the  oxides  CuO(s)  and  Y.O,(s)  and 
either  the  usual  BaCO,  or  Ba(NO  )  .  Thestudy  was 
performed  to  examine  -the  effects  2of  the  carbonate 
on  residual  materials  in  the  samples  after 
syntheses. 

The  course  of  the  synthetic  chemical  reaction  was 
studied  by  thermal  analyses.  Mass  spectrometry 
was  used  to  study  residual  materials  in  the 
samples:  comparative  data  for  carbon-oxygen 
species  will  be  presented.  In  addition,  scanning 
electron  microscopy  coupled  with  energy  dispersive 
X-ray  analysis  (SEM-EDAX)  was  used  to  analyze  the 
surfaces  of  the  two  materials.  The  significance 
in  materials  preparation  will  be  discussed. 


M7.55 

ONE-STEP  SYNTHESIS  AND  DENSIFICATION  OF  BULK 
YBajCu^Og/Ni  COMPOSITE  SUPERCONDUCTORS.  C.  Ge- 
linas  and  B.  Champagna,  National  Research  Council 
Canada,  Boucherville,  Quebec,  Canada,  J4B  6Y4 . 


The  fabrication  of  bulk  YBa2Cu30x/metal  composite 
superconductors  is  not  a  straightforward  process 
because  of  the  high  oxygen-temperature  dependence 
of  the  YBa2Cu30x  phase.  After  fabrication  of  the 
composite  at  high  temperature,  it  is  almost  im¬ 
possible  to  diffuse  oxygen  through  the  metal 
envelope  into  the  densified  compound  to  restore 
the  required  oxygen  content  for  superconductivity 
above  77K.  To  overcome  this  drawback,  it  is  pos¬ 
sible  to  synthesize  YBa2Cu40g  under  high  oxygen 
pressure.  This  compound  is  a  more  stable  oxygen 
stoichiometry  phase  and  could  remain  supercon¬ 
ductive  after  densif ication  at  high  temperature. 


In  this  work,  hot  isostatic  pressing  (HIPing)  was 
used  to  synthesize  and  density  YBa2Cu40g/Ni  com¬ 
posite  superconductors  in  a  single  step.  The 
choice  of  the  starting  materials  was  made  in 
order  to  generate  various  oxygen  pressures  within 
Ni  cans  during  HIPing.  Two  different  types  of 
precursors  were  used:  oxide  powders  mixed  in 
stoichiometric  amounts  (Y2O3,  BaC>2,  CuO  and  CU2O) 
and  YBa2Cu30x  with  CuO  and  Ba02 . 

Depending  on  the  precursors  and  the  HIPing 
parameters,  various  Y-Ba-Cu-0  phases  are  formed: 
YBa2Cu40g,  Y2Ba4Cu7015_x  and  Y2BaCu05-  Micro¬ 
structure  and  superconductive  properties  of  these 
HlPed  HTSC/Ni  composites  are  presented. 


M7.56 

IN-SITU  PROCESSING  AND  REACTION  OF  COj  WITH  YHa2Cu,0,  . 

C  Michael  Grccnlicf  Joseph  F.  Bringlcy,  Stephen  M.  Gates,  Bruce  A.  Scott, 
Sieven  S.  Trail,  and  Christopher  Dlimic,  IBM.  Research  Division.  I.  J 
Watson  Research  Center,  York  town  Heights.  NY  M59R 

The  recent  discovery  of  high  temperature  superconductivity  near  90  K  in  the 
Y-Ba-Cu-0  and  related  systems  has  generated  tremendous  amounts  of  new  ex¬ 
perimental  and  theoretical  research  on  these  materials.  Ilic  properties  of 
polycrystaUine  Ylia3Cu,0,„  can  be  strongly  influenced  by  the  absorption  or 
ambient  gases  during  processing  and  measurement.  Studies  of  these  ambient 
'impurity'  effects  in  carbonate-prepared  YBa.CujO,.,  under  ultra-clean  condi¬ 
tions  has  been  studied  is  a  two  part  ultra-ltigli  vacuum  chamber  in  which  ce¬ 
ramics  and  thin  films  can  be  exposed  to  various  gases  at  temperatures  up  to 
1200  K  and  pressures  up  to  I  atm.  The  chamber  can  then  be  evacuated  to  Ul  IV 
for  Temperature-Programmed-Desorption  (TI’D)  and/or  four-point  resistivity 
measurements.  The  volatile  impurity  levels  of,  and  reactions  with,  YBa.CujO,, 
were  studied  in  the  chamber  as  different  processing  procedures  were  performed. 


Heating  of  superconducting  YBa2CujO,_,  to  temperatures  of  up  to  925  K 
jw  that  CO,  and  11,0  are  the  major  volatile  impuntics  observed  in  1 1  D. 
wir  level  can  be  reduced  greatly  by  repealed  annealing  of  the  samples  in  oxygen 
XI  Tore,  673  K).  In-situ  resistivity  measurements  show  that  as  these  tmpunty 
els  are  decreased,  the  superconducting  transition  sharpens;  however,  no  change 
T  is  observed.  TI’D  was  also  used  to  monitor  the  out-diffusion  ol  U;, which 
cureed  with  a  activation  energy  of  1,8  cV.  Both  the  fully  oxidized  ( 
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YB»,CujO,)  and  Y Ba.Cu30, ,  form  of  Ihe  material  were  exposed  to  C02  at  mild 
temperatures  (325-725  K),  TPD  measurements  show  that  the  latter  absorbs  sig¬ 
nificantly  mote  CO,.  Indirect  evidence  by  Tl’D  and  by  X-ray  powder  diiTraction 
will  be  presented  which  suggests  that  C02  can  insert  into  oxygen  vacancies  in  the 
partially  reduced  material,  furthermore,  the  absorption  of  C02  impedes  the 
kinetics  of  subsequent  oxygen-uptake  in  this  temperature  range.  C02  is  found 
to  be  a  reducing  agent  for  Y-Ba-Cu-0  system  under  relatively  mild  conditions. 
Preliminary  experiments  with  YIla.Cu306  indicate  that  C02  causes  appreciable 
reduction  to  copper  metal  at  temperatures  as  low  as  71b  K 

’Present  Address:  Department  of  Chemistry,  University  of  Missouri,  Columbia, 
MO  65211. 

M7.57 

A  SYSTEMATIC  STUDY  OF  THE  EFFECTS  OF  METAL  SUBSTITUTIONS 
FOR  Cu  IN  YBa,(Cu1.xMx)307  «.  M=A1,  Ga,  Fe,  Ni,  Zn. 
Youwcn  Xu,  A.  R.  ~Moodcnbaugh,  Y.  L.  Wang,  M.  Suenaga,  and 
R.  L.  Sabatini,  Materials  Science  Division,  Brookhaven 

National  Lab..  Upton.  NY  1  1973.* 

A  series  of  Cu-substituted  samples  was  prepared  using  well 
controlled  and  reproducible  procedures  >  .  These 
preparation  methods  resulted  in  samples  with  typical  grain 
sizes  of  >5um.  This  relatively  large  grain  size  allowed 
microprobc  studies  of  individual  grains  to  determine 

composition  of  the  1:2:3  phase.  Microprobe  was  also  used 

to  check  for  additional  phases.  Solubility  limits  of 
substitutions  for  Cu  in  these  samples  are  estimated. 
Superconducting  transition  temperatures  and  lattice 
parameters  arc  presented.  It  is  suggested  that  some  of 
the  wide  discrepancies  among  reported  Tc's  reported  in  the 
literature  may,  at  least  in  part,  be  due  to  variation  in 

oxygen  content  of  samples  prepared  differently.  In  the 
case  of  Ga,  a  smooth  variation  of  Tc  and  lattice 

parameters  for  xSO .10,  has  been  widely  assumed  to  be  good 
evidence  for  a  significant  solid  solution.  However  our 
microprobc  studies  show  no  evidence  for  Ga  content  of  the 
1:2:3  phase  down  to  the  x-0.01  level.  Preliminary  studies 
also  show  no  evidence  for  solid  solution  above  x*0.0l  when 
substituting  Mn,  Cr,  Zr,  and  Ti  for  Cu  in  1:2:3. 

•Supported  by  the  US  DOE  Office  of  Basic  Energy  Sciences, 
Division  of  Materials  Science,  under  Contract  DE-AC02- 
16CH00016. 

Jvouwcn  Xu,  ct  al„  Pliyx.  Rev.  638^7084,  1988. 

"Youwcn  Xu.  cl  al.,  Phyx.  Rev.  B39.  6667,  1989. 


M7.58 

PREPARATION  OF  Ca-SUBSTITUTED  YBa2Cu<|08- 
X^-MiyataXe l,  K.Yamaguchi,  T.Takata,  S.Gotoh 
N . Koshizuka  and  S. Tanaka,  Superconductivity 
Research  Laboratory  (SRL) ,  ISTEC,  1-10-13, 
Shinonome,  Koto-ku,  Tokyo,  135,  Japan 

Synthesis  of  bulk  superconducting  YBa2Cu408  ("1- 
2-4"),  containing  double  Cu-0  chains,  has  been  so 
far  done  by  following  two  methods,'  high  oxygen 
pressure  annealing  method  [1-2],  and  ambient 
oxygen  reaction  method  with  alkari  carbonate  [3], 
In  this  report,  we  describe  a  preparation  method 
combined  with  the  two  methods  and  properties  of 
Ca-substituted  »i-2-4"  compound. 

Samples  with  various  compositions  were  prepared 
by  the  solid  state  reaction  method  starting  with 
Y2©3r  Ba (NO3 ) 2 ,  CuO  and  CaC03 .  High  quality 
polycrystalline  materials  were  obtained  when  HIP 
treatm*nt  in  Ar-t-02  gas  enviroment  was  performed 
after  the  ambient  oxygen  reaction.  X-ray 
diffraction  showed  that  each  sample  had  the  "1- 
2-4"  structure,  with  no  second  phase.  We  also 
discuss  about  the  superconducting  properties  of 
Ca-substituted  "1-2-4"  samples. 

(lJJ.Karpinski  et  al . ; NATURE, 336(1989) 660 . 

(2  JR.M.Hazen  et  al .  ,-Appl  .Phys. Lett .,  54  (1989)  1057  . 

[ 3 ] R . J . Cava  et  al.;NATURE, 338(1989)328. 


M7.59 

ROLE  OF  SILVER  IN  YBa2Cu3Agx07.g  COMPOSITE 
SUPERCONDUCTORS.  L.  Ganapathi,  Ashok  Kumar  and  J. 
Narayan  ,  Department  of  Materials  Science  and  Engineering 
North  Carolina  State  University,  Raleigh,  N.  C.  27695-7916 

Superconducting  properties  and  microstructures  of  the 
YBa2Cu3Agx07_g  composites  have  been  studied  as  a  function  of 

silver  content,  0  <  x  <  6,  using  a  variety  of  techniques. The 
superconducting  transition  temperature, Tc,  of  these  composites 
was  found  to  be  the  same,  -  90  K,  for  the  above  range  of 
compositions.  The  composites  with  x  >  3  are  found  to  have 
resistivity  behavior  identical  to  silver  metal  above  the 
superconducting  transition  temperature.  The  peritectic 
transformation  temperature  of  the  123  material  in  the  composite  is 
lowered.  Alloy  formation  between  Ag  and  Cu  is  proposed  to  take 
place  triggering  the  peritectic  transformation  at  lower 
temperatures.  The  silver  is  observed  in  the  form  of  precipitates  at 
very  low  concentrations  of  silver ,  indicating  that  silver  does  not 
substitute  for  copper  in  YBa2Cu30y.  Lattice  parameters  of  the 
composites  were  found  to  be  invariant  throughout  the  above 
composition  range.  The  addition  of  Ag20  in  the  starting 
composition  seems  to  stabilize  the  stoichiometric  YBa2Cu3C>7  by 
way  of  decomposition  to  Ag  and  O,  also,  the  better  diffusion  of 
oxygen  through  silver  in  comparison  with  that  through  the 
superconductor  helps  the  regeneration  of  superconductivity  in  the 
composite  superconductor. 

M7.60 

SOL-GEL  PREPARATION,  MICROWAVE  SINTERING  AND 
MICROWAVE  PROPERTIES  OF  SUPERCONDUCTING  POWDER. 
Fathi  Selmi.  H.S.  Dcwan,  *S.  Komarneni,  V.K.  Varadan  and  V.V. 
Varadan,  Research  Center  for  the  Engineering  of  Electronic  and  Acoustic 
Materials,  149  Hammond  Building,  *  Materials  Research  Laboratory,  The 
Pennsylvania  State  University,  University  Park,  PA  16802. 


Ultra-pure  superconducting,  Y  Ba7  CU4  Ox,  powder  was  synthesized 
using  the  sol-gel  technique.  Conventional  and  microwave  sintering  of 
both  commercial  and  sol-gel  prepared  powders  were  investigated  and  the 
sintered  samples  were  characterized  and  compared  in  terms  of 
densification  and  particle  size.  The  dielectric  properties  were  also  studied 
at  microwave  frequencies  as  a  function  of  temperature  and  preparation 
conditions. 


M7.61 

PHASE  RELATIONSHIPS  IN  THE  Y-Ba-Cu-0  IN  WET  CO,  EN 
VIRONMENTS  J  J  SIMMINS.  Eutech  Engineering  Technologies.  Al¬ 
fred,  NY  14802.  G.S  F'SCHMAN,  and  R  L  SNYDER.  N  Y  S  Coll-ge 
of  Ceramics  at  Alfred  University.  Alfred.  NY  14802. 

Reactions  involving  carbon  dioxide  with  compounds  in  the  Y-Ba-Cu-0 
syitem  are  currently  under  investigation  Several  interesting  phenom¬ 
ena  have  been  discovered  For  example,  it  has  been  found  that  the 
decomposition  of  YtBa,CujOa.,f  in  wet  CO,  proceeds  by  a  step-wise 
process'  involving  intermediate  compounds  It  has  also  been  observed 
that  decomposition  does  not  take  place  readily,  at  high  temperatures, 
without  the  presence  of  water  vapor  in  the  system  The  decomposrlron 
of  the  211  "green  phase"  proceeds  in  a  single  step. 
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Simultaneous  thermal  analysis  (STA)  was  performed  in  both  wet 
and  dry  COj  environments  to  determine  the  kinetics  of  reaction  and  ac¬ 
tivation  energies  for  C02  decomposition  In  the  case  of  YiBajCu30j+< 
profile  fitting  of  the  STA  data  was  needed  to  determine  the  rates  of  the 
individual  reactions  In-situ  as  well  as  post  mortem  X-ray  diffraction 
was  used  to  confirm  these  mechanisms 

Experimental  results  as  well  as  techniques  will  be  discussed 

M7.62 

PREPARATION  OF  FIBROUS  Bi (Pb) -Sr-Ca-Cu-0  CRYSTALS 
CONTAINING  THE  HIGH-Tc  PHASE.  Ichiro  Matsubara. 
Hideo  Tanigawa,  Toru  Ogura,  Hiroshi  Yamashita, 
Makoto  Kinoshita,  Government  Industrial  Research 
Institute  Osaka,  Ikeda  City,  Osaka;  and  Tomoji 
Kawai,  Osaka  University,  Ibaraki  City,  Osaka. 

Fibrous  crystals  containing  the  high-Tc  phase  of 
8 i  (  Pb ) - Sr -Ca -Cu-0  superconductor  have  been 
prepared  by  heating  a  glassy  melt-quenched  plate 
in  a  stream  of  oxygen  gas.  Each  fiber  is  composed 
of  several  platelike  single  crystals  which  are 
stacked  in  layer  structure.  The  dimension  of  the 
fibers  are  2-10/xm  x  10-300/tm  x  3-15mm.  The  fibers 
shows  a  remarkable  resistance  drop  at  105K  and 
Tc(end)  at  70K.  The  high-Tc  phase  is  detected  on  a 
micro  area  X-ray  diffractometer  and  the  High-Tc 
crystals  are  stacked  between  the  low-Tc  platelike 
crystals.  The  fibers  have  a  single  crystal  nature 
and  can  be  bent  to  a  radius  of  curvature (R)  of 
0.4mm  without  a  decrease  in  the  Tc  value.  The 
highest  Jc  is  67000A/crn  (63K ,  zero  magnetic  field^ 
in  a  nonbending  state.  It  surpasses  35000A/cm 
even  in  a  bending  state2of  R>lmm  and  finally 
decreases  down  to  3200A/cm  for  R=0.4mm. 
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PRELIMINARY  INVESTIGATION  OF  PROCESSING  AND 
PHASE  DIAGRAM  CONSTRUCTION  IN  THE  Y-Sr-Cu-0 
SYSTEM.  Xa.  IL.  E°liQ,  F-  S.  Cheng,  J.  R.  Ashburn, 
H.  Y.  Cheng,  E.  E.  Anderson,  The  University  of 
Alabama  in  Huntsville,  Huntsville,  AL  35899. 

We  have  investigated  the  Y-Sr-Cu-0  system  which 
forms  a  K2NiF4  40K  superconducting  phase  in 
addition  to  an  80K  phase  of  hypothesized 
stoichiometry  Yi+xSr2_xCu30..  Difficulties  in 
processing  single  phase  materials  by  standard 
solid  state  reaction  of  carbonates  and  oxides 
have  compelled  us  to  explore  other  methods.  A 
two-step  solid  state  processing  technique  as 
well  as  a  coprecipitation  method  will  be 
discussed  including  the  relative  advantages  and 
disadvantages  of  each.  We  will  also  report 
results  of  preliminary  TGA/DTA  measurements  of 
samples  with  several  Y  to  Sr  ratios.  From  data 
obtained  we  have  mapped  some  of  the  ternary 
phase  diagram,  particularly  encompassing  the 
region  expected  to  be  favorable  for 
nonstoichiometric  crystal  growth.  This  region 
of  interest  includes  [pseudo] binary  cuts  along 
Y1Sr1Cu102-Cu0  and  Y^SrjCu-jOj-CuO. 
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OXIDATION  AND  REDUCTION  KINETICS  OF  Bi2Sr2Cu06.y 
CRYSTALS.*  Edward  Sonder.  B.C.  Chakoumakos,  and  B.C 
Sales.  Solid  State  Division.  Oak  Ridge  National  Laboratory  P  O 
Box  2008,  Oak  Ridge,  TN  37831-6056. 


The  oxygen  content  of  Bi2Sr2Cu06.y  single  crystals  can  be 
reversibly  varied  between  y-0  and  y«= 0.4  by  suitable  heat 
treatment  in  either  oxygen  or  helium  gas.  Only  crystals  with 
close  to  the  maximum  oxygen  content  (y=0)  are  superconducting 
above  4.2  K.  A  thermogravimetric  study  was  made  of  the 
oxidation  and  reduction  kinetics  of  a  group  of  small  single 
crystals  with  typical  dimensions  of  5  x  5  x  0.05  mm.  For  these 
measurements  the  oxygen  content  of  the  crystals  was  repeatedly 
changed  from  y»0  to  y«0.4.  Oxidation  rates  were  studied  in 
flowing  oxygen  over  the  temperature  range  450-800°C,  and 
reduction  rates  were  investigated  in  flowing  helium  gas  over  the 
temperature  range  740-800°C.  The  activation  energy  for 
oxidation  was  f  eV/atom,  which  was  much  smaller  than  the 
activation  energy  for  reduction  of  5  eV/atom.  Attempts  to  remove 
more  than  0.5  oxygens  per  formula  unit  resulted  in 
decomposition  of  the  Bi2Sr2Cu06.y  structure  and  the  formation 
of  orthorhombic  Bi2Sr20s. 


'Research  sponsored  by  the  Division  of  Materials  Sciences,  U.S. 
Department  of  Energy  under  contract  DE-AC05-840R21400  with 
Martin  Marietta  Energy  Systems,  Inc. 
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HIGH-TEMPERATURE  DEFORMATION  OF  YBa2Cu307.8 
WITH  Ag  ADDITIONS.*  J,  L.  Routbort.  K.  C.  Goretta, 
J.  Sulek,  and  J.  P.  Singh,  Argonne  National  Laboratory, 
Argonne,  IL  60439 

Second  phase  silver  additions  have  been  observed  to  increase 
the  density  of  YBa2Cu307-5  (123)  and  result  in  enhanced  room- 
temperature  fracture  toughness,  strength  and  critical 
current  density  (Je).  Further  increase  in  Jc  can  be  achieved 
by  the  texture,  which  can  be  induced  by  plastic  deformation. 
Therefore,  the  steady-state  flow  stress  of  1-2-3  samples 
containing  10  and  20  vol.  %  Ag  has  been  measured  in  direct 
compression  in  air  at  constant  strain  rates.  The  results  are 
compared  with  those  obtained  from  unalloyed  1-2-3  between 
870°C  and  930°C  for  strain  rates  of  5  x  10  6  to  4  x  10  s  6-1. 

*Work  supported  by  the  U.S.  Department  of  Energy, 
Basic  Energy  Sciences-Materials  Sciences  under  Contract 
#W-31-109-ENG-38. 
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BULK  MODULUS  OF  THE  YBACU0  OXIDE  SUPERCONDUCTOR  OBTAINED 
FROM  MAGNETIC  MEASUREMENTS.  Bokhlmi.  Instltuto  de  Flsica 
UNAM,  a.p.  20-364,  01000  Mexico  D.  F.  ,  Mexico. 

The  Bulk  modulus  of  any  system  is  normally  obtained 
from  measurements  of  its  thermodynamic  or  mechanical 
properties.  In  this  work  it  is  shown  that  starting  from 
magnetic  measurements  of  the  YBACUO  oxide  superconductors, 
it  is  possible  to  obtain  their  Bulk  modulus.  The  magnetic 
susceptibility  at  high  temperatures  of  the  YiBa2Cu307-« 
oxide  superconductors  is  temperature  independent  for  each 
oxygen  deficiency  x.  This  fact  is  explained  if  one  assume 
that  the  charge  carriers  in  this  system  have  a 
free-electron  like  behavior.  With  this  assumption  the 
transition  temperature  to  the  superconducting  state  changes 
linear  with  the  charge  carriers  density.  It  is  known  that 
when  an  external  pressure  is  applied  to  superconducting 
samples  of  YBACUD,  their  transition  temperatures  to  the 
superconducting  state  change  linear  with  pressure.  If  It 
supposed  that  in  this  system  the  pressure  produces  only  a 
change  In  the  volume  of  the  unit  cell,  but  not  In  the 
number  of  Its  charge  carriers,  then  for  this  system  it  is 
found  a  relation  between  the  Bulk  modulus  and  the  magnetic 
susceptibility  at  high  temperatures.  The  values  that  are 
obtained  for  the  Bulk  modulus  of  the  YiBasCusOr-x  oxide 
superconductors  by  this  method,  using  measurements  of  the 
magnetic  susceptibility  at  room  temperature  for  different 
oxygen  deficiencies,  are  of  the  same  order  of  aagnitud  to 
those  reported  in  the  literature,  which  were  obtained  from 
sound-velocity  and  hydrostatic  pressure  measurements. 
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ULTRASONIC  STUDY  OF  THE  LOW  TEMPERATURE  STRUCTURAL  PHASE 
TRANSITION  IN  YBa-CujOj  AND  ITS  DEPENDENCE  ON  OXYGEN 
CONCENTRATION,  J.  Toulouse  and  X.  Q.  Wang,  Physics 
Department,  Bethlehem,  Pennsylvania,  18015;  and  D.  J.  L. 
Hong,  Materials  Research  Center,  Lehigh  University, 
Bethlehem.  Pennsylvania,  18015. 

Elastic  and  structural  instabilities  have  been  reported 
in  YBa2CujOj_j  between  210  and  270K.  In  order  to  better 
characterize  these  instabilities,  we  have  carried  out  an 
ultrasonic  study  as  a  function  of  both  oxygen 
concentration  and  annealing  temperature.  Measurements  of 
the  sound  velocity  and  ultrasound  attenuation  have  been 
performed  with  simultaneous  resistance  measurements.  The 
attenuation  measurements  reveal  two  major  peaks.  The 
upper  peak  occurs  above  200*K.  It  is  relatively  narrow 
(-25*K)  and  its  position,  T  ,  shifts  downwards  with 
decreasing  oxygen  concentration.  An  analysis  of  the 
results  suggests  that  the  upper  peak  is  associated  with 
an  athermal  (martensitic-type)  transition  starting  a  a 
temperature  Ts ,  just  above  T  .  The  onset  of  the 
transformation  also  appears  to  correspond  to  the 
beginning  of  a  steep  rise  in  the  sound  velocity. 
Finally,  a  linear  relationship  is  obtained  between  the 
upper  peak  temperature,  T  ,  and  the  superconducting 
transition  temperature,  Tc ,  suggesting  that  the  second 
phase  formed  is  essential  for  the  high  T_. 
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MAGNETIC  ANISOTROPY  AND  OXYGEN  STOICHIOMETRY  IN 
YBa2Cu307_y.  J_!_  Rj.  Ashburn.  F.  S.  Cheng,  T.  D. 
Rolin,  H .  Y.  Cheng,  E.  E.  Anderson,  The 
University  of  Alabama  in  Huntsville,  Huntsville, 
AL  35899. 

We  have  investigated  the  interrelationship 
between  the  anisotropy  of  the  magnetic 
properties  and  the  oxygen  stoichiometry  in 
single  crystals  of  YBa2Cu307  for  y  between 
zero  and  0.6.  The  crystals  were  grown  from  a 
nonstoichiometric  melt  with  the  oxygen  content 
adjusted  by  quenching  from  appropriate 
temperatures.  Magnetization  (in  fields  up  to 
5  T)  and  susceptibility  (from  4.2  to  100  K)  were 
measured  with  a  SQUID  magnetometer.  Diamagnetic 
shielding  remains  near  100%  for  y  less  than  0.5 
while  Meissner  signals  in  low  fields  decrease  in 
a  stepwise  fashion  paralleling  the  decrease  in 
Tc.  Preliminary  observations  indicate  an 
exponentially  increasing  anisotropy  in  the  lower 
critical  field  with  increasing  y.  However,  the 
lower  critical  fields  and  magnetic  relaxation 
both  parallel  and  perpendicular  to  the  c-axis 
appear  to  vary  non-monotonically  with  increasing 
y  in  a  manner  reminiscent  of  the  behavior  of  the 
normal  state  conductivity  and  suggestive  of  a 
dependence  on  oxygen  ordering. 

M7.69 

OXYGEN  ORDERING  IN  YBa2Cu3Ox.  D.  dc  Fontaine*.  M.E. 
Mann**  and  G.  Ceder*  ‘Deparonem  of  Materials  Science  &  Mineral 
Engineering,  U.C.  Berkeley  and  Lawrence  Berkeley  Lab,  Berkeley,  CA 
94720;  and  **Dept.  of  Physics,  U.C.  Berkeley  and  Lawrence  Berkeley 
Lab,  Berkeley,  CA  94720. 

Oxygen  ordering  in  the  symmetry  plane  of  YBa2Cu3Ox  has  been  studied 
by  the  Cluster  Variation  Method  (CVM)  and  by  Monte  Carlo  simulation 
in  an  anisotropic  two-dimensional  Ising  model.  The  orthorhombic 
(Ortho  I)  to  tetragonal  transition  is  found  to  be  second  ordeT  at  high 
temperature  and  another  phase,  Ortho  II,  becomes  stable  at  stoichometry 
x»6.5  at  intermediate  temperatures.  States  of  partial  order  are  also 
found  at  low  temperatures  as  a  direct  consequence  of  the  strong 
anisotropy  of  the  second  neighbor  effective  oxygen  interactions. 


Models  based  on  symmetric  Ising  models  are  incapable  of  producing 
ordered  states  beyond  Ortho  I,  stable  or  metastable,  recent  claims  to  the 
contrary  notwithstanding.  The  present  model  reproduces  the  essential 
features  of  TEM  micrographs  and  diffraction  patterns  of  YBa2Cu30x 
samples  aged  at  low  temperature. 

M7.70 

Fe  DOPANT  LARGELY  REPLACES  Cu(2)  PLANAR  SITES  IN  AEROSOL 
PRODUCED  YBa2(Cui-xFev)307.(5SUBMICR0N  GRAINS  AND  DESTROYS 
SUPERCONDUCTIVITY.  P.  Boolchand,  P.  Biswas,  D.  Zhou, 

W.  Huff,  D.  McDaniel,  K.  Eglaid,  Univ.  of  Cincinnati, 
Cincinnati,  OH  45221-0071. 

Several  groups1  have  examined  Fe  metal  doping  effects  in 
the  indicated  cuprate  superconductor  produced  by  con¬ 
ventional  solid  state  reaction  of  powders.  In  such 
samples,  there  is  a  general  concensus  that  Fe  dopant 
largely  (>85%)  enters  in  CUO3  chains  with  the  remainder 
present  in  Cu02  planes.  At  x=0.015,  the  transition 
temperature  Tc  remains  nearly  the  same  as  that  of  the 
pristine  YBa-jCujOj.^  material  of  =  90K. 

We  have  now  prepared  submicron  grains  of  indicated  super¬ 
conductor  using  nitrate  and  Fe-  chloride  precursors  in  an 
aerosol  reactor.  At  an  Fe  dopant  concentration  of 
x=0.015,  Tc  is  found  to  drop  sharply  to  <11K,  from  a 
value  of  65K  for  the  pristine  aerosol  sample.  ^'Fe 
dopant  site  distribution  in  the  aerosol  sample  displays 
largely  a  unimodal  distribution  with  the  planar  -  B  site 
(6=0.02  mm/s  and  A=0.41  mm/s)  as  the  principal  site. 

These  results  suggests  that  aerosol  processing  leads  to 
Fe  dopant  largely  present  in  Cu02  planes.  The  loss  of 
superconductivity  in  such  samples  would  appear  to  be 
consistent  with  the  idea  of  a  magnetic  ion  inducing 
pair-breaking  in  the  CUO2  planes,  as  in  a  conventional 
Nb-based  low-temperature  superconductor. 


P.  Boolchand  and  D.  McDaniel  in  Vol.  4  of  "Studies  of 
High  Temperature  Superconductors",  Editor  A.  Narlikar 
(in  press),  1989. 
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OXYGEN  CONTENT  VARIATION  IN  CATION-DEFICIENT  AND 
CHEMICALLY-DOPED  HIGH-Tc  Y-Ba-Cu-0 
SUPERCONDUCTORS.  Y.H.  Kao.  L.W.  Song,  Y.D.  Yao, 
State  University  of  New  York  at  Buffalo;  and  Z. 
Tao,  K. w.  Jones,  Brookhaven  National  Laboratory, 
Upton,  NY. 

Oxygen  content  in  a  variety  of  high-Tc 
superconductors  has  been  determined  by  using  a 
charged  particle  activation  method1.  Compounds 
studied  in  this  experiment  include  Cu-deficient 
Y-Ba-Cu-0,  Cu/Bi-deficient  Bi-Sr-Ca-Cu-0  and  some 
systems  doped  with  Cr,  Ni,  Nb,  Ag,  and  Pb.  Using 
the  oxygen  content  variation  in  Cu-  and  Bi¬ 
deficient  compounds  as  a  basis,  the  net  effects 
of  chemical  doping  on  the  formal  valence  of 
cations  in  Y-Ba-Cu-0  and  Bi-Sr-Ca-Cu-0  are 
compared  for  different  types  of  impurity  atoms. 

In  the  case  of  Bi-Sr-Ca-Cu-0  compounds,  Cu-  and 
Bi-  deficiencies  give  rise  to  different 
variations  in  the  oxygen  content.  When  each  kind 
of  deficiency  is  replaced  by  a  given  dopant  (e.g. 
Ag  or  Pb) ,  the  net  results  are  significantly 
different.  This  observation  suggests  that  there 
exists  a  compatibility  condition  between  each 
kind  of  cation-deficiency  and  a  given  dopant 
atom. 

This  research  is  supported  by  DOE  and  AFOSR. 

1.  Z.  Tao,  D.E.  Alburger,  K.w.  Jones,  Y.D.  Yao, 
and  Y.H.  Kao,  Appl.  Phys.  Lett.  £2,  1440  (1988). 
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LUMINESCENCE  FROM  DEFECTS  AND  IMPURITY  CENTERS  IN 
Y2O3.  M.  S.  Jahan*.  D.  W.  Cooke,  B.  L.  Bennett,  W.  L.  Hults,  M.  A. 
Maez,  K.  C.  Ott,  and  J.  L.  Smith,  Los  Alamos  National  Laboratory,  Los 
Alamos,  NM  87545. 

Unreactcd  Y2O3  is  frequently  found  in  sintered  YBa2Cu30x 
superconductors  as  an  unwanted  second  phase.  Removal  of  this 
insulating  impurity,  especially  at  the  surface,  is  important  for  achieving 
low  values  of  surface  resistance.  A  convenient  method  for  detecting  the 
presence  of  insulating  material  at  the  surface  is  that  of  thermally  stimulated 
luminescence  (TSL).  Following  y  irradiation  at  RT  and  subsequent 
heating  to  350°C,  Y2O3  emits  characteristic  luminescence,  which  can  be 
used  to  identify  its  presence  in  high-temperature  superconductors. 
Additionally,  the  purity  of  the  Y2O3  starting  material  can  also  be 
determined  by  the  TSL  technique.  Our  investigations  show  that  defects 
and  impurities  exist  even  for  99.999%  pure  material. 

The  characteristic  TSL  glow  curve  of  Y2O3  consists  of  a  main  peak  at 
1 15°C  and  a  knee  at  190°C.  The  corresponding  spectral  emission  is 
comprised  of  broad  bands  at  490  and  630  nm,  and  a  narrow  band  with 
well-  resolved  peaks  at  543  and  550  nm.  An  additional  band,  associated 
with  the  190°C  peak  only,  is  observed  at  590  nm.  These  emission  spectra 
have  been  previously  associated  with  Tb-K  Based  upon  x-ray 
fluorescence  and  chemical  analyses  of  Y2O3,  we  conclude  that  Tb3+  is  not 
the  main  impurity.  This  conclusion  is  further  supported  by  the  fact  that 
intentional  doping  of  Y2O3  with  Tb3*  does  not  alter  the  intensity  of  the 
characteristic  emission  spectra.  A  model  based  upon  electron  centers  (F 
and  F+),  an  unknown  impurity,  and  Tb3*  as  a  deep  trap,  can  adequately 
explain  our  data. 

’  Permanent  Address:  Memphis  State  University,  Memphis,  TN  38152. 
Research  Supported  by  U.S.D.OJE.  and  USA/SDC. 
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RELATION  BETWEEN  THE  CHARACTERISTICS  OF  POWDER  AND  MICRO¬ 
STRUCTURE;  PROPERTIES  OF  CERAMICS  FOR  YBa-Cu^  SUPER¬ 
CONDUCTORS  Meiyu  Zhao,  Chengen  Li,  Xinqvun  Jin, 

Yemang  Huang  Shanghai  Institute  of  Ceramics,  Shanghai 
200050,  P.R.  CHINA 


Four  kinds  of  YBa^Cu-O^  (YBC0)  superconducting  powders  with 
different  particle  sizes,  shapes  and  different  amounts  of 
twins  have  been  prepared  in  this  work.  The  density,  grain 
sizes,  XRD  of  phase  composition,  configuration  of  twins  of 
the  ceramics  have  been  investigated.  The  relation  between 
the  characteristics  of  YBC0  powders  and  the  microstructure, 
current  density  of  the  bulkmaterials  are  also  discussed.  In 
contrast  to  the  improved  YBC0  powder  prepared  by  solid  state 
method,  the  YBC0  powders  through  the  improved  coprecipita- 
tion  approach  have  less  impurities,  smaller  particle  size, 
and  much  more  amounts  of  twins,  as  well  as  the  sintered 
pellets  show  a  higher  density  (the  highest  density  around 
97S  of  the  theoretical  density),  an  orthorhombic  single 
phase,  and  moreover,  the  pellets  have  finer  grain  boundaries 
and  well  developed  twins.  As  a  result,  these  samples  exhibit 
current  densities  (about  1500  A/cm  )  higher  than  those  pre¬ 
pared  by  solid  state  method.  Using  BaO-  instead  of  BaCOj  ds 
the  starting  material,  a  more  dense  bulk  YBC0  ceramics  with 
orthorhombic  single  phase  and  Jc  (about  1,000  A/cm  )  can 
have  also  been  fabricated  by  solid  state  method. 

M7.74 

LOW-RESISTIVITY  CONTACTS  TO  HIGH-TEMPERATURE  SUPERCON¬ 
DUCTORS.  T.  II.  Tiofel,  S.  Jin,  M.  E.  Davis,  R.  B.  van 
Dover,  R.  C.  Sherwood,  H.  M.  O'Brvan,  G.  W.  Kammlott 
and  R.  A.  Fastnacht,  ATST  Bell  Laboratories,  Murray 
Hill,  NJ,  07974. 

An  essential  requirement  in  evaluation  of  the  current 
carrying  capability  (Jc)  as  well  as  for  actual  high- 
current  applications  of  the  high  Tc  oxide  supercon¬ 
ductors  is  the  preparation  of  robust,  low-resistance 


electrical  contacts  to  the  superconductor.  In  this 
paper  convenient  in-situ  preparation  methods  for 
obtaining  extremely-low-resistivity  contacts  to  bulk 
high  Tc  superconductors  (p-  in  the  range  of  10-12  ^ 

10* 11  0  -cm2}  are  described.  Three  different 
configurations  of  silver  contact  metal  in  Y-Ba-Cu-0 
have  been  employed,  i.e.,  embedded  Ag  wire,  embedded 
Ag  particles,  and  selectively  patterned  Ag-clad  on 
superconductor  wire.  In  all  three  cases,  the  low- 
resistivity,  metallic  contacts  are  formed  during  the 
sintering  or  melt-processing  of  the  superconductor, 
thus  eliminating  the  need  for  separate  steps  of 
contact  preparation  such  as  vacuum  deposition  of 
contact  metal  and  additional  heat  treatment.  The 
distribution  and  morphology  of  the  silver  contacts 
will  be  discussed.  The  measured  contact  resistivities 
in  the  present  work  are  the  lowest  reported  for  the 
high  Tc  superconductors,  and  these  methods  may  serve 
as  a  useful  basis  for  important  contact  technologies 
needed  for  bulk  superconductor  applications. 

M7.75 

OXYGEN  ORDERING  AND  SAMPLE  INHOMOGENEITY  IN 
YBa2Cu307_{.  Y.  Bruynseraede,  J.  Vanacken,  B.  Wuyts  and  I.K. 
Schuller*,  Laboratorium  voor  Vaste  Stof-Fysika  en  Magnetisme,  Ka- 
tholieke  Universiteit  Leuven,  3030  Leuven,  Belgium;  'Physics  Depart¬ 
ment  -  B019,  University  of  California  -  San  Diego,  La  Jolla,  California 
92093,  USA. 

Gas  evolution,  x-ray  diffraction  and  critical  temperature  measure¬ 
ments  are  reported  on  two  sets  of  YBa2Cu307_<  samples  as  a  function 
of  oxygen  and  metal  ion  composition.  The  oxygen  deficient  samples 
were  prepared  by  annealing  (at  400°C)  in  vacuum  (~  10~6  Torr)  for 
varying  lengths  of  time.  Initially,  a  large  change  in  "chain"  occupancy 
accompanied  by  a  decrease  in  Tc  from  90  K  to  60  K  is  observed. 
Longer  annealing  yields  a  decrease  of  the  60  K  superconducting  frac¬ 
tion,  probably  due  to  oxygen  ordering  effects  since  the  oxygen  content 
stays  constant.  In  one  set  of  YBa2Cu307_s  samples,  and  probably  due 
to  inbomogeneities,  we  observed  the  coexistence  of  two  superconduct¬ 
ing  phases  in  the  temperature  region  90  K  -  60  K. 

Y-substitutions  with  different  Pr  concentration  in  YBa2Cu3C>7-6  were 
also  investigated.  The  presence  of  Pr  strongly  affects  Tc  while  the 
oxygen  evolution  behavior  does  not  change  at  all. 

This  work  is  supported  by  the  Belgian  Inter  University  Institute  for 
Nuclear  Sciences  (I.I.K.W.),  the  Inter  University  Attraction  Poles 
(I.U.A.P.)  and  Concerted  Action  (G.O.A.)  Programs  (at  K.U.L.)  and 
the  U.S-  Office  of  Naval  Research  under  contract  number  N00014-88K- 
0480  (at  U.C.S.D.).  International  travel  was  provided  by  NATO.  Two 
of  us  (J.V.  and  B.W.)  would  like  to  thank  the  Belgian  I.W.O.N.L.  and 
F.K.F.O.  for  financial  support. 

M7.76 

MAGNETIC  FIELD  CONTROLLED  LEVITATION  AND  SUS¬ 
PENSION  OF  A  MAGNET  ABOVE  AND  BELOW  TYPE  II 
SUPERCONDUCTORS.  Takeshi  Takamori,  John  J.  Boland  and 
Derek  B.  Dove,  IBM  Research  Division,  Thomas  J.  Watson  Research 
Center,  Yorktown  Heights,  NY  10598 


Levitation  and  suspension  of  a  permanent  magnet  can  be  controlled 
by  combination  of  a  variable  magnetic  field  and  a  type  II  supercon¬ 
ductor  (YBajCujO,).  It  has  been  observed  that  a  continuous  range 
of  distances  exists  where  stable  levitation  and  suspension  may  be 
obtained,  and  that  the  orientation  of  magnetic  moment  of  the 
levitated  or  suspended  magnet  is  also  adjustable  over  a  range  of  an¬ 
gles.  The  incorporation  of  the  magnetic  element  makes  it  possible 
to  suspend  much  higher  mass  than  reported  previously.  Observa¬ 
tions  are  presented  with  a  short  movie. 
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M7.77 

INTERACTIONS  BETWEEN  SILVER  AND  YBa2Cu307.&. 

A  H.  Carim.  Center  for  Micro-Engineered  Ceramics  &  Department  of 
Chemical  and  Nuclear  Engineering,  University  of  New  Mexico, 
Albuquerque,  NM  87131;  R.  E.  Loehman,  Dept.  1840,  Sandia  National 
Laboratories,  P.O.  Box  5800,  Albuquerque,  NM  87185;  A.  P.  Tomsia 
and  J.  A.  Pask,  Pask  Research  and  Engineering,  Pinole,  CA. 

Given  the  importance  of  the  Ag-YBa2Cu307.g  system  for  electrical 
contacts  to  the  superconductor,  metal-clad  wires,  and  high-ductilitv 
composites,  the  reactions  that  occur  between  the  two  materials  are  of 
substantial  interest.  We  have  utilized  a  variety  of  techniques,  including 
sessile-drop  experiments,  SEM/EDS,  electron  microprobe,  and  TEM  to 
characterize  the  interaction  of  silver  with  YBa2Cuj07.s  (123).  The 
contact  angle  of  a  liquid  Ag  droplet  on  the  123  surface  decreases  with 
increasing  oxygen  partial  pressure  and  with  time  at  high  temperature. 
Silver  rapidly  penetrates  the  pores  and  grain  boundaries  in  the  sintered 
superconductor  pellet  at  temperatures  at  or  above  940°C.  The  mechanism 
for  wetting  by  silver  is  the  reaction  of  Ag  with  oxygen  supplied  by  the 
ambient  or  from  reduction  of  nearby  123  grains.  This  apparently  leads  to 
a  decomposition  of  the  superconductor  into  Y2BaCuOs  (211)  and  a 
liquid  rich  in  Ba  and  Cu,  which  in  turn  solidifies  as  BaCuCb  and  other 
products.  X-ray  maps,  microprobe  line  scans,  and  TEM  confirm  that 
grains  surrounded  by  silver  have  been  reduced  to  21 1  and  furthermore 
indicate  the  presence  of  BaCuC>2  panicles  nearby.  Less  decomposition 
of  123  is  observed  at  higher  oxygen  partial  pressures,  since  the  ambient 
provides  a  greater  supply  of  oxygen. 

M7.78 

TEMPERATURE  DEPENDENT  FAR  INFRARED  STUDIES 
OF  MAGNETICALLY-ORIENTED  YBa2CuiO:.t 
F.Lu*.  C.H.  Perry*,  K.  Chen  and  R.S.  Markiewicz 
Physics  Department,  Northeastern  University,  Boston  MA  02115 

The  polarized  (E  ||  c  and  E  X  c)  optical  response  of  magnetically- 
oriented  (  >  95%c-axis  )  YBa2Cu202„(  93K  superconducter  are 
reported  over  a  wide  energy  range  from  2-3000  meV  '.  Our  far 
infrared  reflectivity  studies  have  been  extended  from  300-  10K. 
Strong  anisotropic  changes  in  the  low  frequency  spectra  are  ob¬ 
served  between  the  normal  and  the  superconducting  states;  the 
most  pronounced  are  associated  with  the  E  X  c  spectrum.  The 
latter  also  displays  well  defined  phonons  in  contrast  to  the  high 
conductivity  ab-plane.  Various  model  parameters  associated  with 
the  phonons,  plasma  frequencies  and  relaxation  rates  have  been 
deduced  from  fits  to  the  data. 

1  F.  Lu,  C.H.  Perry,  K.  Chen,  and  R.S.  Markiewitz,  J.O.S.A.B6, 
39C, (1989) 

‘Supported  in  part  by  NSF  grant  #DMR  8604706  and  North¬ 
eastern  University  Research  and  Development  Fund. 


Raman  spectroscopy  to  identify  the  phases  that  form.  We  are  also 
investigating  the  mechanism  by  which  Cu  diffuses  through  the  Au. 
The  various  applications  require  different  superconductor/metal 
contact  configurations  that  see  different  environments.  This  can 
influence  the  superconductor/metal  interaction.  Specifically,  our 
experiments  have  the  superconductor  completely  surrounded  by 
metal  (metal  clad  wire),  the  metal  completely  surrounded  by 
superconductor  (metal  powder  additions  to  the  superconductor),  and 
a  planar  interface  between  the  metal  and  superconductor  (electrical 
contact  for  devices). 

M7.80 

EFFECT  OF  SURFACE  ROUGHNESS  ON  PENETRATION  DEPTH  IN 
THE  Y  AND  Bi  HIGH-TEMPERATURE  SUPERCONDUCTORS.  J.  W. 
Purpura  and  T.  R.  Clem,  Naval  Coastal  Systems  Center,  Panama  City,  FL. 

Bulk  polycrystalline  tubes  of  Y-Ba-Cu-0  and  Bi-Sr-Ca-Cu-O 
high-temperature  superconductors  were  fabricated  with  varying  degrees  of 
inner  wall  surface  roughness.  The  tubes  are  evaluated  by  means  of  SQUID 
magnetometry.  Estimates  of  the  intergranular  penetration  depth  are  given 
based  on  measurements  of  the  temperature  variation  of  the  axial  magnetic 
field  trapped  within  the  center  bores  of  the  tubes.  Deviations  from  the 
Gorter-Casimir  temperature  dependence  are  discussed.  The  superconducting 
phases  within  the  samples  were  identified  by  x-ray  powder  diffraction. 
Scanning  electron  microscopy  was  performed  to  measure  surface  roughness, 
grain  size,  and  grain  size  uniformity.  Four-point  resistivity  measurements 
were  conducted  to  determine  critical  temperature.  The  effect  of  surface 
properties  on  magnetic  hysteresis  is  also  examined. 

M7.81 

ANALYSIS  OF  LOW  TEMPERATURE  PHASE  TRANSITION 
PRIOR  TO  SUPERCONDUCTIVE  BEHAVIOR  IN  HIGH  TEM¬ 
PERATURE  SUPERCONDUCTORS.  M.  A.  RODRIGUEZ  and  R. 

L  SNYDER,  N.Y.S.  College  of  Crramici  at  Alfred  University,  Al¬ 
fred,  N.Y.  14802. 

Recent  reports  have  discussed  the  possiblity  of  a  low  temperature 
phase  transition  in  the  high  temperature  superconductors  just  prior 
to  the  illustration  of  superconductive  behavior. 

This  presentation  will  attempt  to  confirm  this  phenomena  for 
the  123  compound  in  the  Y-Ba-Cu-0  system  as  well  as  investigate 
the  possiblity  of  this  transition  in  other  high  Tc  materials  such  as 
the  Bismuth  and  Thallium  compounds  Phases  to  be  investigated 
in  these  systems  include  2201,  2212,  and  2223  compounds. 

Syncrotron  radiation  shall  be  used  for  data  collection.  Experi¬ 
ments  shall  be  run  a:  the  NSLS  located  Brookhaven  National  Labs. 

M7 .82 

MAGNET  REPLICA  BY  HIGH  Tc  SUPERCONDUCTORS  R.  Weinstein, 
Tn.r.ann  Then.  J.  Liu,  and  D.  Parks,  Institute  of  Beam  Particle 
Dynamics/Texas  Center  for  Superconductivity,  University  of  Houston, 
Houston,  TX  77204 


M7.79 


HIGH-TEMPERATURE  INTERACTIONS  BETWEEN  OXIDE 
SUPERCONDUCTORS  AND  ELECTRICAL  CONTACT 
MATERIALS.  R.D.  Rav  II  and  E.E.  Hellstrom,  Department  of 
Materials  Science  and  Engineering,  University  of 
Wisconsin-Madison,  1509  University  Ave.,  Madison,  WI  53706. 


Electronic  devices  and  high-field  applications  of  high-temperature 
superconductors  require  contact  between  the  superconductor  and  a 
metal  conductor.  Some  processing  steps  require  that  this  contact  be 
heated  to  elevated  temperatures.  Whereas  at  room  temperature,  no 
reaction  was  observed  between  123  and  a  sputtered  overlayer  of  Au 
or  Ag,  we  have  shown  that  Au  can  extract  Cu  from  123  at  875‘C, 
causing  it  to  decompose.  With  Ag  we  observe  Ba  loss  from  123  at 
875*  C.  The  decomposition  products  with  Au  and  Ag  are  being 
studied  with  x-ray  diffraction,  microprobe  analysis,  ana  Auger  and 


When  a  superconductor  (SC)  ha»  imperfections,  the  field  may  be 
contained,  or  pinned.  This  "Incomplete  Meissner  Effect"  allows  the 
production  of  magnet  replicas,  which  are  bulk  superconductor  with 
persistent  internal  currents  which  reproduce  the  parent  magnetic  field. 
The  field  remains  in  place  due  to  pinning  and  is  an  excellent  copy  of  the 
parent  field,  independent  of  the  shape  of  the  SC.  This  phenomenon  has 
been  demonstrated  on  low  Tc  SCs  with  fields  up  to  2.25T.  An  extension  of 
this  study  to  high  Tc  SCs  has  been  conducted.  Magnetic  fields  trapped  in 
both  longitudinal  and  transverse  directions  are  measured  in  hollow 
cylindrical  samples  and  other  configurations.  Effect  of  Ag  addition  and 
grain  site  on  the  amount  of  field  trapped  have  also  been  studied. 
Magnetic  fields  of  over  100  gauss  have  been  detected  for  samples  with 
large  grains  and  Ag  addition.  Giant  flux  creep  effect  associated  with  the 
high  Tc  SCs  has  been  studied  by  the  field  vs.  time  measurements. 
Significantly  slower  flux  creep  rate  it  observed  in  samples  with  Ag 
addition  and  large  grains.  Calculations  of  the  internal  current  indicate 
that  magnetic  field  higher  than  1  T  can  be  achieved  by  materials 
produced  by  the  partial  melting  process, in  which  transport  Jc  higher  than 
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104  amp/cm2  at  77  K  and  low  field  have  been  measured. It  is  suggested 
that  this  method  can  be  used  to  characterize  the  bulk  transport  current  and 
homogeneity  of  SC  samples.  It  is  experimentally  noted  that  magnetic 
field  can  be  added  by  attaching  more  than  one  SC  samples  together.  The 
application  of  this  magnet  replica  technique  can  be  very  significant  in 
many  areas  due  to  its  low  energy  consumption,  low  weight,  and  good 
multipole  reproduction.  No  direct  electricity  to  the  magnet  is  needed. 
Maintaining  the  LN  temperature  is  the  only  energy  consumption. 
Prominent  applications  include  high  efficiency  motor/generator,  MKI 
magnets,  and  particle  beam  steering  devices. 


Magnetic  phase  diagram  was  determined  by  the 
measurements  of  magnetic  susceptibility  and  posi¬ 
tive  muon  spin  relaxation.  At  low  temperatures, 
spin  glass  phase  transition  was  found  and  both  su¬ 
perconducting  phase  and  spin  glass  phase  are 
coexistent . 

M7.85 

ATOMISTIC  DEFECT  MODELS  OF  YBa2Cu,0_  Roger  C.  Baetzold, 
fogtypun  Kodak  Company,  Rochester,  NY  14650-0200 X. 


(DSalama  et  al,  Appl.  Phys.  Lett.,  June  1989. 


M7.83 

DISTRIBUTION  OF  IRON  OVER  COPPER  SITES  IN 
GdBa2(Cui-,Fe*)307-8-  H.J.  Bornemann  and  G.  Czjzek, 
Kernforschungszentrum  Karlsruhe”  INFP,  ^O.B.  3640,  D-7500 
Karlsruhe,  FRG;  and  R.  Kmiec,  Institute  of  Nuclear  Physics,  ul. 
Radzikowskiego  152, 31-342  Krakdw,  Poland. 


Iron  doped  compounds  GdBa2(Cui-*Fe,)307.6  with 
0  03sxs0  25  and  8<0.1  as  well  as  with  8>0.7  have  been 
investigated  by  Mossbauer  spectroscopy  with  1S5Gd  and  with 
57Fe  For  each  iron  concentration  x,  samples  with  different 
transition  temperatures  Tc  (at  constant  oxygen  content,  8<0.1) 
were  prepared  and  investigated.  Samples  were  reduced  to  an 
oxygen  deficiency  8>0.7  either  at  650°C  under  vacuum  or  at 
950?C  in  an  N2  atmosphere,  followed  by  a  quench  to  room 
temperature. 

A  comparison  of  57Fe  Mossbauer  spectra  for  samples  treated  by 
these  different  procedures  has  yielded  an  unambiguous 
determination  of  the  fraction  of  iron  atoms  occupying  Cu(2) 
sites  This  fraction  extrapolates  to  -4%  for  x-»0.  It  increases 
monotonously  with  x  to  ~  1 7%  for  x  =  0. 1 2  In  samples  reduced  at 
950°C  for  44  hours,  the  fraction  of  iron  on  Cu(2)  sites  is 
doubled,  and  this  large  Cu(2)  site  occupancy  is  maintained 
when  the  material  is  reoxidized  at  450°C. 


From  the  systematic  variation  of  the  parameters  associated 
with  the  remaining  quadrupole  doublets  with  iron 
concentration  x  and  with  Tc  (for  constant  x),  tentative 
assignments  of  the  doublets  to  specific  oxygen  coordinations 
of  Fe  on  Cu(  1 )  sites  were  derived 


For  ,55Gd.  both  the  quadrupole  splitting  and  the  isomer  shift 
vary  smoothly  with  iron  concentration.  No  influence  of  an 
extra  charge  associated  with  iron  on  Cu(2)  sites  in  the  vicinity 
of  Gd  nuclei  is  discernible. 


M7.84 

MAGNETIC  PHASE  DIAGRAM  OF  YBa2( Cu x _xFex >  3°y  and 

vrs.ICu.  Co  10  Masao  Doyama,  Masaaki  Matsui, 

2  1-x  x  y - - 

Hiroshi  Matsuoka,  Kazuhito  Ishikawa  and  Eiji 
Hayashi,  Department  of  Materials  Science,  Faculty 
of  Engineering,  Nagoya  University,  Furocho, 
Chikusa-ku,  Nagoya  464-01  JAPAN 

YBa2(Cu1_xFex)3Oy(x-0~0.12)  and  VBa2 ( Cu 1.xCo}{ ) 3Oy 
( x=0~0 .15)  are  prepared  by  mixing  the  oxides  of 


4N-Y203,  BaC03,  CuO  and  other  oxide  for  doping 
( Fe 20 3  or  CoO),  calcined  twice  at  900'C  for  16 

hours  and  500°C  for  2  hours  in  air  and  by  slowly 
cooling,  pressed  into  a  pellet,  again  sintered. 
Electrical  resistivity,  lattice  parameters,  mag¬ 
netic  susceptibility  are  measured  as  a  function  of 
temperature . 

As  the  amount  of  doping  was  increased,  diamag- 
ne - ism  was  decreased.  At  a  lower  magnetic  field, 
magnetization  changed  from  negative  to  positive. 
Apparent  Hc2  becomes  lower.  The  volume  fraction  of 
superconducting  phase  rapidly  decreased.  In  all 
specimens,  the  paramagnetic  susceptibility  above 
Tc  can  be  expressed  as  y*  C/(T-6)+  X(j  where  Xg  is 
independent  of  temperature. 


Atomistic  Defect  Calculations  have  been  presented  for  YBa2CUj07 
within  the  framework  of  the  shell-model  description  of  ionic  bonding. 

The  short-range  potentials  are  utilized  within  the  electron-gas  calculation 
and  then  optimized  to  allow  the  best  fit  to  crystal  structure.  This 
presentation  will  focus  on  phonon  dispersion  relations  determined  with 
the  original  and  improved  potential  models.  Comparison  to  Raman  and 
infrared  experimental  vibration  frequencies  are  made.  In  addition,  the 
of  oxygen  ion  diffusion  in  the  crystal  are  examined  with 
interstitial  and  vacancy  models.  Within  the  crystal  planes  an  oxygen 
ion  vacancy  mechanism  having  an  activation  barrier  of  1  ev.  is  com¬ 
puted.  These  and  other  computed  properties  will  be  compared  to  ex¬ 
periment. 

1.  R.C.  Baetzold,  Phys.  Rev.  B  38,11304  (1988). 

M7.86 

ELECTRON  MICROSCOPIC  STUDY  OF  OXYGEN-VACANCY  ORDERING  IN 
YBa^u^k^  with  x  >  0.3.  P.  Peng,  D.  J.  L.  Hong, 

A.  Mehta,  H.  M.  Chan,  and  D.  M.  Smyth,  Materials  Research 
Center,  Whitaker  Lab  #5,  Lehigh  University,  PA  18015. 

It  is  widely  accepted  that  YBa2Cu30g+x  undergoes  an 
orthorhombic  to  tetragonal  transition  on  chemical  reduction. 
Most  X-ray  diffraction  results  locate  this  transition  at  an 
oxygen  content  of  x  a.  0.6.  However,  recent  high  temperature 
defect  modeling  of  oxygen  nonstoichiometry  in  YBa2Cu3Q5+x 
indicates  that  the  orthorhombic  order  persists  to  much 
lower  oxygen  contents;  at  least  down  to  x  v  0.3  for  all 
temperatures  above  300T.  One  possible  explanation  for 
this  discrepancy  is  that  at  lower  oxygen  contents  the  scale 
of  the  orthorhombic  order  in  YBa2Cu30^+x becomes  very  fine, 
and  due  to  low  spatial  resolution  of  x-ray  diffraction  the 
short  range  orthorhombic  structure  is  "averaged  out"  as 
tetragonal.  Furthermore,  theoretical  calculations  by 
Morris  and  Khachaturyan  [1]  predict  that  below  100“C,  the 
orthorhombic  phase  decomposes  spinodlally  into  a  two-phase 
mixture  of  orthorhombic  and  tetragonal  structures. 

A  systematic  study  was  undertaken  on  YBaj  ,  with 

oxygen  contents  varying  from  x  ■  0.3  to  0.9,  using  electron 
diffraction  and  convergent  beam  electron  diffraction  in  the 
transmission  electron  microscope.  Particular  attention  was 
paid  to  superstructures  arising  from  the  ordering  of  oxygen 
vacancies. 

[1]  A.  G.  Khachaturyan,  S.  V.  Semenovskaya  and  J.  W. 

Morris,  Jr.,  Phys.  Rev.,  B37(4),  p.  2243  (1988). 

(Supported  by  the  Division  of  Materials  Research,  NSF;  and 
the  Lehigh  University  Consortium  for  Superconducting 
Ceramics.) 

M7.87 

THERMOG  RAVI  METRIC  STUDY  OF  OXYGEN  DIF¬ 
FUSION  IN  SUPERCONDUCTING  YBajCufi^  OXIDES. 

L.T.  Shi  and  K.N.  Tu,  IBM  T.  J.  Watson  Research  Center, 
Yorktown  Heights,  NY  10598 

The  oxides  of  oxygen-deficient  YBa^Cufi^  with  6  S  0.32  in  both 
powder  and  chunk  form  were  annealed  in  ambient  oxygen  to  in¬ 
vestigate  the  behavior  of  oxygen  in-diffusion.  Thermogravimetric 
measurements  were  used  to  monitor  in-situ  weight  gain  during  the 
annealing  at  constant  heating  rates  between  room  temperature  and 
580*C.  The  temperature  for  achieving  a  definite  oxygen 


stoichiometry  changes  with  the  heating  rates,  which  were  varied 
from  0.1  to  15°C/min.  By  measuring  the  rate  dependence,  the  ac¬ 
tivation  energy  of  oxygen  diffusion  in  the  powder  oxide  was  deter¬ 
mined  to  be  1.25±0.05  eV,  in  good  agreement  with  the  value 
obtained  by  the  previous  resistivity  measurements.  However,  the 
activation  energy  obtained  from  the  chunk  oxide  is  higher,  i.e.  1.52 
±0.06  eV.  A  longer  diffusion  distance  in  the  chunk  oxide  which 
requires  diffusion  across  grains  might  be  responsible  for  this  dis¬ 
crepancy.  In  addition,  the  oxygen  out-diffusion  was  studied  by 
annealing  the  oxide  in  ambient  helium  at  constant  temperatures. 
The  results  will  be  reported. 

M7.88 

OXYGEN  DISTRIBUTION  NEAR  METAL  M  SUBSTITUTED  SITES  IN 
YBa,(Cu,  ,M  )307+g  AS  DETERMINED  BY  X-RAY  ABSORPTION 
MEASUREMENTS.  C.  Y.  Yang*.  Y.  L.  Wang,  S.  M.  Heald, 
Youwen  Xu,  A.  R.  Moodenbaugh,  D.  O.  Welch,  and  M.  Suenaga, 
Materials  Science  Division,  Brookhaven  National  Lab., 
Upton,  NY  11973.* 

X-rav  absorption  measurements  have  been  performed  on 
YBaj(Cu,.xM ,)307+8,  M  -  Fe  (xS0.15),  Co  (x<0.28),  Ni 
(xS0?08),  antf  Zn  (x£0.04).  Changes  in  oxygen  distribution 
near  the  metal  substituted  sites  were  found  to  depend  on 
the  substituting  element  M  It  is  clear  that  the  oxygen 
coordination  near  Fe  and  Co  (which  substitute 

predominately  in  trivalent  states),  increases  with  M 

content  x.  However,  no  change  in  oxygen  coordination  near 
Ni  or  Zn  sites  is  observed  as  a  function  of  composition  x. 
These  atoms  are  primarily  divalent.  The  relationships 

among  M  valence  state,  M  concentration  x,  and  oxygen 
distribution  are  examined.  Several  microscopic  models  of 
the  local  environment  for  each  case  are  evaluated  for 

consistency  with  the  data. 

+  also  University  of  Michigan,  Ann  Arbor,  MI  48109. 

*  Supported  by  the  US  DOE  Office  of  Basic  Energy  Sciences, 
Division  of  Materials  Science,  under  Contract  DE-AC02- 

et  al„  Phys.  Rev.  B  39,  6681  (1989). 
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VARIATION  IN  Tt  AND  CARRIER  CONCENTRATION 
CAUSED  BY  CHANGE  OF  OXYGEN  CONTENT  IN  Tl-BASED 
SUPERCONDUCTORS.  Y.Shimakawa.  Y.Kubo,  T.Manako  and 
H.Igarashi,  NEC  Corporation,  4-1-1  Miyazaki,  Miyamae-ku, 
Kawasaki  213,  Japan 
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1  C.  Y.  Yang, 


In  Bi -S r-Ca - Cu -0  (BSCCO)  two  superconducting 
phases  with  different  Tc’s  of  85  and  110  K  are 
usually  observed,  but  the  concentration  of  the 
high  Tc  phase  increases  with  the  dope  of  Pb  ions. 
This  increase  of  the  high  Tc  phase  presumably  has 
a  certain  relation  with  the  valence  of  Bi  ions. 
The  valence  states  of  these  ions  are  assumed  to  be 
the  mixture  of  Bi  +  ^  and  Bi  +  ^,  and  this  mixed 
valence  state  will  affect  the  valence  of  Cu  ions. 
In  this  paper,  we  report  the  difference  of 
superconductivity  between  the  two  samples  prepared 
from  two  different  powders  of  CuO  and  Cu20,  and 
also  the  characteristic  of  superconductivity  in 
BSCCO  doped  with  Ag  ions. 


In  BiSrCaCu^O  (x*2,3,4,5)  prepared  from  CuO,  Tc 
decreases  with  an  increase  of  Cu  content,  while 
the  opposite  phenomenon  is  observed  in  the  samples 
prepared  from  Cu20,  that  is,  Tc  increases  with  an 
increase  of  Cu  content.  On  the  dope  of  Ag  ions  , 
BiSrCaCu2Oy+Agx(x=0,1  , 1 .5,2.0 ) ,  the  maximum  ratio 
of  high  Tc  to  low  Tc  phase  in  volume  is  obtained 
at  Ag  content  between  1.5  and  2.0.  From  these 
experiments,  the  strong  correlation  between  the 
high  Tc  phase  and  Cu+  valence  state  is  suggested. 

M7.91 

DOMAIN  STRUCTURES  AND  PINNING  IN  OXIDE  SUPERCONDUCTORS. 
Alexander  Roltburd,  NIST,  Gaithersburg,  MD,  20899. 

The  domain  structure  of  oxide  superconductors  arises  as  a 
result  of  twinning  associated  with  the  tetragonal - 
orthorhombic  transition  inside  a  restricted  volume  (a  grain 
in  a  polycrystal  or  a  part  of  an  initial  single  crystal). 

A  thermodynamic  theory  of  the  size  and  arrangement  of  the 
domains  has  been  developed.  Two  types  of  interfaces  in 
domain  structures  are  considered  as  obstacles  to  the 
movement  of  vortexes:  (1)  coherent  twin  boundaries  without 
microstresses  and  (2)  noncoherent  twin  boundaries  and 
boundaries  between  polydomain  layers  with  microstresses. 
Magnetic  and  elastic  vortex- interface  interactions  have 
been  considered.  The  role  of  the  interfaces  in  the  pinning 
of  the  array  of  vortexes  is  discussed  with  a  comparison 
between  the  theoretical  results  and  the  available 
experimental  data. 

M7.92 


Some  Tl-based  superconductors  have  a  notable  feature  that  they 
show  various  Te  values  with  almost  the  same  crystal  structures. 
This  variation  in  Tc  and  the  correlations  among  Tc,  carrier 
concentration  and  structure  were  studied.  In  particular,  in 
Tl2Ba2CuOe,  a  wide  range  of  Tc  values  between  zero  and  85K  was 
observed11.  It  was  revealed  that  oxygen  desorption  and  absorption 
caused  the  change  of  carrier  concentration,  and  thus  Tc  value 
changed.  Clear  correlations  among  Te,  oxygen  content  and  c-axis 
length  were  found.  A  fully  oxygen-annealed  sample  shows 
metallic  non-superconducting  behavior.  Decrease  In  oxygen 
content  of  about  0.1  per  formula  unit,  which  corresponds  to 
decrease  in  [Cu-0]+  hole  concentration  of  0.2,  increases  Tt  up  to 
about  80K,  and  elongates  c-axis  by  about  0.4%. 

In  Tl2Ba2CaCu208,  a  similar  behavior  of  Tc  (85-110K)  was 
observed.  Variation  in  Tc  appeared  in  other  Tl-based 
superconductors  and  comparison  among  them  will  also  be 
reported. 

1)  Y.Shimakawa  et  al„  Physica  0157(1989)279. 

M7.90 

SUPERCONDUCTIVITY  OF  Bi-Sr-Ca-Cu-0  DOPED  WITH  Ag 
IONS.  Teruo  KATO,  Yukio  KAZUMATA  and  Hiroshi 
MAETA,  Japan  Atomic  Energy  Research  Institute, 
Tokai-mura,  Naka-gun,  Ibaraki-ken,  319-11,  Japan. 


FIELD  ORIENTED  GRAINS  OF  RARE  EARTH  DOPED  HIGH 
Tc  SUPERCONDUCTORS.  F.  Chen(“'c>.  R.S.  Markiewicz<*'£>, 
and  B.C.  Giessen^*’11),  Departments  of  Chemistry  (a)  and  Physics 
(b)  and  Barnett  Institute  (c),  Northeastern  University,  Boston, 
MA  02115 

A  strong  magnetic  field  causes  grains  of  Y BaiCutOi-t  (YBCO) 
or  of  the  Bi  or  T1  families  of  high-Te  superconductors  to  orient1 , 
with  the  crystalline  c-axis  parallel  to  the  field  direction.  Some  rare 
earth  (RE)  substituted  YBCO  compounds  are  known  to  orient 
with  c-axis  perpendicular  to  the  field,  due  to  crystal  field  effects  on 
the  magnetic  ion.  From  a  detailed  x-ray  diffraction  study,  we  find 
that  different  RE’s  lead  to  orientation  along  different  directions 
in  the  a,b-plane.  Moreover,  the  same  RE  can  lead  to  orientation 
along  different  axes  when  substituted  in  YBCO  vs.  a  Bi  or  Tl- 
based  superconductor. 

1.  Farrell,  et  al.,  Phys.  Rev.  BJfi,  4025  (1987). 

2.  Livingston,  et  al.,  J.  Appl.  Phys.  Si,  5806  (1988). 


M7.93 

EFFECT  OF  HIGH  TEMPERATURE  DEFORMATION  ON  GRAIN  BOUNDARY 
DEFECTS  IN  YBa?CU307.x.  Krishna  Rajan,  Materials 
Engineering  Department,  Rensselaer  Polytechnic  Institute, 
Troy,  NY  12180-3590. 

The  results  of  transmission  electron  microscopy  studies 
on  YBa2Cu307_x  subjected  to  high  temperature  extrusion 
are  presented.  Particular  emphasis  Is  put  on  high 
temperature  accommodation  processes  of  lattice  dislocations 
Into  sub-grain  boundaries.  It  Is  suggested  from  the 
electron  microscopy  observations  that  stress  Induced 
climb  mechanisms  for  dislocations  are  operative. 

Also  presented  Is  evidence  of  localized  lattice  distortions 
near  twin  boundaries  due  to  Isothermal  high  temperature 
deformation.  Preliminary  results  on  the  structure 
of  grain  boundary  facets  and  steps  Is  described. 

The  Implications  of  these  results  for  texture  development 
In  bulk  ceramic  superconductors  Is  also  discussed. 

M7 . 94 

MICROSTRUCTURAL  EVOLUTION  OF  BAaYCUsO-r 
SUPERCONDUCTOR  BY  ELECTRON  IRRADIATION  IN  A 
TRASMISSION  ELECTRON  MICROSCOPE.  Kensuke 

Shiralshl  and  Hiroshi  Itoh,  Takasakl  Radiation 
Chemistry  Research  Establishment,  Japan  Atomic 
Energy  Research  Institute,  Watanuki -machi . 
Takasakl.  Gunma  370-12.  JAPAN 

The  specimen  for  transmission  electron  microscopy 
was  prepared  from  single  phased  BaaYCUaO?  sintered 
pellet  by  thinning  with  low-energy  Ar-ion 
bombardment.  The  microstructural  observation  and 
electron  irradiation  were  performed  with  JEM 
2000FX-II  operating  at  200  kV.  Electrons  with 
about  5  X  1022  m~2  s*1  in  flux  were  irradiated  to 
the  specimen  in  the  direction  almost  normal  to 
a  1113}  plane  with  near  (110)  system  reflections. 

Small  defect  clusters  of  several  nm  in  size 
observed  with  a  (110)  reflection  were  appreciably 
increased  in  the  number  density  by  the  electron 
irradiation  to  about  1.5  x  102B  or2.  Upon  further 
irradiation,  the  clusters  gradually  grew  larger 
with  a  little  increse  in  the  number  density. 
Twinning  was  promoted  during  electron  irradiation 
up  to  102**  m~2  and  planar  defects  were  appeared  to 
form  on  the  plane.  Precipitation  along  the  grain 
boundary  was  also  induced  by  the  electron 
irradiation  in  the  microscope. 

The  microstructural  evolution  in  the  ion-milled 
specimen  will  be  discussed  in  terms  of 
superconducting  properties  modified  by  electron 
and  ion  irradiations,  comparing  with  the 
microstructure  observed  in  the  specimens  prepared 
without  ion-bombardment. 

M7.95 


A  STUDY  OF  THE  THERMODYNAMIC  STABILITY  OF 
YiBajCiuOg  K.P.  Atwal  ,  R.  Gronsky,  J.  Nickel*  ,  A.  Markelz* 
Department  of  Materials  Science  and  Mineral  Engineering,  University  of 
California,  and  National  Center  for  Electron  Microscopy,  Materials  and 
Chemical  Sciences  Division  *  Physics  Division, 

Lawrence  Berkeley  Laboratory, 

1  Cyclotron  Road,  Berkeley,  CA  94720 


The  YBaCuO  family  of  superconductors  now  contains  at  least  three 
members  and  that  number  is  likely  to  increase.  The  phases  found  to  date 
are  commonly  referred  to  as  123,  124  and  247  because  of  their  cation 
ratios.  In  this  study  the  thermodynamic  stability  of  the  124  phase, 
(Y i  BajCuiOg )  is  investigated,  with  respect  to  decomposition  to  the  well 
known  123  structure. 


Bulk  samples  with  a  124  structure  were  made  by  annealing  precursor  123 
material  in  high  pressure  oxygen  gas.  The  presence  of  high  oxygen 
pressure  led  to  the  formation  of  extra  CU2O  layers  in  the  123  material, 
converting  it  to  the  124  phase.  The  samples  were  subsequently  heated 
under  vacuum  for  several  different  times.  The  bulk  samples  were  then 
characterized  by  x-ray  diffraction  and  high  resolution  transmission 
electron  microscopy.  Computer  simulation  is  used  to  verify  the  structure 
of  phases  observed  in  high  resolution  images. 

Unlike  the  123  phase,  the  124  structure  does  not  appear  to  show  variable 
oxygen  stoichiometry.  From  the  presence  of  additional  superconducting 
CU2O  planes  higher  Tc  and  critical  current  may  be  expected,  yet  the 
opposite  is  actually  observed.  This  result  may  be  associated  with  the 
stability  of  the  124  phase  and  its  by-products,  and  may  be  the  limiting 
factor  in  practical  applications. 


This  work  was  supported  by  the  Director,  Office  of  Energy  Research,  Office  of  Basic 
Energy  Sciences,  Materials  Science  Division,  of  the  U.S.  Department  of  Energy  under 
Contract  No.  DE-AC03-76SF00098. 

M7.96 

THE  COLOR  OF  POLARIZATION  IN  HIGH  TEMPERATURE 
SUPERCONDUCTORS.  M.S.  Osofsky.  H.A.  Hoff,  Naval 
Research  Laboratory,  Washington  ,  DC  ;  and  W.L.  Lechter, 
Sachs/Freeman  Associates,  Inc,  Landover,  MD 


Earlier  work  has  demonstrated  that  high-Tc  cuprate 
superconductors  exhibit  similar  reflectivity  spectra  in 
the  visible  when  viewed  through  crossed  polarizers  (ie. 
they  have  similar  colors  of  polarization).  Here,  we 
extend  our  initial  studies,  which  were  done  using  a 
quartz  halogen  light  source,  by  presenting  reflectivity 
spectra  of  superconducting  and  non-superconducting 
layered  cuprates  made  using  a  brighter  xenon  source. 

Possible  correlations  of  these  spectra  with  the 
material's  superconducting  and  normal  state 
properties  as  well  as  their  origins  will  then  be 
discussed. 

W7.97 

X-RAY  ABSORPTION  STUDIES  OF  VANADIUM 
SUBSTITUTION  IN  YBajCujO-^  SUPERCONDUCTORS^) 
Zhcnequan  Tan  and  J.  I.  Budnick,  Department  of  Physics  and 
Institute  of  Materials  Science,  University  of  Connecticut,  Storrs, 
CT;  B.  R.  Weinberger  and  L.  Lynds,  United  Technologies 
Research  Center,  East  Hartford,  CT. 


YBa^UjO^  materials  with  vanadium  nominally  substituting 
Cu,  Y  and  Ba  respectively  have  been  synthesized.  Bulk 
superconductivity  with  sharp  transition  atTc  =  93  K  is  maintained 
at  low  vanadium  concentrations.  V,  Cu  and  Y  K-edge  x-ray 
absorption  spectra  have  been  measured  on  these  materials  to 
determine  the  local  environment  of  vanadium  and  the  effect  of 
V-substitution  on  the  atomic  structures.  Identical  V  XANES 
(x-ray  absorption  near-edge  structure)  spectra  are  observed 
independent  of  whether  the  vanadium  nominally  substitutes  Cu, 

Y  or  Ba,  suggesting  that  the  V  enters  a  unique  local  environment 
The  observed  prominent  Is- 3d  pre-edge  peak,  stronger  than  that 
in  V205,  shows  that  the  V  atom  is  very  likely  to  have  four  oxygen 
nearest  neighbors.  However,  the  combined  Cu  and  Y  extended 
x-ray  absorption  fine  structure  results  are  incompatible  with  V 
exclusively  substituting  the  four-oxygcn-coordinated  Cu(!)  in  the 
YBa2Cu307  structure.  Both  the  Cu  and  Y  EXAFS  spectra  are 
affected  significantly  by  the  V-substitution  and  will  be  discussed 
in  terms  of  the  Cu  and  Y  local  environments. 

(*)  Work  carried  out  at  Beam  Line  X-l  I  at  the  National 
Synchrotron  Light  Source  and  supported  by  the  U.  S.  Department 
of  Energy  under  Contract  No.  DE-AS05-80-ERI0742. 
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ON  THE  STABILITY  AND  TRANSPORT  PROPERTIES  OF 
Y»B*»Cu»07-x  phases  combined  with  refractory 
CERAMICS.  P.  Del  Angel,  J.M.  Dominguez,  0.  GuzmAn, 
A.  Montoya,  L.  Vicente*,  Instituto  Mexicano  del 
Petraieo, ICA,  Apdo.  Postal  14-80S,  07730  MAxico,  D. 
F.  and  C.  Falcony,  CINVESTAV,  MAxico  D.  F. 


A  sijstematie  modification  of  the  transport 
properties  of  YiB*zCu»0?-x  superconductor  system 
was  studied.  Some  partial  resistivity  losses  occur, 
together  with  a  decrease  of  the  critical 
temperature  (TooImWo  when  a  pure  orthorhombic 
YtBa*CuaO?-x  phase  is  combined  with  an  increasing 
amount  of  refractory  ceramics  impurities  (AlzOa, 
SiC) . 


The  solids  were  character i zed  by  secondary  electron 
imaging  and  EDS  technics.  X-ray  diffraction  and 
thermal  analysis.  From  the  results  a  percolation 
model  emerges  to  explain  the  partial  resistivity 
falls,  while  a  cation  substitution  model  is  more 
probable  for  the  systematic  decrease  of  <Te)a=o. 
The  partial  resistivity  losses  observed  at  higher 
temperatures  in  other  superconducting  systems  might 
in  fact  be  the  result  of  partial  superconductive 
phases  entrapped  in  non  superconducting  ceramic 
masses. 

*  permanent  address  :  Facultad  de  Qulmica,  UNAM, 
04510  MAxico,  D.  F. 
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THE  ELECTROCHEMICAL  RESPONSE  OF  YBa?Cu,0,  IN  AQ¬ 
UEOUS  SOLUTIONS  T.S.  Chin.  Dept.  Hat  7  Sci.  Eng., 
Natn'l  Tsing  Hua  Univer.,  Hsinchu,  30043,  Taiwan; 
C.A.  Lin,  M.P.  Hung,  Dept.  Mat.  Eng.,  Natn'l  Cheng 
Rung  Univ.,  Tainan,  70100,  Taiwan,  R.O.C. 

Electrochemical  properties  of  Y-Ba-Cu-0  supercon¬ 
ductor  which  being  intrinsically  unstable  in  water 
were  elucidated  by  using  potentiodynamic  scanning 
in  different  aqueous  solutions  with  0.1  M  concen¬ 
tration. 

The  electrochemical  stability  of  the  YBa_Cu,07_ 
compound  was  found  to  be  superior  in  both  salt  so¬ 
lutions  of  NaCl  and  KC1,  and  alkaline  solutions  of 
NaOH  and  NH40H.  Extremely  low  corrosion  current  of 
2.86  uA/sq.cm  was  observed  in  0. 1  M  NaCl  solution. 
The  corrosion  potential  in  the  above  solutions  ra¬ 
nges  from  36  -  92  mV.  Polarization  wasn't  possible 
in  these  solutions.  However  the  E  raised  up  to 
360  -  960  mV  in  acid  solutions  in£?E5ing  sulfuric, 
sulfuric,  phosphoric  and  nitric  acids  depicting 
more  passive  behavior.  Polarization  was  observed 
in  sulfuric  and  phosphoric  acids  indicating  their 
potenial  to  be  used  as  etching  solution  in  litho¬ 
graphy.  The  electrochemical  behavior  of  the  Y-Ba- 
Cu-0  compound  in  the  HC1  solution  is  peculiar  and 
informative.  It  showed  three  transitions  in  the 
polarization  curve,  corresponding  to  272,  756,  and 
1013  mV,  respectively.  This  is  related  to  the 
transition  in  the  valence  of  copper  ions  during 
dissolution,  which  is  depressed  in  the  acid  solu¬ 
tions  which  are  oxidizing  in  nature. 

The  Galvanic  current  decreases  at  an  order  of  A1  > 
Cu  >  Ag,  when  the  YBaCuO  is  coupled  with  each  of 
them  in  1  M  phosphoric  acid  solution  and  0.1  M 
HC1. 


M7.100 

RAMAN  AND  FLUORESCENCE  SPECTRA  OBSERVED  IN  LASER  MICRO¬ 
PROBE  MEASUREMENTS  OF  COMPOUNDS  IN  THE  Ln-Ba-Cu-0  SYSTEM. 
Edgar  S.  Etz  and  Ulnnie  Wong-Ng,  National  Institute  of 
Standards  and  Technology,  Gaithersburg,  MD,  and  Thomas  D. 
Schroeder,  Shlppensburg  University  of  Pennsylvania, 
Shlppensburg,  PA. 

Ue  are  investigating  by  Raman  microprobe  measurements  the 
superconducting  and  related  phases  in  the  LnB*2Cu307-x  (for 
x-0  to  1)  system  where  yttrium  has  been  replaced  by 
several  of  the  lanthanide  (Ln) ,  or  rare  earth,  elements. 
These  studies  are  aimed  at  relating  the  observed  optical 
spectra  (Raman  and  fluorescence)  to  the  compositional  and 
structural  aspects  of  these  ceramics.  We  are  examining 
the  structure-specific  rare  earth  ion  fluorescence  spectra 
of  the  various  phases  and  compositions  which  we  will 
illustrate  for  the  erbium  and  europium  analogs  of  the 
yttrium  1:2:3  system.  Of  interest  is  the  substitutional 
chemistry  of  these  lsostructural  systems,  examining  the 
changes  ln  the  spectra,  and  establishing  the  micro- 
analytical  usefulness  of  these  spectra,  especially  for  the 
detection  of  impurity  phases.  In  the  case  of  the  Er^*- 
substltuted  materials,  for  example,  the  cw  laser-excited 
(argon  ion,  at  488  or  514.5  nm)  green  and  red  fluorescence 
emissions,  when  observed,  originate  from  the  ^3/2  and 
‘‘*9/2  emissive  states,  respectively. 

M7.101 


MICROANALYSIS  OF  CUPRATE  SUPERCONDUCTORS  USING 
THE  COLOR  OF  POLARIZATION.  H.A.  Hnff.  M.S. 
Osofsky,  Naval  Research  Laboratory,  Washington, 
DC;  and  W.L.  Lechter,  Sachs/Freeman  Associates, 
Inc.,  Landover,  MD. 

A  technique  for  the  identification  of  individual 
anisotropic  grains  in  a  heterogeneous  and  opaque 
material  involves  the  observation  of  grain  color 
in  reflected  light  through  crossed  polarizers 
(color  of  polarization) .  Such  colors  are  gene¬ 
rally  characteristic  of  particular  phases.  Of 
the  many  members  of  the  class  of  hole  carrier 
cuprate  superconductors  examined  so  far,  only 
one  characteristic  color  of  polarization  has 
been  observed.  This  same  color  has  also  been 
observed  in  a  member  of  the  electron  carrier  cu¬ 
prate  superconductors  that  we  have  examined. 

We  have  studied  the  presence  of  color  in  many  of 
these  cuprates  and  found  a  strong  correlation 
between  color  and  the  existence  of  superconduc¬ 
tivity.  The  gradation  in  color  from  insulator 
to  superconductor  and  the  presence  of  identi¬ 
fying  colors  for  secondary  phases  facilitates 
the  selection  of  grains  for  microanalysis.  The 
changes  in  composition  corresponding  to  the 
changes  in  color  and  the  variations  in  composi¬ 
tion  of  recognizeable  cuprate  superconductors 
found  by  quantitative  Energy  Dispersive  X-ray 
Spectroscopy  will  be  discussed. 


K7.102 


HARMONIC  GENERATION  IN  THE  ALTERNATING  MAGNETIC 
RESPONSE  OF  HIGH- Tc  SUPERCONDUCTORS.  A.  Shaulov.  R. 
Bhargava,  and  D.  Dorman,  Philips  Laboratories,  North  American 
Philips  Corporation,  Briarciiff  Manor,  NY. 
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Wo  have  developed  a  novel  ac  technique  for  characterizing  the 
magnetic  behavior  of  high-  Tc  superconductors.  This  technique  is 
based  on  monitoring  the  spectrum  of  the  magnetic  response  of 
these  materials  to  small  sinusoidal  fields.  A  nonlinear  magnetic  be¬ 
havior  is  indicated  by  the  appearance  of  harmonic  components  in 
the  spectrum.  Measurements  of  these  harmonics  as  a  function  of 
bias  field,  temperature  and  frequency  provide  valuable  information 
about  the  processes  of  flux  penetration,  flux  pinning  and  flux  creep 
in  these  materials. 

Measurements  on  sintered  Y-Ba-Cu-0  samples  have  shown  that 
the  application  of  a  steady  bias  field,  above  a  certain  threshold, 
causes  the  generation  of  odd  harmonic  components  in  the  alternat¬ 
ing  magnetic  response  of  the  material.  These  harmonics  sharply 
disappear  as  the  temperature  is  raised  above  a  certain  point,  in¬ 
dicating  a  transition  to  a  linear  behavior.  The  transition  temperature 
is  strongly  frequency  dependent  and  shifts  up  as  the  frequency  in¬ 
creases.  The  new  transition  exhibited  by  the  harmonic  components 
is  interpreted  as  signifying  a  transition  from  a  state  of  flux  pinning  to 
a  state  of  dissipative  flux  motion  without  pinning.  These  measure¬ 
ments  demonstrate  a  new  method  for  accurate  determination  of  the 
lower  critical  field  and  the  ’irreversibility"  field  below  which  irre¬ 
versibility  in  the  magnetization  sets  in  as  a  result  of  flux  pinning. 

M7.103 

Partial  Superconductivity  In  YBa  Cu  0  at  90  <  T  <  300  K. 

\  3  7 

R.  Muncer  and  H.J.T.  Smith  <GWP>  ,  University  of  Waterloo, 
Waterloo,  Ontario. 

The  presence  of  partial  superconductivity  In  YBa  Cu  0  In 

2  3  7 

the  temperature  range  90  <  T  <  300  K  has  been  Investigated 
by  various  techniques.  The  current  voltage  characteristics 
of  polycrystal  line  YBa^Cu^O^  were  studied  at 

temperatures  above  the  90  K  superconducting  transition.  It 
was  found  that  the  IV  curves  are  non-linear  and  that  the 
non-llnearlty  Is  temperature  dependent.  For  a  constant 
current  bias  the  voltage  across  the  sample  Increases  when 
microwaves  are  applied.  The  Induced  voltage  Is 

proportional  to  the  bias  current  and  the  proportionality 
constant  (AR)  Is  temperature  dependent.  AR  Increases 
slowly  between  300  K  and  120  K  and  has  a  sharp  Increase  as 
T  approaches  T  .  The  simultaneous  application  of  microwaves 

and  a  magnetic  field  also  result  In  a  non-zero  value  of  AR. 
For  small  magnetic  fields  and  at  room  temperature  AR 
Increases  rapidly  for  0  <  H  <  20  C  and  oscillates  with  a 
period  of  40  C  for  15  <  H  <  135  C.  For  larger  magnetic 
fields  AR  also  oscillates  with  a  period  of  1.5  to  2.0  KG 
for  0  <  H  <  7.0  KG.  Between  7  and  9  KG  AR  Is  constant. 
Measurements  at  all  temperatures  above  90  K  show  similar 
behaviour.  These  results  will  be  discussed  In  terms  of 
weakly  linked  Islands  of  superconductivity  in  a  normal 
matrix. 

M7.104 

THERMAL  EXPANSION  OF  PbjSr^Y, _xCaxCu308+$ .  H.  M.  O'Bryan 
and  P.  K.  Gallagher,  ATIST  Bell  Laboratories,  Murray  Hill, 

NJ,  07974. 

|The  thermal  expansion  of  Pb2$r2Yj_xCaxCu30o+{  has  been 
'measured  between  25  and  700®C  for  x  *  0,  .2  and  .4. 
'Measurements  were  made  on  ceramic  samples  with  5*0  during 
heating  at  4°/min  In  N2  and  0?  atmospheres.  In  N2  the 
coefficient  of  thermal  expansion  is  n,13  ppm/°c  for  all 
compositions.  In  O2  the  expansion  varies  greatly  with 
temperature  as  the  samples  undergo  both  oxidation  and 
reduction.  The  expansion  mimics  previously  reported 
gravimetric  data.  Two  maxima  of  %1.4X  are  found  near  550°C 
and  700°C.  The  lattice  expansion  on  oxidation  contrasts  to 
the  shrinkage  observed  when  oxidized. 


M7.105 

MECHANISM  OF  TWIN  FORMATION  AND  NATURE  OF 
TETRAGONAL  TO  ORTHORHOMBIC  TRANSFORMATION 
IN  YBa2Cuj07.x.  Mehmet  Sarikava.  Ryoichi  Kikuchi,  and  I.  A. 
Aksay,  Dept,  of  Materials  Science  &  Eng.  FB-10,  and  Washington 
Technology  Center,  Univ.  of  Washington,  Seattle,  WA  98195. 

Nudeation  and  growth  of  twins  in  the  YBajCujO?.,  system  have 
been  theoretically  studied  on  the  basis  of  transmission  electron  mi¬ 
croscopy  observations.  The  shape  of  the  tips  of  the  twinned  domains 
is  predicted  from  two  types  of  strain:  one  is  associated  with  the  twin 
boundary  and  the  other  with  the  lattice  at  the  tip  region.  From  the 
model,  the  tangent  of  the  angle  at  the  tip  is  calculated  to  be  1/9  the 
orthorhombic  phase  is  analyzed  with  an  energy  minimization  ap¬ 
proach  by  which  one  can  also  predict  the  mechanism  of  growth  of 
the  twinned  domains.  The  variations  in  microstructures  and  twins 
that  are  developed  via  different  transformation  routes  (isothermal 
and  athermal)  are  correlated  with  models  and  TEM  observations. 

The  similarities  of  transformation  characteristics  in  this  system  are 
discussed  with  those  of  other  systems  in  which  the  major  part  of  the 
transformation  involves  a  shear. 

M7.106 

MAGNETIC  INTERACTIONS  IN  Yi_xPrxBa2Cu307:  UPPER 
CRITICAL  FIELD  AND  HEAT  CAPACITY  STUDIES.  H.  B. 
Radouskv.  Lawrence  Livermore  National  Laboratory,  Livermore, 
CA  94550;  N.  E.  Phillips,  R.  A.  Fisher,  R.  Caspary  and  A.  Amato, 
Materials  and  Chemical  Sciences  Division,  Lawrence  Berkeley 
Laboratory,  UC-Berkeley,  Berkeley,  CA  94720;  J.  L.  Peng  and  R. 
N.  Shelton,  Department  of  Physics,  UC-Davis,  Davis  CA  95616 

Substitution  of  Pr  for  Y  in  Y]_xPrxBa2Cu307  depresses  Tc  with 
superconductivity  disappearing  for  x  >  0.5.  Upper  critical  field 
measurements  were  obtained  from  magnetization  data  for  a  series 
of  seven  samples  with  0  <  x  <  0.45.  The  Hc2  results  show  a  linear 
behavior  with  temperature  up  to  x  -  0.2,  but  change  dramatically  in 
character  for  the  x  >  0.3  compositions.  For  x  •  0.3  and  greater  the 
curves  are  no  longer  monotonically  increasing  and  show  the  "bell" 
shaped  behavior  reminiscent  of  the  magnetic  superconductors 
RERI14B4  and  REMogSg  (RE  «  rare  earth).  This  result  is 
interpreted  to  mean  that  magnetic  interactions  are  important  in 
the  Y]_xPrxBa2Cu3C>7  system.  Heat  capacity  measurements  have 
been  performed  on  the  x  -  0.3  sample  from  0.3  to  65K  in  fields  up 
to  7T.  Initial  results  indicate  no  discontinuity  at  Tc  «  42  K.  This 
result  is  unusual  based  on  the  observed  Meissner  fraction  and  values 
of  the  Sommerfeld  gamma  derived  from  the  Pauli  susceptibility. 
The  low  temperature  heat  capacity  shows  a  large  upturn  below  2  K 
which  is  strongly  enhanced  by  a  7T  field.  Further  heat  capacity 
work  on  more  dilute  Pr  substituted  samples  is  in  progress  and  will 
be  reported  as  available. 

Work  at  Livermore  and  Davis  performed  under  auspices  of  U.S. 
DOE  at  Lawrence  Livermore  National  Laboratory  under  contract 
No.  W-7405-ENG-48;  work  at  Berkeley  supported  by  U.S.  DOE, 
Office  of  Basic  Energy  Science  under  contract  No. 
DE-AC03-76SF00098. 

H7.X07 

MAGNETIZATION  AND  LOW  TEMPERATURE  SPECIRC  HEAT  OF 
ORTHORHOMBIC  AND  TETRAGONAL  RBaeCu3Qx(  R  -  Y.  Ho). 
H.R.  Khan*,  FEM,  Katharinenstrasse  17,  7070  Schwaebisch 
Gmuend,  FRG  and  R.  Kuentzler,  I.P.C.M.S.,  LA  306  du  CNRS, 

3  rue  de  I,  Universite,  67084  Strasbourg,  France. 

Orthorhombic  and  tetragonal  compounds  of  compositions 
RBa2Cu30x(  R-  Y  and  Ho)  are  prepared  and  characterized 
by  X-ray  diffraction,  Optical  and  SE-microscopy  and  EDXA. 
The  Tc(mid)  of  the  orthorhombic  phases  is  about  92  K  ( 
A.C.  susceptibility).  The  magnetic  moments  of  Cu  and  Ho 
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as  well  as  Curie-Weiss  temperatures  are  determined  from 
the  Curie-Weiss  plots.  The  electronic  specific  heat 
coefficients  of  the  orth.  and  tetr.  YBCO  are  determined 
from  the  specific  heat  measurements(  1.5-20  K)  and  the 
values  are  0.95  andl.70  mJgat*1K-2  respectively.  HoBCO 
compounds  show  Schottky  specific  heat  anomalies  in  both 
orth.  and  tetr.  phases  due  to  the  interaction  of  the  magnetic 
moment  of  the  Ho  ion  with  the  crystalline  electric  field 
(CEF).  The  specific  heat  and  magnetic  data  in  relation  to 
superconductivity  will  be  discussed. 

'And  Dept,  of  Physics  &  Astronomy,  University  of  TN, 
Knoxville,  Tennessee. 

H7.108 

IN-SITU  TRANSMISSION  ELECTRON  MICROSCOPY  AND 
COMPUTER  SIMULATION  STUDY  OF  THE  KINETICS  OF 
OXYGEN  LOSS  IN  YBazCujOj;.  C,  P.  Bunnester1.  L.  T.  Willed  and  R. 
Gronsky1, 1  Department  of  Materials  Science  and  Mineral  Engineering,  University  of 
California,  and  the  National  Center  for  Electron  Microscopy,  Berkeley,  CA;  ^Department 
of  Physics,  Florida  Atlantic  University,  Boca  Raton,  FL. 

Oxygen  ordering  in  the  basal  plane  plays  a  vital  role  in  determining  the 
superconducting  properties  of  the  YBa2CujOz  system.  Upon  cooling  from 
the  disordered,  tetragonal  phase,  parallel  O-Cu-O  chains  develop  leading  to 
the  formation  of  the  orthorhombic  phase  (Orthol),  a  90K  superconductor, 
near  z  =  7.  At  lower  oxygen  content,  a  doubling  of  the  orthorhombic  unit 
cell  leads  to  the  formation  of  the  orthorhombic  OrthoII  phase,  a  60  K 
superconductor,  near  z  =  6.5.  Thus  an  understanding  of  thermodynamics 
of  oxygen  ordering  is  essential  for  the  development  and  control  of 
superconducting  properties  in  this  material. 

High  resolution  transmission  electron  microscopy  is  used  to  study  the 
kinetics  of  oxygen  loss  associated  with  the  iow  temperature  Orthol  to 
OrthoII  transition.  Oxygen  loss  in  YBa2Cu307  is  induced  by  in-situ  beam 
heating  in  the  electron  microscope.  As  the  material  transforms  from 
YBa2Cu307  to  YBa2Cu306.5.  the  evolution  of  transient  and  equilibrium 
structures  is  observed  directly  using  real-time  atomic  resolution  video 
imaging  and  microdiffraction  analysis. 

Results  from  an  Ising  model  Monte  Carlo  simulation  of  oxygen  ordering  in 
this  material  are  used  to  interpret  observed  structures  and  transient  ordering. 
The  simulation  is  also  used  to  extrapolate  experimentally  observed  behavior 
to  values  of  temperature  and  oxygen  concentration  not  explicitly  examined 
in  this  study.  Qualitative  agreement  between  simulation  and  experiment  is 
excellent 

This  work  is  supported  the  Director,  Office  of  Basic  Energy  Sciences, 
Materials  Sciences  Division  of  the  U.  S.  Department  of  Energy  under 
Contract  Number  DE-AC03-76SF00098.  One  of  us,  (L.  T.  W.)  is 
supported  by  grant  No.  MDA  972-88-J-1006  from  DARPA. 


H7.109 

ELASTICITY  STUDIES  ON  LATTICE  INSTBILITY  OF  HIGH  T  OXIDE 
SUPERCONDUCTORS.  Ye-Ning  WANG,  Hui-Min  SHEN,  xfzo-Hui 
CHEN,  Lln-Hal  SUN,  and  Zl-Ran  XU,  Iastltude  of  Solid  State 
Physics,  Nanjing  University,  P.R. China. 

There  exist  a  few  broad  Internal  friction  peaks( ultrasonic 
attenuation  as  veil)  at  120X,  230K  in  YBCO;  at  95X,  130E, 
250X  in  BSCCO  and  at  901.  1351,  180-280X  in  TBCCO,  which 
have  been  conflraed  to  be  Induced  by  phaae-like  transi¬ 
tion  (PLT)  of  first  order.  X-ray  diffraction  studies  indi¬ 
cate  that  the  PLT  is  characterized  by  abrupt  change  of 
lattice  paraaaters  instead  of  change  of  crystal  symmetry . 
Tensile  tests  show  elastic  softening  associated  with  PLT. 
However,  elastic  aodulus  curves  aeasured  at  kHz  and  HHz 
frequency  ranges  reveal  soaevhat  different  behavior  at 
PLT,  although  the  overall  tread  of  stiffening  are  the  sane 
for  cerealc  materials.  This  has  been  analyzed  in  teres  of 
the  different  aechanlsa  of  dasplng  due  to  PLT  for  the  two 
frequency  ranges  as  well  as  the  different  results  for 
single  crystal  and  polystalllne  natarlals. 


There  always  occurs  an  internal  friction  peak  associated 
with  PLT  at  Tn  about  10-30K  above  T£  for  superconducting 
phase,  whereas  disappears  in  nonsuperconducting  phase  as 
shown  in  the  table. 


TABLE 

Tc 

Tm 

YBa.Cu.O 

901 

120K 

4  J  X 

60K 

75X 

Bi-Sr-Ca-Cu-0 

107K 

130K 

83E 

95X 

Tl-Ba-Ca-Cu-0 

115K 

135K 

? 

901 

The  coexistence  of  the  PLT  and  superconducting  transition 
exhibits  that  both  have  the  coomon  intrinsic  factor  such 
as  the  electronic  state  varied  by  oxygen  dopping. 

M7.110 

PROPERTIES  AND  MICROSTRUCTURE  OF 
SUPERCONDUCTING  OXIDES  PREPARED  BY 
OXIDATION  OF  LIQUID  QUENCHED  ALLOY 
PRECURSORS.  J .  S .  LUO .  D.  MICHEL  AND  J-P. 
CHEVALIER,  CNRS  CECM,  15  Rue  G.  Urbain,  94407 
VTTRY  (FRANCE) 

We  have  produced  various  high  Tc  superconductors 
through  oxidation  of  alloy  precursors  obtained  by  planar 
flow  casting.  It  is  found  that  this  preparation  method 
can  improve  homogeneity,  modify  the  morphology,  and 
can  be  readily  carried  out  under  controlled  atmosphere. 
For  EuBa2Cu307.  we  have  observed  a  substantial  increase 
in  critical  current,  which  can  be  attributed  to  the 
uniform  grain  size  and  composition.  In  the  case  of  multi- 
component  systems  such  as  Bi-Pb-Sr-Ca-Cu  and  Pb-Sr- 
Ca-Y-Cu.  good  chemical  homogeneity  can  be  ensured  by 
passage  through  the  liquid  state.  Finally,  although  the 
ductility  of  the  precursor  alloys  significantly  varies  as  a 
function  of  the  system,  the  resulting  oxides  are  all 
brittle. 

M7.111 

Crystal  Chemistry  and  Phase  Equilibria  Studies  of  the 
Ba-R-Cu-0  systems.  Winnie  Vong-Ng,  Robert  S.  Roth,  Laverence 
P.  Cook,  Boris  Paretzkln,  Michael  Hill  and  E.R.  Fuller,  Jr., 
Ceramics  Division,  National  Institute  of  Standards  and 
Technology,  MD  20899. 

Knowledge  of  the  phase  compatibility  and  melting 
relationships  of  compounds  formed  in  the  Ba-R-.Cu-O  systems, 
where  Relanthanides  and  yttrium,  la  aaaantial  for 
understanding  material  properties  and  controlling  processing 
parameters  for  the  high  Tc  superconductor  phases  Ba2 RCu, 0e . „ . 
The  present  paper  reports  the  Influence  of  the  size  of  R  on 
the  phase  formation,  phase  compatibilities  and  melting 
relationships  In  these  syataaa.  In  addition,  since  the  extent 
to  which  change  in  the  Gibbs  energy  of  R-eubstltuted  mixtures 
results  In  an  altered  primary  phase  field  is  of  great 
practical  interest,  possible  primary  phase  field  of  mixed- 
lanthanides  superconductor  phases  such  as  Ba: (Nd,Y,Eu)Cu,06.I 
will  also  be  presented.  Experimental  results  of  specimens 
equilibrated  In  air  will  be  summarized. 
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M7.112 

RAMAN  STUDIES  ON  Y123  AS  A  FUNCTION  OF  ANNEALING.  G, 
Burns,  F.  H.  Dacol,  C.  A.  Feild,  A.  Gupta,  F.  Holtzberg,  G.  Koren,  R. 
B.  Laibowitz  and  T.  K.  Worthington,  IBM  Research  Division,  T.  J. 
Watson  Research  Center,  Yorktown  Heights,  NY  10598,  USA. 

We  have  studied  the  behavior  of  YBa}Cu30,_^  (Y123)  for  fully 
oxygenated  (<5«0.0)  single  crystals  and  films  as  a  function  of 
annealing  temperature  (TA).  The  samples  were  annealing  for  16 
hours  at  TA  in  flowing  helium  gas.  For  each  TA,  we  have  measured 
the  Raman  spectra  on  the  films,  and  on  the  large  face  and  small  edge 
of  the  crystals,  this  yields  all  five  Raman  active  modes  (4A,fl  +  B,s). 
We  also  measured  the  corresponding  superconducting  transition 
temperatures  (Te). 

The  Raman  results  can  be  divided  into  three  ranges  for  the  crystals 
and  films,  (a)  Results  from  material  with  the  highest  Tc  (fully 
oxygenated),  and  (b)  from  the  plateau  region  (Tc*60  to  50  K).  In  these 
ranges,  some  of  the  phonon  lines  shift  in  frequency,  (c)  In  the  region 
where  TA  is  high  enough,  so  that  Tc  goes  to  zero,  there  are  large 
changes  in  intensity  of  most  of  the  Raman  lines;  the  low  frequency 
Ba-Ba  and  high  frequency  Ot  —  02  vibrations  become  very  weak. 

These  results  are  consistent  with  a  change  of  the  crystal  structure 
from  orthorhombic  (superconducting)  to  another  orthorhombic 
(superconducting)  structure  and  then  to  a  tetragonal  (semiconducting) 
structure.  We  will  relate  our  findings  to  other  results. 

M7.113 

HIGH  RESOLUTION  TRANSMISSION  ELECTRON 
MICROSCOPY  STUDY  OF  DEFECT  STRUCTURES  IN 
MULTI-PHASE  YBaCuO.  M.  Fendorf  and  R.  Gronsky,  Department 
of  Materials  Science  and  Mineral  Engineering,  University  of  California,  and 
National  Center  for  Electron  Microscopy,  Lawrence  Berkeley  Laboratory, 
Berkeley,  CA.  94720 

It  is  now  known  that  superconducting  YBaCuO  exists  in  at  least  three  well 
characterized  phases  with  differing  copper  and  oxygen  content.  Due  to  the 
cation  ratios  (Y:Ba:Cu)  these  compounds  are  commonly  referred  to  as  the 
"123  ',  "124",  and  "247"  phases.  When  YBaCuO  crystals  are  grown  in 
pracbce,  an  intergrowth  of  mote  than  one  structure  frequently  occurs  in 
order  to  accommodate  local  deviations  from  these  ide  stoichiometries 

High  Resolution  Transmission  Electron  Microscopy  is  used  to  study  the 
crystallographic  defects  in  YBaCuO  which  are  induced  when  phases  with 
differing  lattice  parameters  exist  in  an  intimate  mixture.  Computer 
simulation  of  high-resolurion  images  is  utilized  in  order  to  verify  the  phases 
present  in  various  regions  of  actual  TEM  images. 

The  "123"  and  "124"  phases  are  related  by  a  1/2[100]  partial  dislocation, 
and  TEM  images  confirm  that  when  the  two  phases  grow  together  laterally, 
defects  of  this  type  are  present  in  the  specimen.  When  larger  domains  of 
these  two  phases  meet,  a  low  angle  misonentauon  boundary  is  found.  Such 
boundaries  are  formed  in  a  manner  which  allows  continuity  of  atomic  planes 
between  phases  to  be  preserved  as  much  as  possible,  with  a  corresponding 
minimization  of  the  interfacial  surface  energy.  An  atomic  model  for  this 
type  of  interface  is  developed,  leading  to  implications  for  the  structural 
nature  of  the  transformation  from  the  "124"  phase  to  the  "123"  phase. 

The  defects  observed  in  multi-phase  YBaCuO  are  likely  to  have  significant 
effects  on  the  superconducting  properties  of  the  material.  In  particular,  they 
are  expected  to  contribute  to  limitations  on  critical  current  values. 

Thi»  work  i«  nipporud  the  Director.  Office  of  Buk  Enerjy  Sciences.  Miieriels  Sciences 
Division  of  die  U.S.  Depenmcnt  of  Energy  under  Contract  Number  DE-AC03-76SF00098. 

M7.114 

COMPLEX  OEFECTS  IN  Y-BA-CU-O  SINGLE  CRYSTALS  Philtnnr.  Oelor  p 
Schweus.  J  •  F.  Marucco  and  G  Collin.  C  P  C  M..  DPtiG.  C.E.A.  Saclay,  B<  563, 
9H91.  Git  Sur  Yvette.  France. 

The  crystal  structure  ol  twenty  Y-Ba-Cu-0  type  single  crystals  are 
examined  by  neutron  diffraction  on  tour-circle  diffractometer.  These 


crystals  with  volume  from  »10mm3  up  to  500mm®  are  obtained  by  a  flux 
method  (BaCu02-Cu0)  and  reannelled  in  flowing  oxygen  or  nitrogen  in  a 
thermobalance  in  order  to  get  the  required  oxygen  composition. 

For  compositions  YBa2Cu306+x  with  x2  040  the  crystals  are  orthorhombic 
twinned.  An  exact  solution  is  used  tor  the  refinement  including  incoherent 
superposition  of  domains,  which  leads  to  the  structure  of  the  individual 
orthorhombic  sample.  An  outstanding  result  is  the  systematic  occurence 
of  a  complex  defect  associated  to  a  copper  deficiency  (x)  on  the  Cu(1)  site: 
a  2(x)  deficiency  on  the  bridging  oxygen  and  a  deficiency  (x)  on  the  sum 
0(4)+0(5)  of  the  two  oxygen  sites  around  Cu(1).  with  a  maximun  ocuppancy 
of  (x)  on  the  "forbidden"  0(5)  site.  The  formula  should  then  be  written  tor  a 
maximum  oxygenation: 

[Yi  Ba2  Cu(2)2  0(2)-0(3)4  )  Cu(1)i.x  0(1)2-2x  (O(4)-0(5)i.x) 

This  copper  deficiency  is  found  in  the  range  3-6%,  in  agreement  with  X-ray 
results  and  is  due  to  a  copper  fugacity  on  the  weakly  bound  Cud )  site,  Cu* 
3d1®  only  surrounded  by  two  oxygen  at  the  high  temperature  used  to 
orepare  single  crystals,  even  in  an  excess  ot  CuO.  It  should  be  noted  that 
we  never  observed  any  deficiency  on  the  Y,  Ba.  Cu(2)  and  0(2)-(3)  sites. 
This  result  is  also  valid  for  yttric  rare  earth  such  as  Dy.  Ho.  Er.  This 
defect  results  in  a  lowering  of  Tc,  a  broadening  ot  the  suoerconductmn 
transition  and  a  reduced  Meissner  effect  observed  in  "large"  single 
crystals  as  compared  to  ideal  ceramics  or  to  "small"  (v<1mm3)  single 
crystals  prepared  at  lower  temperature.  For  lower  oxygen  content  and 
down  to  06.4  only  the  chain  oxygen  site  0{4)  is  stable  but  the  vacancies  on 
Cu(1)  and  bridging  oxygen  0(1)  remain. 

In  addition  we  observe  a  change  in  the  in-plane  anisotropy,  especially  on 
the  Ui  i  term,  of  the  chain  oxygen  with  oxygen  concentration  and  very 
small  change  in  distance  at  low  temperature 

M7 .115 

CRYSTAL  CHEMICAL  AND  FUNCTIONAL  REPRESENTATION 
OF  HIGH-TC  SUPERCONDUCTORS  AND  RELATED  PHASES. 

J  ■  Siaalovskv  and  B.C.  Giessen,  Materials 
Science  Division,  Barnett  Institute  and 
Department  of  Chemistry,  Northeastern 
University,  Boston,  MA  02115 

The  diversity  of  cuprates,  bismates,  thallates, 
and  related  ceramic  superconductors  and  the 
strong  effects  of  compositional  variations  such 
as  cation  substitution,  oxygen  content  and 
intercalation  suggest  the  need  for  an  efficient 
characterization  and  cataloguing  system  based 
on  compositional,  crystallographic  and 
functional  criteria.  Compositional  factors 
include  element  content,  stoichiometry,  or 
groups  of  elements  occupying  specific  atomic 
positions.  Crystallographic  criteria  include 
crystal  system,  unit  cell  size,  space  group, 
and  structural  subunits.  Functional 
characterizations  are  based  on  the  geometry  of 
specific  functional  groups  (metal-oxygen 
polyhedra  or  networks,  counterions, 
intercalants)  and  atomic  connectivity  or  unit 
dimensionality  (isolated  ions,  chains,  layers 
or  three-dimensional  networks) . 

Additional  classification  is  based  on 
electronic  characteristics.  Within  any  scheme, 
compounds  are  identified  by  a  digital  code  for 
cross-referencing.  A  well  designed  system 
should  also  be  useful  for  the  description  of 
"missing”  phases  that  might  form  in 
constrained,  metastable  equilibrium. 

K7.116 

ULTRASONIC  STUDY  OF  ELASTIC  ANISOTROPY  AND  LATTICE 
INSTABILITYOF  OF  SINGLE  CRYSTAL  Bi-STjCaCu-Og.  Jin  WU. 
Ye-Ning  WANG,  Hui-Min  SHEN,  Jin-Song THU,  Institute  of 
Solid  State  Physics,  Nanjing  University,  Nanjing, 
P.R. Chins. 
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Both  the  longitudinal  and  transverse  sound  velocities  vs 
temperature  along  two  perpendicular  directions  in  the  a-b 
plane  of  Bi^Sr-Cat^Og  single  crystal  with  Tc«84.5K  have 
been  measured  by  pulse  echo  technique ,  using  the 
PZT(longitudinal  wave,  7.5MHz)  and  quartz(shear  wave, 
10MHz)  transducers.  X-rays  diffraction  experiments  deter¬ 
mined  the  directions  which  ultrasonic  wave  propagated 
along  and  lowed  that  the  specimen  is  a  fairly  good 
monocrystal. 

The  elastic  constants  Cj,,  C, 2,  and  C, ,  vs  temperature 
have  been  calculated  from  the  velocity  data.  The  elastic 
softening  minimum  around  2 SOX  and  elastic  anisotropy  are 
obviously  observed  in  the  a-b  plane.  The  phase-like 
transiton  as  we  called  near  2S0X  is  characterized  by  the 
jump  of  lattice  parameters  but  with  symmetry  unchanged.  It 
was  also  found  that  the  sound  velocity  minimum  results 
primarily  from  a  shear  instability,  which  is  consistent 
with  the  appearance  of  internal  friction  peak  and  ferro- 
elastic  stress-strain  loop  around  250K  induced  by  the 
motion  of  interfaces  of  two  phases  with  slight  different 
lattice  parameters,  because  the  mobility  of  interfaces 
often  originate  from  shear  deformation. 

M7.117 

IRRADIATION  EFFECTS  IN  Tl2Ca2Ba2Cu3Oio  SUPERCONDUCTORS. 

C .  Barbour .  J.  F.  Kwak,  E.  L.  Venturini,  D.  S.  Ginley,  and 
P.  S.  Peercy,  Sandia  National  Laboratories,  Albuquerque,  NM 
87185. 

The  effects  of  ion  irradiation  on  Tc,  Jc,  and  flux  pinning 
were  studied  in  thin  superconducting  films  of 
Tl2Ca2Ba2Cu30io .  Our  previous  studies  of  0- irradiation  were 
extended  to  other  ions  and  energies  to  separate  the  effects 
of  energy  deposition  into  Ionization  and  atomic 
displacements.  Ue  also  looked  for  flux  pinning  from  low 
fluence  He  irradiation.  The  range  of  the  ions  was  chosen  to 
be  greater  than  the  0.2  to  0.7  pm  thickness  of  the  highly 
oriented  polycrystalline  films  on  SrT103  substrates. 
Comparison  of  760  keV  0  and  2  MeV  He  ion  irradiations  shows 
comparable  decreases  in  Tc  for  comparable  energy  into  atomic 
displacements,  suggesting  that  ionization  effects  are 
negligible.  The  zero  resistance  state  is  suppressed  at  a 
damage  level  of  0.028  dpa  for  760  keV  0  irradiation.  The 
behavior  of  the  p  vs .  T  curve  was  found  to  depend 
sensitively  on  both  the  microstructure  and  quality  of 
interconnections  between  grains.  Tc(p-0)  and  Tc(onset) 
decreased  smoothly  without  structure  in  the  p(T)  curves  for 
0.7  pm  films  which  had  high  substrate  coverage  and  broad 
grain  Interconnections.  In  contrast,  Tc(onset)  remained 
approximately  constant  while  Tc(/>-0)  decreased  and  extra 
structure  appeared  in  the  p(T)  curves  for  0.2  pm  filns  which 
had  ■*  75%  substrate  coverage  and  narrow  grain 
interconnections.  Finally,  no  effect  on  the  44  meV  pinning 
barrier  in  a  0.5  kC  field  was  observed  for  fluences  up  to 
1x10*5  He/cm?  (2  MeV  He),  which  decreased  Te  by  «  10%  and 
the  magnetic  shielding  current  by  15%.  Ue  speculate  that 
grain  boundary  pinning  is  sufficient  to  mask  effects  of  ion- 
induced  defects  on  the  pinning. 

This  work  was  funded  by  the  U.S.  DOE  under  contract  no. 
DE-AC04- 76DP00789 . 
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MAGNETIC  romjOTICN  DEPOTS  CT  ALIGNED  OCNP0S1TES  OP  THE 
HIGH  TDOfSKMC  SUFDCCNDUCICR  TljCWjjBaqCL^o^*  .  J.  R. 
QxmgB*'  •  D.  K.  Christen®,  H.  A.  Dames®,  Y.  C.  KinP,  J. 
Brynastad8,  S.  T.  Sakula®,  H.  R.  Karcfcnar*,  and  J.  D. 
Budal*,  *0«k  Ridge  National  Laboratory,  Oak  Ridge  TN  37831 
and  “Dept,  of  Jtysioe,  University  of  Tamaaan,  Rncvilla. 

Polycryatallina  sintered  aeaplae  of  the  high  taparature 
afoadaetlig  oapart  Tl2^2B82Cu3°lCH-  6  ***•  synthaaizad 


with  relatively  high  phase  purity,  ground  to  a  fine  powder, 
and  used  to  farm  an  axially  aligned  ocnpoeite  by  suspending 
it  in  liquid  epoxy  in  the  presence  of  an  aligning  magnetic 
field.  X-ray  diffraction  with  scattering  along  the 
alignment  axis  gave  only  (001)  reflections  with  rocking 
curve  widths  of  1°  Evm,  indicating  good  c— axis  aligrment. 
The  transition  temperature  defined  by  extrapolating  the 
diamagnetic  signal  to  zero,  was  123.5  X. 

The  magnetization  M(H,T)  was  investigated  in  a  SQUID 
magnetometer  far  fields  H  <  SO  kOe  and  tapecatures  T  <  130 
K.  Using  the  analysis  of  Kogan  et  al.  [Riys.  Rev.  B  38, 
11958  (1988)],  we  obtained  values  for  the  penetration  depth 
)^(T)  as  function  of  tecperatura.  For  H  //  c-axis  with 
induced  suparcurrents  in  the  ab  plane,  the  corresponding 
penetration  depth  X^fT)  was  evaluated  and  oonpared  with 
various  theoretical  results  far  the  tenperature  dependence. 
BCS  weak  octpling  results  in  the  clean  limit  appeared  to 
give  a  better  description  of  the  data  than  two  fluid,  dirty 
limit,  or  strong  coupling  calculations.  An  extrapolation  to 
T  »  0  X  gave  a  value  far  Xab(O)  “  0.17  yma.  Analogous 
results  for  the  penetration  depth  corresponding  to  vortex 
supercurrents  along  the  c-axis  will  be  discussed. 

“Research  sponsored  by  the  Division  of  Materials  Sciences, 

U.  S.  Department  of  Energy  under  contract  EE-AC05-64CR21400 
with  Martin  Marietta  Energy  systems,  Inc. 
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SUPERSTRUCTURE  AND  LONG  PERIOD  ANTIPHASE  BOUNDARIES 

IN  BizSrzCaCu208.x.  R.  Herrera,  ft  Schabes-Retchkiman.  J. 
Reyes-Gasga,  and  M.  J.  YacamSn,  Institute,  de  Fisica, 
U.N.A.M,  Apdo.  Postal  20-364,  OlOOO.  Mexico,  D.F.,  Mexico 

The  occurrence  of  a  superstucture  in  the  electron 
diffraction  patterns  along  the  b-axis  in  the  Bi  based 
high-Tc  superconductors  has  been  reported  by  several 
groups.  Although  several  models  have  been  proposed,  no 
agreement  has  been  reached  on  the  type  of  superstructure. 

We  have  analyzed  the  structure  of  the  BizSrzCaCuzO*.*  from 
the  long-period  superstructure  point  of  view.  An 
incommensurate  modulation  along  the  b-axis  has  been  found 
with  mean  size  for  the  antiphase  boundaries  of  M=5/2.  It  is 
concluded  that  the  superstructure  is  consistent  with  a 
long-period  structure  based  on  planar  defects  such  as 
antiphase  boundaries.  Calculated  diffraction  patterns  and 
images  using  this  model  are  in  full  agreement  with  the 
experimental  results  obtained  by  several  groups.  We 
conclude  that  the  incommensurate  structure  along  the  b-axis 
observed  in  these  materials  can  be  explained  in  terms  of  a 
simple  defect  structure. 

M7.120 

TRANSMISSION  ELECTRON  MICROSCOPY  STUDY  OF 
Fe-DOPED  BiCaSrCuO.  K.  Fortunati.  R.  Gronsky,  R.L.  Meng*. 
and  C.W.  Chu*,  Department  of  Materials  Science  and  Mineral 
Engineering,  University  of  California,  and  National  Center  for  Election 
Microscopy,  Lawrence  Berkeley  Laboratory,  Berkeley,  CA  94720; 
•Texas  Center  for  Superconductivity,  University  of  Houston,  Houston, 
Texas  77204 


Large-angle  grain  boundaries  have  been  frequently  observed  in  high- 
resolution  transmission  electron  microscope  images  of  iron-doped 
BiCaSrCuO  (BCSCO)  high-temperature  superconductors.  When  the 
matrix  is  viewed  along  the  [001]  crystallographic  orientation,  a  direct  view 
of  the  c-plane  stacking  is  observed  in  small,  high  aspect-ratio  grains. 
These  perpendicularly  oriented  grains  have  widths  along  the  [001] 
direction  on  the  order  of  hundreds  of  Angstroms.  This  type  of 
microstructure  has  not  been  found  in  BCSCO  doped  (five  atomic  percent, 
with  respect  to  copper)  with  other  metals  (Co,  Ni,  Zn  and  Ga),  nor  in 
undoped  material.  Therefore,  its  presence  suggests  that  the  introduction 
of  iron  must  cause  some  change  in  the  surface  energy,  and  hence 
microstructure,  of  the  material.  This  study  attempts  to  explain  this 
nucrostrucnne,  and  to  correlate  it  to  measured  electronic  properties. 
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The  microstructure  found  in  the  Fe-doped  materials  may  have  significant 
effects  on  superconducting  properties,  due  to  weak  conduction  links  and 
flux  pinning  at  the  grain  boundaries.  The  superconducting  transition 
temperature  of  the  Fe-doped  material  is  markedly  lower  than  die  undoped 
material.  Although  the  increased  gTain  boundary  area  of  this 
microstructure  may  be  responsible  for  some  of  the  lowering  of  the 
transition  temperature,  its  effect  on  the  critical  current  and  critical  magnetic 
field  of  the  superconductor  is  expected  to  be  much  more  dramatic. 

This  work  was  supported  by  a  University  of  Houston  (TCSUH) 
subcontract  under  DARPA  Grant  No.  MDA972-88-J- 1002,  and  by  U.S. 
Department  of  Energy  Contract  No.  DE-AC03-76SF00098. 

M7.121  ABSTRACT  NOT  AVAILABLE 

M7.122 

PROCESSING  AND  CHARACTERISATION  OF  SINGLE  PHASE 
SUPERCONDUCTING  THIN  FILMS  IN  THE  Bi-Sr-Ca-Cu-0 
SYSTEM  FROM  CHEMICAL  PRECURSORS.  T.  E.  Bloomer, 

S.  J.  Golden.  F.  F.  Lange  and  K.  J.  Vaidya.  UCSB,  Materials 
Dept.,  Eng  111,  Santa  Barbara,  CA  93106  and  W.  L.  Olson. 
Superconductor  Technologies,  Inc.,  460  Ward  Drive,  Suite  F, 

Santa  Barbara,  CA  93111. 

Single  phase,  superconducting  thin  films  in  the  Bi-Sr-Ca-Cu-0 
system  have  been  fabricated  by  the  spin-pyrolysis  of  ethyl 
hexanoate  liquid  precursors  on  single-crystal  MgO.  Thin  films 
were  characterized  by  a  variety  of  techniques.  In  addition,  a 
parallel  study  of  bulk  material  was  carried  out  using  high 
temperature  X-ray  diffraction  and  differential  thermal  analysis. 

It  was  found  that  single-phase  films  (by  X-ray  diffraction  and 
scanning  electron  microscopy  ),  with  a  Tc  (R  -  0)  of  86K,  were 
obtained  only  with  Sr-defficient,  Bi-rich  compositions  (cf.'2212‘). 
With  these  film  compositions,  a  wide  temperature  range  was 
found  to  exist  over  which  single-phase,  two-layer  c-axis 
oriented  films  could  be  obtained;  745-840  C.  Thin  film  data 
relating  to  the  two-layer  composition  range  and  temperature 
range  of  formation  are  interpreted  in  terms  of  differential 
thermal  analysis  and  high  temperature  X-ray  diffraction  data; 
possible  phase  relations  pertinent  to  the  formation  of  the 
two-layer  phase  are  discussed. 

Work  supported  by  US  DARPA  under  contract 
No.  N00014  88  C  0713. 

M7.123 

MAGNETIC  AND  *>»Sn  M0SSBAUER  EFFECT  STUDY  OF  Sn-DOPED 
Pb^Sr jEu^  5C«0  jCv,3_xSnx°8+*  <x  “  0-1)  SUPERCONDUCTOR. 

P.P.  Vilahnav.  GMI  Engineering  end  Menegeeent  Institute, 
Flint,  MI  4850A;  end  C.D.  Nelson  end  V.P.  Prett,  Jr.,  Dept, 
of  Physics  end  Astronosiy,  Michigen  Stete  University,  Best 
Lansing,  Ml  4B824. 

X-rey  diffrection.  negnetic  susceptibility  end  »»»Sn 
Moeebeuer  effect  Beesureswnts  heve  been  performed  for  the 
titled  superconductor.  Fron  the  x-rey  diffrection  neesure- 
■ents,  it  wee  found  thet  the  seaple  is  e  single-phese 
■eteriel.  To  obtain  information  about  the  diamagnetic 
shielding  and  Meissner  effects,  susceptibility  measurements 
were  performed  in  a)  the  field-cooled  and  b)  xero-field- 
cooled  modes.  The  »»»Sn  Mossbauer  effect  spectrum  shoved 
the  presence  of  Sn  in  the  *+  state.  No  evidence  was  found 
for  the  2+  state  of  Sn. 

Work  supported  by  the  MSU  Center  for  Fundamental  Materials 
Research. 


M7 .124 

PHYSICAL  PROPERTIES  OF  Bi2Sr2Cu06(  THE 
SEMICONDUCTING  PHASE,  STRUCTURALLY  DISTINCT 
FROM  THE  N=1  Bi-CUPRATE  SUPERCONDUCTOR  Brvan  C. 
Chakoumakos.  Brian  C.  Sales,  and  Edward  Sonder.  Solid  State 
Division,  Oak  Ridge  National  Laboratory*,  P.O.  Box  2008,  Oak 
Ridge,  TN  37831-6056. 

The  stable  phase  that  forms  near  2-2-1  in  the  Bi-Sr-Cu  oxide 
system  is  now  recognized  as  a  semiconducting  phase 
structurally  distinct  from  the  n  =  1  Bi-cuprate  superconductor, 
whose  actual  composition  (Bi2Sr2.*Cu06-y,  x=  0.1-0.25,  y=0-0.5) 
is  deficient  in  Sr.  The  2-2-1  phase  forms  by  a  slow  solid-state 
replacment  of  the  superconducting  phase  for  compositions  near 
2-2-1.  It  also  has  been  grown  from  melt  compositions  (2-2-1 
ranging  to  2-2.25-1.5),  but  single-phase  products  are  not 
obtained,  implying  incongruent  melting.  Alumina  and 
zirconia  crucibles  promote  five  growth  of  the  superconducting 
phase  by  reacting  with  the  melt  to  remove  Sr,  whereas  Au 
crucibles  promote  the  growth  of  the  2-2-1  phase.  Owing  to  its 
fine-grained,  fibrous  habit,  structural  characterization  has  been 
difficult.  Of  the  unit  cells  proposed,  that  of  Roth  et  al.  provides 
the  best  fit  to  our  x-ray  powder  data,  a  =  24.654(2),  b  =  5.4074(8),  c 
«  22.241(7)  A,  (J  =  106(1)°.  Although,  the  superconducting  n  =  1 
Bi-cuprate  exhibits  variable  Sr  and  O  contents,  the  2-2-1  phase 
appears  to  be  a  single  composition  with  no  oxygen  exchange 
observed  by  TGA.  The  2-2-1  phase  is  semiconducting  as 
determined  by  electrical  resistivity  measurements. 

‘Research  sponsored  by  the  Division  of  Materials  Sciences,  U  S. 

Department  of  Energy  under  contract  DE-AC05-840R21400  with 

Martin  Marietta  Energy  Systems,  Inc- 
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RF  SURFACE  RESISTANCE  MEASUREMENTS  IN  THE  Pb- 
Bi-Sr-Ca-Cu-O  SYSTEM.  M.  T.  Lanagan.  C.  T.  Bohn,  J.  R. 
Delayen,  M.  C.  Einloth,  R.  N.  Vogt,  and  U.  Balachandran, 
Argonne  National  Laboratory,  Argonne,  IL. 

Superconducting  Bi2Sr2CaCu20x  (BSCCO)  specimens  were 
fabricated  by  melting  and  recrystallization.  Tbe  melting 
operation  required  that  BSCCO  be  placed  on  a  compatible 
substrate,  for  which  silver  was  found  to  be  suitable.  Silver 
substrates  up  to  6  in.  in  diameter  were  coated  with  BSCCO 
thick  films  and  subsequently  fired  at  850  to  910°C.  Samples 
were  characterized  by  scanning  electron  microscopy,  x— ray 
diffraction,  and  critical  current  density.  The  rf  surface 
resistance  was  measured  by  replacing  the  bottom  of  a  TE-mode 
resonant  cavity  with  a  BSCCO  thick-film  specimen.  A  sharp 
transition  in  rf  surface  resistance  was  observed  at  80  K. 

Pb-doped  BiSrCaCui  sO*  did  not  require  melting  and  could  be 
sintered  without  a  substrate.  Organics  were  added  to  the  Pb- 
doped  BSCCO  powder,  and  a  plastic  mass  was  extruded  into 
wire.  Various  neat  treatments  were  carried  out  for  sintering 
times  of  up  to  14  days,  the  wire  was  then  placed  as  the  center 
conductor  in  a  resonant  coaxial  cavity,  and  surface  resistance 
at  1  GHz  was  measured  as  a  function  of  temperature  from  4  to 
120  K.  Rf  surface  resistance  data  revealed  that  the  onset  of 
superconductivity  occurred  at  105  K  and  that  the  transition 
was  very  broad.  This  is  in  contrast  to  undoped  BSCCO  speci¬ 
mens  measured  earlier.  The  rf  surface  resistance  will  be 
compared  with  copper,  YBaaCusOi-x,  and  other  supercon¬ 
ducting  materials. 

Work  supported  by  the  U.  S.  Department  of  Energy,  Office  of 
Energy  Storage  and  Distribuiton,  Conservation  and  Renewable 
Energy,  under  Contract  W-31-109-Eng-38. 
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MAGNETIC  PROPERTIES  OF  Pb.Sr.Eu,  Ca  Cu„0„ ,  SUPERCONDUCTORS. 

2  2  1-x  x  3  8+z 

C  ■  D  ■  Nelson  and  S.P.  Pratt,  Jr.,  Dept,  of  Physics  and 
Astronoay,  Michigan  State  University,  East  Lansing,  MI 
48824;  and  P.P.  Vaishnava,  GH1  Engineering  and  Management 
Institute,  Flint,  MI  48504. 


X-ray  diffraction  and  magnetic  neasurenents  using  a  SQUID 
magnetometer  have  been  perforaed  on  Pb2Sr2Eu1  ICaxCu3°g+z 

(0  <  x  <  0.9)  superconductors.  For  x  -  0,  0.1,  0.3,  0.5, 
and  0.7,  ve  have  single  phase  materials.  Bovever,  a  snail 
percentage  of  an  iapurity  phase  is  noticed  in  the  x  -  0.7 
sample,  and  the  x  *  0.9  saaple  is  clearly  not  a  single  phase 
aaterial.  The  onset  temperature  for  the  superconducting 
transition  becomes  higher  as  the  Ca  concentration  is  in¬ 
creased.  To  obtain  information  about  the  diamagnetic 
shielding  and  Meissner  effects,  the  susceptibility  of  all 
the  samples  vas  measured  under  tvo  protocols:  zero-field¬ 
cooling  and  field-cooling.  The  Meissner  fraction  mas  always 
less  than  100Z,  but  this  fraction  increased  as  the  Ca  con¬ 
centration  was  made  larger.  From  our  susceptibility  versus 
magnetic  field  measurements,  ve  have  obtained  values  for  H 


Work  supported  by  MSU  Center  for  Fundamental  Materials 
Research. 
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INVESTIGATIONS  ON  SUPERCONDUCTIVITY  IN  Pb-Sr-R- 
Ca-Cu-0  <R=Y,Gd,Dy)  OXIDE  SYSTEM,  Ram  Prasad  and 
N.C.  Soni,  Metallurgy  Division,  Bhabha  Atomic 
Research  Centre,  Trombay,  Bombay  400  085. 

The  effect  of  sintering  temperature,  furnace 
atmosphere  and  composition  on  the 

superconducting  transition  temperature  of 
several  members  of  the  series  Pbj  Srj  Ri-i  Ca, 
Cuj  Oi  (0.0<x<0.7,  RrY,  Gd,  Dy)  has  been 
investigated.  The  shape  of  the  resistivity 
temperature  curve  and  the  zero  resistance 
temperatures  are  found  to  be  extremely  sensitive 
to  the  synthesis  parameters  employed. 
Superconductivity  is  not  observed  in  the  samples 
treated  in  oxidizing  atmosphere  or  heated  at 
very  high  temperature.  Samples  sintered  in 
flowing  nitrogen  atmosphere  showed  incomplete 
transitions  starting  at  about  75  K  and  extending 
down  to  15  K.  We  have  developed  a  new  and 
comparatively  simple  synthesis  procedure 

involving  treatment  of  the  sample  in  vacuum  to 
obtain  nearly  single  phase  materials  showing 
metallic  behaviour  and  superconductivity.  The 
superconducting  onset  temperature  iB  found  to  be 
about  75  K  and  the  zero  resistance  temperature 
is  50  K.  With  this  procedure,  samples  of  the 
composition  PbaSnYCujOi  also  show 

superconductivity.  The  effect  of  replacement 

of  calcium  by  other  ions  will  also  be  discussed. 

H7.128 

HIGHLY  TEXTURED  SUPERCONDUCTING  Bi2Sr2Ca,Cu2Oy 
CRYVIALS  PREPARED  BY  UNIDIRECTIONAL 
SOLIDIFICATION  PROCESSING. 

T.Oyama,  M.Nakagawa,  T.Suga,  K.Ishige,  S.Nagaya,  M.Miyajima, 
I.Hirabayashi,  Y.Shiohara.  and  S.Tanaka,  Superconductivity 
Research  Laboratory  (SRL),  International  Superconductivity 
Technology  Center  (ISTEC),  1-10-13  Shinonome,  Koto-ku,  Tokyo 
135,  JAPAN. 


Unidirectional  solidification  processes,  for  making  high  Tc 
superconductive  oxides  have  been  investigated.  The  potential 
importance  of  solidification  processing  route  was  revealed  by  the 
high  critical  current  densities  demonstrated  by  S.  Jin  et  al.  and  M. 
Murakami  et  al.  in  textured  YBa2Cu3C>7-j.  In  this  report,  we 
present  effects  of  solidification  processing  parameters  on  texture, 
morphology,  grain  size,  and  structure  of  crystals  grown 
unidirectionally.  Processing  parameters  include  growth  rate  (R), 
liquid/solid  interface  temperature  gradient  (G),  rod  diameter  (d), 
and  rod  initial  composition  (Co).  The  ratio  G/R  adjusts  the  texture, 
morphology,  and  structure  of  the  crystals.  The  texture  of  the 
processed  rods  of  Bi2Sr2CaiCu2Oy  was  with  the  c-axis  normal  to 
the  rod  axis.  The  higher  the  G/R,  the  more  highly  the  crystals 
grow  unidirectionally.  The  crystal  grains  become  larger  and 
longer  with  decreasing  the  growth  rate.  Interrelation  between 
textured  structure  and  superconducting  behavior  will  be  presented. 

Work  supported  in  part  by  the  Ministry  of  International  Trade  and 
Industry  (MITI)  through  the  New  Energy  and  Industrial 
Technology  Development  Organization  (NEDO) 

M7.129 


FLUX-ASSISTED  PREPARATION  OF  POWDERED 
BISMUTH  SUPERCONDUCTORS,  R.  H.  Arendt.  M.  F. 
Garbauskas  and  L.  L.  Schilling,  General  Electric 
Company,  Corporate  Research  and  Development,  P.  O. 
Box  8,  Schenectady,  NY  12301. 


Results  are  presented  on  efforts  to  prepare  both  the  80K  and 
11  OK  transition  temperature  bismuth  superconducting  species 
in  either  phase  pure  or  nearly  phase  pure,  powdered  form. 
Such  material  can  be  used  to  fabricate  superconducting 
structures,  such  as  metal  sheathed  wire  and  tapes.  Two 
solvent  systems  were  investigated.  It  was  found  that  the  1 10K 
species  could  not  be  prepared  with  either  flux  system.  In 
contrast,  the  80K  species  could  be  prepared  with  either  flux.  In 
one  case,  the  final  product  was  the  nearly  phase  pure,  with 
highly  reproducible  superconducting  characteristics.  Data  will 
be  presented  on  the  effects  of  variation  of  the  reaction 
temperature  and  duration,  solvent  content,  and  of  post¬ 
synthesis  anneals  of  the  product  materials. 

M7.130 


SYNTHESIS  AND  PROCESSING  OF  Bi-Sr-Ca-Cu-O  POWDERS. 

S.  M.  Jphnson.  M.  I.  Gusman,  L.  Liu,  R.  H.  Lamoreaux,  SRI 
International,  Menlo  Park,  CA;  and  C.B.  Eom,  Stanford  University, 
Stanford,  CA. 

Powders  in  the  Bl-Sr-Ca-Cu-O  and  related  systems  have  been  synthesized 
by  freeze-drying.  The  properties  of  these  powders  are  compared  to  those  of 
powders  in  die  Y-Ba-Cu-O  system.  Bi-based  powders  have  a  larger  particle 
size  (>lpm)  than  Y-Ba-Cu-O  powders  because  calcining  temperatures  are 
close  to  the  melting  point  The  effects  of  sintering  temperature  on  critical 
transition  temperature  have  been  studied.  Powders  containing  lead  have 
also  been  prepared. 

An  overview  of  the  powder  synthesis  method  will  be  presented,  followed 
by  data  on  the  effects  of  the  processing  conditions  on  the  superconducting 
properties. 

This  research  is  supported  by  the  Electric  Power  Research  Institute. 
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M7.131 

SYNTHESIS,  MICROSTRUCTURE  AND  CRITICAL 
CURRENT  DENSITY  OF  CRYSTALLIZED  GLASSES  IN 
Bi-Sr-Ca-Cu-0  SYSTEM.*  Donglu  Shi.  M.  S.  Boley, 

J.  G.  Chen,  Ming  Xu,  U.  Welp,  and  K.  Vandervoort, 

Argonne  National  Laboratory,  Argonne,  Illinois  60439. 

Materials  in  the  Bi-Sr-Ca-Cu-0  system  with  various  nominal 
compositions  have  been  completely  melted  and  rapidly 
solidified  by  using  splat  quenching  technique  to  produce  highly 
dense  and  homogeneous  glasses.  Desired  superconducting 
phases  with  single  resistive  and  magnetization  shielding 
transitions  at  110  K  and  85  K  have  been  obtained  through 
subsequent  crystallization  anneals.  With  highly  controlled 
microstructures,  the  flux  pinning  strength  is  greatly  in¬ 
creased  resulting  in  a  30  times  increase  in  intragrain  critical 
current  density  from  10*  A/cm2  to  107  A/cm2  at  5  T  at  10  K. 
Two  types  of  microstructural  changes  have  been  observed, 
which  are  likely  to  be  responsible  for  the  rapid  increase  of 
critical  current  density.  Large  amounts  of  finely  dispersed 
precipitates  have  been  found  in  the  sample  matrix,  and  the 
density  of  the  precipitates  greatly  increases  with  the  calcium 
and  copper  concentration  in  the  starting  material.  Extra 
calcium  and  copper  supersaturated  in  the  sample  matrix  also 
causes  severe  lattice  distortion  and  forms  large  quantity  of 
surface  defects.  These  atomic  lattice  defects  are  also  believed  to 
increase  the  flux  pinning  strength. 

M7.132 

CRYSTAL  GROWTH  OF  HIGH  Tc  SUPERCONDUCTORS  IN 
THE  SYSTEM  Bi-Ca-Sr-Cu-O.  P.D. HAN  and  D.A.PAYNE, 
Department  of  Materials  Science  and  Engineering, 
Materials  Research  Laboratory, and  Science  and 
Technology  Center  for  Superconductivity, 

University  of  Illinois  at  Urbana-Champaign, 

Urbana,  IL  61801. 

Systematic  investigation  of  crystal  growth  in  the 
system  Bi-Ca-Sr-Cu-0  is  reported.  Centimeter  size 
single  crystals  of  Bi2CaSr2Cu20s  (2122,  Tc=80K)  and 
Bi2Sr2Cu06  (2021,  Tc=l2K)  were  grown  from  off- 
stoichiometric  and  stoichiometric  melts.  Data  are 
reported  for  the  fluxes  used  and  developed. 

Millimeter  size  crystals  of  Bi2Cs2Sr2Cu 30 10  (2223, 
TczllOK)  were  grown  by  crystallization  of 
amorphous  precursors  in  the  solid  state.  The  three 
types  of  superconducting  crystals  were 
characterized  by  OM,  XRD,  SEM,  TEM,  SQUID  and 
resistivity  measurement.  Data  are  reported  also  for 
the  influences  of  growth  parameters  and  chemical 
additions  (e.g.,  Pb,Sb,Ge,Sn)  on  superconducting 
characteristic  and  growth  mechanisms. 

H7.133 

EVOLUTION  OF  THE  HIGH  Tc  PHASE  IN  RAPIDLY 
SOLIDIFIED  8i-Ca-Sr-Cu  OXIDES.  A.  Aslhana.  P.D.  Han, 

Z.  Xu.  L.  Chang  and  D.A.  Payne.  Department  of  Materials 
Science  and  Engineering.  Materials  Research  Laboratory,  and 
Science  and  Technology  Center  tor  Superconductivity, 

University  of  Illinois  at  Urbana-Champaign,  IL  61801. 

Materials  in  the  Bi-Ca-Sr-Cu-0  system  were  prepared  by 
rapid  solidification.  Specific  heat-treatment  conditions  for  the 
crystallization  of  the  various  superconducting  phases 
(Bi2Sr2CuiOg.  BigCaiSr2Cu208.  BigCmgSrgCuaOio)  were 
identified.  The  effect  of  heat-treatment  conditions  and  chemical 
additives  on  the  superconducting  properties  was  studied. 

Emphasis  was  placed  on  optimizing  processing  conditions  for 
enhancing  the  content  of  the  high  Tc  (BfeCagSrgCuaOio) 
phase.  A  number  of  starting  compositions  were  used  In  order  to 
maximize  the  fraction  of  the  high  Tc  phase.  Intergrowths  ol 
lower  Te  phases,  and  precipitation  of  extraneous  phases  such 


as  CuO  and  (Ca.SrteC^O-.,  complicated  efforts  to  obtain  the 
high  Te  phase  in  pure  form.  The  effect  of  dopants  (such  as  Pb, 
Sb,  Sn,  Ge)  on  stabilization  of  the  high  Tc  phase  was  also 
investigated.  A  coexisting  liquid  phase  was  observed  during 
heat-treatment,  and  might  play  an  important  role  in  the 
formation  of  the  high  Tc  phase.  Results  will  be  discussed  with 
respect  to  data  on  superconducting  properties  as  a  function  of 
microstructure  evolution. 

M7.134 


SPECIAL  TREATKE2rr  ON  BiCaSrCuO  SUPERCONDUCTORS.  X.W. 

Wang,  K.  Scott,  C.  Moore,  R.  Snyder,  Alfred  Univeriitv, 
iOT  14802 

After  initial  studies  on  BiCaSrCuO  superconductors  1 ,  we 
have  obtained  sane  new  results  under  two  special 
treatments.  The  first  technique  is  the  glass  ceramic 
BiCaSrCuO  with  magnetic  treatment.  It  is  observed  that 
the  crystal  orientation  and  grain  sizes  are  different 
from  that  under  no  magnetic  treatment.  The  phase 
formation  condition  will  be  discussed. 

The  second  technique  is  the  metal  doping  in  BiCaSrCuO 
system.  It  is  observed  that  under  Al  doping,  the 
mechanical  strength  of  Bi  compound  is  increased  . 
Furthermore,  Pb  doping  has  a  stronger  effect  an  the 
phase  formation.  The  mechanical  strength  is  also 
enhanced  when  Pb  concentration  is  not  too  high.  A 
detailed  study  of  superconductivity,  crystal  structure 
and  morphology  will  be  presented. 

1  X.W.  Wang,  et  al,  ’Studies  of  the  BiCaSrCuO 
Materials’,  in  "Superconductivity  and  its  Applications’, 
ed.  B.  Kwok  et  al  (Elsevier,  New  York,  1988). 

X.W.  Wang,  et  al,  ’Some  Physical  Properties  of  Ceramic 
Superconductors’,  in  "8th  Joint  Symposium  on  Materials 
Science",  June  1989,  Rochester,  N.Y. 

M7.135 

PREPARATION  OF  BiPbSrCaCuO  SUPERCONDUCTORS  BY 
LASER  PEDESTAL  GROWTH  METHOD  :  K.Hayashl ■  H. 

Nonoyama,  M.Ueyana,  M.Nagata,  H  .H i totsuyanag I 
Sueitoeo  Electric  Industries , LTD .  1-3,  Shimaya,  1- 
cbome,  Konohanaku,  Osaka  554  JAPAN 

BiPbSrCaCuO  crystals  were  prepared  by  laser  ped¬ 
estal  growth  eetbod.  Crystal  structure  and  super¬ 
conducting  properties  (Tc.Jc)  were  studied  as  a 
function  of  crystal  growth  and  post  annealing 
conditions . 

Nominal  composition  of  Bi  1 .  4Pbo . sSrgCagCugOx  was 
typically  chosen  for  this  study.  The  beat  source 
was  COg  laser  which  melt  the  top  of  the  feed  rod. 
The  sample  obtained  by  this  method  was  about  2.5mm 
diameter  and  90mm  long.  Pb  and  BI  were  sllgbtly 
evaporated  from  the  melt,  but  the  macroscopic  com¬ 
position  shown  by  1CP  analysis  did  not  change  dur¬ 
ing  crystal  growth.  As-grown  crystal  consisted  of 
SrCaCuO  and  2212  phase  which  were  aligbned  to  lon¬ 
gitudinal  direction  of  the  sample.  After  annealed 
In  air,  SrCaCuO  and  2212  phases  reacted  each  other 
and  2223  phase  wss  grown  between  them.  As  the 
annealing  time  became  longer,  the  volume  fraction 
of  2223  phase  became  larger.  Up  to  now.Tc  of  106X 
and  Jc  of  I560A/cm*  at  77. 3K  without  magnetic 
field  are  obtained. 

This  study  was  carried  out  as  a  part  of  ’RtD 
program  for  superconductive  generation  equipment 
and  materials”  under  the  Moonlight  Project  of 
Agency  of  Industrial  Science  and  Technology,  N1TI 
and  also  being  commissioned  by  the  New  Energy 
and  Industrial  Technology  Development  Organization 
(NEDO). 
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M7.138 


NEW  METBCD  FOR  SYNTHES  12  Ht  Bi-Sr-Ca-Cu-0  SUPERC0ND0CTT31. 

M.  Tanaka,  and  K.  Babu, 

SONY  Corporation  Research  Center,  Tokyo,  Japan. 

It  is  well  known  that  Bi-Sr-Ca-Cu-0  (BSCCO)  super¬ 
conductor  ceramics  consist  of  Bi,Sr,Ca,Cu,0,n(2223) , 
Bi-Sr-Ca.Cu-Ov,  (2212) ,  and  oxides  of  constituent 
elements,  me  single  phase  ceramics  with  high  t  of 
about  107  K  were  fabricated  only  in  BSCCO  with  PB.  It  is 
likely  that  this  superconductor  is  the  alley  with  the 
conposition  of  (Bi,  Fb),(Pb,  Sr,  Ca).Cu,0.ft.  Die 
superconductor  with  Pb  may  have  prcpirtleS  different  from 
those  of  the  pure  BSOCO. 

In  this  work  the  processes  for  preparing  the  oxide 
superconductor  with  high  T  are  studied  in  the  BSCCD 
ceramics  without  Pb.  We  have  obtained  the  BSCCO  cermnics 
with  the  ratio  (2223)/ (2212) *1.5  -  1.8  in  the  nominal 
conposition  of  2:2:2:3  or  2:2:3:4  for  Bi:Sr:Ca:Cu  after 
the  sintering  for  about  30  hr.  It  is  likely  that  the 
crystal  growth  of  (2223)  is  not  depending  on  the  nominal 
conposition  but  the  sintering  conditions.  Our  results 
predict  that  synthesising  (2223)  ceramics  without  Pb  is 
possible.  The  key  conditions  of  our  processes  are  as 
follows;  1)  Sr-Ca-Cu-0  precursor  oxide  and  Bi-O,  are 
used  for  r mi  materials  of  the  sintering  process.  2)  The 
partial  pressure  of  0,  are  arranged  0.0B-0.10  atm.  in  the 
sintering  process.  Tne  superconducting  critical 
tenperature  T  determined  by  a.c.  magnetic  susceptibility 
measurement  is  107  K  for  (2223)  and  80  K  for  (2212) . 

The  anomalous  decrease  of  magnetic  susceptibilities  is 
observed  at  the  tenperature  below  50  K,  and  is  very 
sensitive  to  the  applied  magnetic  field.  The  origin  of 
this  phenomenon  is  under  examination. 


M7.137 


ELECTRICAL  AND  MICROSTRUCTURAL  CHARACTERISTICS 
OF  REGRADED  Bi-Pb-Sr-Ca-Cu-O  SUPERCONDUCTOR 
PREPARED  BY  RAPID  THERMAL  MELT  PROCESSING 
B.  M.  Moon.  B.  Lalevic,  Y.  Lu,  *8.H.  Kear,  *LE.  McCandlish,  "A. 
Safari,  and  “M.  Meskoob.  Department  of  Electrical 
Engineering,  ‘Department  of  Materials  Science,  “Department 
of  Ceramics.  Rutgers  University,  P.O.  Box  909,  Piscataway, 
New  Jersey  08855-0909 

Properties  of  rapidly  melted  Bi-Pb-Sr-Ca-Cu-0  ceramics  have 
been  studied.  Sintered  pallets  were  melted  at  1200C,  cooled 
rapidly,  then  annealed.  As-melt  crystal  exhibits  a  semiconductor 
behavior  and  melt-annealed  samples  are  superconducting  at 
105K  [To0].  Rapid  Thermal  Melt  Processing  (RTMP)  has  the 
potential  of  overcoming  many  problems,  such  as  porosity,  poor 
current  carrying  capacity,  and  poor  mechanical  properties.  This 
is  due  to  the  crystal  growth  at  a  controlled  rate  to  an  essentially 
uniform  size  distribution  while  embedded  in  a  virtually  pore-tree 
matrix  during  RTMP  and  subsequent  heat-treatment. 

In  this  paper.  The  correlations  between  electrical  and 
microstructura!  characteristics  of  RTMP-annealed  samples  will 
be  discussed.  Also,  X-ray  diffraction,  SEM,  magnetic 
susceptibility,  DC  resistance,  and  critical  current  density  data 
will  be  presented. 


THE  PREPARATION  OF  Bi-Pb-Sr-Ca-Cu-0  SUPER¬ 
CONDUCTING  POWDER  FOR  THICK  FILM  PASTES.  J. 
Hagberg,  A.  Uusimaki,  J.  Levoska  and  S.  Leppavuori, 
Microelectronics  and  Material  Physics  Laboratories,  University  of 
Oulu,  Oulu,  Finland 

Fine  grained  and  homogeneous  (Bi-Pb)-Sr-Ca-Cu-O  powders 
with  nominal  compositions  near  by  BizPb0  4Sr2Ca2Cu3Oy  were 
made  via  the  oxalate  route.  In  this  route,  nitrates  of  bismuth,  lead, 
strontium,  calcium  and  copper  and  oxalic  acid  were  used  as  the 
starting  materals.  The  pH  of  the  solutions  made  from  starting 
materials  was  regulated  with  ammonium  hydroxide  around  a 
value  of  3.  The  oxalate  precipitates  were  filtered,  washed  and 
dried.  The  powders  were  then  annealed  at  below  700  °C  to 
decompose  them  to  oxide  powders.  The  powders  were 
investigated  by  TGA,  TDA,  XRD  and  TEM,  and  particle  size  and 
surface  area  measurements  were  carried  out.  The  effect  of  the 
production  parameters,  such  as  washing  conditions  of  the 
residue  and  the  decomposition  annealing  temperature  of  the 
oxalate  powder  on  the  particle  size  of  the  powder,  was  studied. 

The  decomposed  powders  were  found  to  have  particle  sizes  from 
about  50  nm  up  to  750  nm,  and  the  particles  formed 
agglomerates  with  the  largest  dimension  being  up  to  2  urn.  These 
powders  were  mixtures  of  oxides  or  oxides  and  carbonates 
depending  on  the  decomposition  annealing  temperature.  The 
size  of  particle  agglomerates  was  found  to  be  controlable.  The 
properties  of  thick  film  pastes  made  from  oxalate  based  powders 
were  found  to  be  superior  to  the  mixed  oxide/carbonate  based 
pastes. 

M7.139 

PHASE  CHEMISTRY,  MICROSTRUCTURE  AND  PROPERTIES 
OF  DIRECTIONALLY  SOLIDIFIED  SUPERCONDUCTING 
Bi2Sr2CaCu20s.  H.M.  Chow.  X.P.  Jiang,  M.J.  Cima.  J.S. 
Haggerty,  and  M.C.  Flemings,  Department  of  Materials  Science 
and  Engineering,  Massachusetts  Institute  of  Technology, 
Cambridge,  MA  021 39;  H.D.  Brody,  University  of  Pittsburgh, 
Pittsburgh,  PA  15261. 

Ceramic  rods  of  Bi2Sr2CaCu20e  (2212)  were  directionally 
solidified  by  laser-heated  float-zone  crystallization.  The 
microstructure  of  the  resulting  material  can  be  controlled  through 
variation  of  growth  parameters  such  as  growth  rate  and  oxygen 
partial  pressures.  Highly  textured  samples  composed  of  the  2212 
phase  are  produced  at  growth  rates  less  than  0.1  cm/h.  At  these 
low  growth  rates,  the  solidification  front  proceeds  along  the  (200) 
axis  of  the  2212  grains.  Faster  growth  rates  are  accompanied  by 
the  appearance  of  minor  amounts  of  other  phases  in  a  matrix  of 
highly-textured  2212  which  accomodates  the  necessary  change 
in  stoichiometry.  Bi2Sr2Ca06  was  the  only  other  phase  observed 
at  0.2cm/h.  Four  other  phases  were  found  at  0.7cm/h; 
Bi2Sr2Ca06.  Bi2Sro.7Ca04.7,  Bi4.sSr2,7Cu20x,  and 
Sr,  .4CaCu3.90x.  Several  of  these  phases  are  previously 
unreported  but  do  have  analogs  with  binary  oxides  in  this  system. 
The  secondary  phases  can  be  removed  through  annealing  with 
associated  impact  on  the  microstructura.  Very  high  growth  rates 
(16cm/h)  yield  samples  that  contain  only  BisSr3Ca20i2.5, 
Bi4.3Sr3Cu20x,  and  Sr3Ca2CusOx  and  no  2212. 

M7.140 

KELT  PROCESSING  OF  SUPERCONDUCTORS  IN  THE  Bi  Ca  Sr  Cu  Ox 
SYSTEM.  J.P.  Cronin,  S.  West,  E.  Roberts,  S.  Rosenfelder 
and  D.R.  Uhloann,  The  University  of  Arizona,  Arizona 
Matariala  Laboratories,  4715  E.  Ft.  Lowell  Road,  Tucson, 

AZi  O.H.  El-Bayou «i  and  R.J.  Andrews,  Solid  State  Sciences 
Directorate,  Rom  Air  DevalopMnt  Center,  Hanscon  Air 
Force  Base,  HA 
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Glass  formation  in  the  Bi  Ca  Sr  Cu  0X  system  has  been 
explored  as  a  function  of  composition.  Also  investigated 
Were  the  effects  of  selected  dopants  on  glass  f ornability . 
Upon  reheating  the  glasses,  they  were  observed  to 
crystallite  readily.  The  morphology  and  composition  of 
the  crystalline  phases  were  investigated  as  a  function  of 
overall  chemistry,  melting  conditions  and  heat  treatment. 
The  chemistry  and  microstructures  of  the  phases  are 
compared  with  measurements  of  the  critical  current  density 
and  critical  temperature  for  superconducting  behavior. 

M7.141 


CATION  DISORDERING  IN  T1  SUPERCONDUCTORS* 
jL-MorosUh  R.  {.  Baughman,  D.  S.  Ginley,  J.  F.  Kwak,  J.  E. 
Schirber,  C.  P.  Tigges  and  E.  L.  Venturini,  Sandia  National 
Laboratories,  Albuquerque,  NM  87185 

structure  determinations  on  crystals  grown  from  melts 
with  different  metal  oxide  ratios  suggest  cation  solid  solution  (or 
disorder)  occurs  in  Tl-Ca-Ba-Cu-O  high-Tc  superconductors.  Such 
disorder  together  with  varying  oxygen  vacancies  alters  the  carrier 
concentration,  producing  a  wide  range  of  Tc’s  for  individual  crystals 
belonging  to  the  identical  structure-type  or  phase.  These  small 
stoichiometric  differences  are  also  reflected  in  the  lattice 
parameters  values  reported  by  different  laboratories  for  a  particular 
phase.  The  effect  of  pressure  on  Tc  has  been  determined  using  an 
R.F.  technique.  On  the  TljCaBajCujO,  phase,  a  Tl-rich/Ca-poor 
crystal  with  a  Tc  of  95K  had  dTc/dp  -  0.33±0.04  K/kbar  while  a 
mat5rial  with  Tc  of  106K  had  a  smaller  value 
of  0.20±0.04K/kbar.  Such  large  differences  in  the  pressure 
derivative  of  Tc  may  result  from  such  cation  disordering.  Vacuum 
and  oxygen  annealing  studies  on  well-characterized  crystals  are 
being  explored  to  better  understand  the  relationship  to 
superconducting  properties. 


M7.142 

CRYSTAL  STRLCTIRES  A\D  SOLID  SOLUTION  BETWEEN  Tl-Sr-Ca-Cu-0 
AND  Tl-Ba-Ca-Cu-0  SUPERCONDUCTORS,  AuSueta,  T. Suzuki, 
S.Takeuchi,  T.Kamo,  S.Natsuda, Hitachi  Research  Laboratory, 
Hitachi  Ltd.,  Hitachi-shi,  Ibaraki  319-12,  Japan 

ke  report  the  superconductivity  and  crystal  structures  in  Tl- 
(Ba.Sr)-Ca-Cu-O(TBSCC)  system.  The  samples  were  prepared  by 
a  conventional  povder-mixed  method.  The  atomic  ratio  of  Til 
(Ba*Sr) :Ca:Cu  was  2:2: 2:3.  corresponding  to  Tl,Ba,Ca,Cu,Ox 
phase,  and  the  Ba/Sr  ratio  was  varied  at  1/4,  2/3,  1/1,  3/2 
and  4/1.  Electrical  resistance  was  measured  by  the  standard 
four-probe  method  and  susceptibility  change  by  the  standard 
AC  method.  In  the  case  of  TBSCC  systea,  the  single  phase 
aas  obtained  more  easily  compared  with  the  Tl-Sr-Ca-Cu-O(TSCC) 
and  Tl-Be-Ca-Cu-O(TBCC)  systems.  As  a  result  we  achieved 
the  high  superconducting  volume  fraction,  95JS  above  100K. 

The  Tc  decreased  gradually  from  both  TBCC  and  TSCC  sides  as 
a  function  of  the  Ba/Sr  ratio.  The  Tc  value  changed 
discontinuously  at  Ba/Sr=1.0,  which  was  caused  by  the 
crystallographic  transformation.  By  the  X-ray  diffraction 
and  TEN  analysis,  the  crystal  structure  was  determined  to  be 
the  2223  phase  consisting  of  three  CuOj  planes  sandwiched  hy 
Tl-0  bilayers  in  the  Ba  rich  side,  and  the  1223  phase 
consisting  of  three  CuO,  planes  sandwiched  by  Tl-0  monolayer 
in  the  Sr  rich  side.  The  crystallographic  transformation  is 
responsible  for  the  discontinuity  of  the  Tc. 


H7.143 

ORIENTATION  PROCESS  OF  Bi-TYPE  OXIDE  SDPER- 
CONDDCTOR  AND  ITS  HIGH-FIELD  TRANSPORT  PROPERTIES 

N. Enoaoto,  H.Kikuchi,  K.Imai,  H.Takami  and  N.Ono 
Yokohama  R&D  Labs.  Furukawa  Electric  Co . , Ltd . , 2-4- 
3  Okano  Nishiku,  Yokohama  220  Japan. 

We  have  been  studing  both  improvement  of 
alignment  of  crystal  grain  and  reduction  of  weak- 
link  in  grain  boundary  in  order  to  increase  super- 
coductivity  of  bulk.  In  this  case  it  is  effective 
to  improve  oriented  cristal  grain. 

In  case  of  Bi-type  oxide,  heat  treatment 
including  liquid  phase  was  quite  effective  to 
obtain  both  low-Tc  and  high-Tc  phase  as  single 
phase,  without  Pb-doping.  By  a  modified  powder  in 
tube  process  using  Ag,  Bi-type  calcined  powder  was 
processed  into  tape  wire  with  0. 1-0.5  am  thick. 
The  detailes  of  the  reaction  envolved  here  were 
made  clear  by  using  TG/DTA,  EPMA,  XPS,  XRD,  etc. 
By  XRD  and  SEM  revealed  were  c-axis  oriented 
texture  perpendicular  to  wire  axis  and  aligned 
grain  structure,  which  was  suppose  to  be  formed 
through  reactive  sintering  including  liquid  phase. 
Jc  values  were  measured  at  77  and  4.2  K  upto  31  T. 
5X10'*'  A/cm1  was  obtained  over  20  T  at  4.2  K,  in 
which  working  mechanism  for  pinning  will  be 
presented. 

This  work  was  conducted  as  collaboration  with 
Tokyo  Electric  Power  Co. Ltd 

M7.144 

EFFECT  OF  OXYGEN  PARTIAL  PRESSURE  ON  STABILITY  OF  HIGH-TC 
PHASE  IN  SINTERED  Bi-Pb-Sr-Ca-Cu-0  SUPERCONDUCTORS.  H.K. 
LEE,  K.W.  Lee,  D.H.  Ha,  and  J.C.  Park,  Korea  Standards 
Research  Institute,  P.0.  Box  3,  Taedok  Science  Town, 
Taejon,  305-340,  Korea 

The  effect  of  oxygen  partial  pressure  on  stability  of 
high-Tc  phase  in  Bi-Pb-Sr-Ca-Cu-0  system  has  been 
investigated  using  x-ray  diffraction,  resistivity  and 
a.c.  susceptibility  measurements.  It  was  found  that  part 
of  the  high-Tc  phase  (>  100  K)  in  BI-Pb-Sr-Ca-Cu-0  system 
was  transformed  into  low-Tc  phase  (-80  K)  and  insulating 
phase  by  heating  in  the  temperature  range  820  °C  to  880  °C 
in  02  of  one  atmosphere.  This  transformation  resulted  in 
sensitive  dependence  of  zero  resistance  temperature  in 
low  magnetic  field  as  well  as  the  decrease  of  zero 
resistance  temperature  of  the  superconductor.  The  a.c. 
susceptibility  measurements  indicated  that  the  transfor¬ 
mation  occured  mainly  in  the  coupled  phase  between  high- 
Tc  grain  phases.  It  is  shown  that  the  original  high-Tc 
phase  can  be  restored  upon  retreatment  at  840  °C  in  low 
oxygen  partial  pressure  of  0.1  atmosphere.  The  reversible 
superconducting  phase  transformation  is  discussed  in 
conjunction  with  the  formation  mechanism  of  the  high-Tc 
phase  in  Bi-Pb-Sr-Ca-Cu-0  system. 

M7.145 

THE  SUPERCONDUCTIVITY  OF  B^  #6Pb0.4Sr2Ca2(C^_x 

Agx)^0y  AND  Bi*j  #5Pbo.4Sr2Ca2Cu30y  +  x  vt%  Ag. 

C.hongde  Wei  9  Chin  Lin»  Qlngrong  Feng*  Zunxiao 
Liu,  Jian  Lan,  Yunxi  Sun,  Ouozhong  Li#  Ke  Wuf 
lixin  Xue ,  Zizhao  Gan,  Department  of  Physics, 
Peking  University,  Beijing,  China. 

Both  int  itially  Ag-doped  Bi,  ,6Pt>0.4sr2Ca2Cu5- 
0y  +  x  v  Ag  with  x=0.5,  1.0,  5.0,  10.0,  15. o, 
and  substitutlonally  doped  Bi, .6Pb0i4Sr2Ca2- 
(Cu,_xAg3t)30y  with  x=C.025,  0.05,  0.10,  0.20, 

O. 40,  systems  were  studied.  For  interstitially 
Ag'-doping  allsamples  have  the  structure  of  2223 
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phase 9  for  substitutionally  doping  the  samples 
with  x=0.025»  0.05 (  and  0.10  have  the  structure 
of  2223  phase,  while  the  samples  with  x=0.2  and 
0.4  are  mixture  of  2223  phase  and  2212  phase. 
Semi-quantitative  analysis  shows  that  silver 
atoms  distribute  both  in  the  grain  boundaries 
and  in  the  grains,  the  distribution  is  imhomo- 
geneous . 

Magnetic  susceptibility  measurements  indicate 
that  both  the  interstitial  and  substitutional 
Ag-doping  yield  much  higher  diamagnetic  signal 
for  ZFC  in  a  field  of  60  Oe  at  5K.  At  801c, 

was  also  enhanced  by  Ag-doping  for  H4200 
Oe.  Magnetic  critical  current  Jc  was  calculated 
from  magnetization  curves  at  1.5K.  substitu¬ 
tional  Ag-doping  increases  Jo  for  xs0.2. 

Possible  explanation  was  discussed. 

M7.146 

SYNTHESIS  OF  VARIOUS  Bi-SYSTEMS  FROM  NITRATES  BY  USING 
A  SPRAY-DRYING  PROCESS.  Jens  Hvldtoft.  Svend  Dahl- 
Petersen,  Torsten  Freltoft,  Liselotte  Lorenzen,  and  Per 
Vase,  NKT  A/S,  SogneveJ  13,  DK-2605,  Broendby ,  Denmark. 

Solutions  of  the  Bi.  (Pb).  Sr.  Ca,  and  Cu  nitrates 
were  mixed,  spray-dried,  decomposed,  and  finally  sintered 
in  various  atmospheres. 

The  two  compositions  (2212)  and  (2223)  were  produced 
with  a  202  Pb  substitution  for  Bi  in  the  (2223)  com¬ 
pound  . 

The  materials  were  characterized  by  X-ray  diffraction, 

AC  susceptibility  and  transmission  electron  microscopy, 
including  EDX  analyses. 

The  spray-drying  process  has  several  advantages  compared 
to  traditional  wet  or  dry  milling  processes. 

Most  importantly,  the  initial  material  composition  can 
be  controlled  very  accurately  which  is  of  specific 
importance  for  obtaining  pure  phases. 

Secondly,  a  nearly  perfect  mixing  is  achieved  in  the 
solution  making  lower  temperatures  and  shorter  sintering 
times  possible. 

Finally,  the  process  is  much  cleaner  since  contamina¬ 
tion  from  carbonate  sources  can  be  totally  avoided. 

This  has  great  importance  for  obtaining  high  Jc  values. 

M7. 147 

The  Effects  of  Transition  Metal  Substitutions  for  Copper  In 
the  Bl-Sr-Ca-Cu-0  Superconducting  System.  J.C.  Bennett. 
F.U.  Boswell,  J.M.  Corbett,  S.  Kohara,  University  of 
Waterloo.  Waterloo,  Ontario;  and  F.S.  Razavl,  Brock 
University,  St.  Catherines.  Ontario,  Canada. 

The  effects  of  transition  metal  dopants  on  super¬ 
conductivity  In  samples  of  nominal  composition 

BI  CaSr  (Cu  M  )  0  ,  with  M  «  Co,  Fe,  N1  and  Zn  have 

2  2  l — X  x  2  s.o 

been  Investigated  for  0  *  X  *  1.  Co  and  Fe  additions  were 
found  to  progressively  suppress  the  Tc  of  the  doped 
material  and  result  In  semiconducting  behaviour  for 
x  *  0.2.  Magnetic  susceptibility  measurements  confirm  the 
depression  In  Tc  and  also  Indicate  the  proportion  of 
superconducting  material  of  4.2  K  decreases  rapidly  with 
dopant  concentration,  probably  due  to  lnhomogenelty 
effects.  The  measured  Meissner  effect  for  x  s  0.05  Is  about 
35V.  suggesting  these  compounds  are  bulk  superconductors. 
For  x  a  .10,  the  Meissner  fraction  Is  much  smaller  Indic¬ 
ating  the  material  Is  less  homogeneous,  consisting  of 
semiconducting  and  superconducting  regions.  In  the  ranges 
of  dopant  concentration  0  s  x  s  0.07  and  near  x  ■  1.0, 
x-ray  powder  diffraction  reveals  the  doped  samples  remain 


essentially  single  phase  2122  but  are  multiphase  for  all 
other  dopant  concentrations.  Energy  dispersive  x-ray 
analysis  In  the  TEM  indicates  Co  and  Fe  substitute  for  Cu 
In  near  the  nominal  concentrations.  For  the  N1  and  2n 
doped  compounds,  resistance  measurements  show  only  a  slight 
depression  In  Tc  for  nominal  dopant  concentrations 
0  s  x  s  0.5.  However,  EDX  analyses  reveal  N1  and  2n  are 
only  incorporated  Into  the  superconducting  phase  at  about 
10X  or  less  of  the  nominal  concentration  for  the  prepar¬ 
ation  conditions  used.  Further  mlcrostructural  character¬ 
ization  of  the  doped  compounds  by  TEM  will  also  be 
discussed. 

M7.148 

THE  EFFECTS  OF  SEEDING  ON  THE  FORMATION  OF  HIGH-Tc 
Bi-Pb-Sr-Ca-Cu-0  COMPOUNDS,  Cheol  J.  Kim  and  Mark  R.  De 
Guire,  Case  Western  Reserve  University,  Cleveland,  OH;  and  Narottam 
P.  Bansal,  NASA  Lewis  Research  Center,  Cleveland,  OH. 

The  difficulty  of  obtaining  Bi-Sr-Ca-Cu-0  superconductors  with  large 
fractions  of  the  “2223"  phase  (i.e„  the  phase  with  Tc  s  110K,  a 
characteristic  lattice  spacing  of  3.7  nm,  and  a  reported  stoichiometry  of 
Bi2Sr2Ca2Cu30io+y)  is  well  recognized.  Very  long  annealing  times 
within  a  narrow  temperature  range,  careful  composition  and/or 
atmosphere  control,  and  Pb  doping  have  variously  been  reported  as 
being  necessary  to  obtain  single-phase  2223  materials.  This  study  was 
undertaken  to  determine  whether  the  formation  of  this  phase  could  be 
accelerated  through  heterogeneous  nucleation  by  previously  synthesized 
2223  crystals.  Nearly  single-phase  powder  of  Pb-doped  2223  with  Tc  of 
109  K  has  been  added  to  two  types  of  materials  with  the  2223 
composition;  rapidly  quenched  glass,  and  sintered  multiphase  crystalline 
powder.  These  materials  were  then  annealed  at  various  temperatures  and 
times.  The  resulting  microstructures  were  characterized  using  XRD, 
SEM,  EDS,  and  TEM.  In  particular,  the  boundary  region  between  the 
seed  crystals  and  the  matrix  was  studied  to  identify  the  products  and 
understand  the  mechanisms  of  the  interfacia]  reactions.  These  findings 
could  be  useful  for  single  crystal  growth  or  for  enhancing  the  production 
of  2223  materials. 

Work  supported  by  NASA  Lewis  Research  Center. 

M7.I49 

OPTIMIZING  THE  MACHINING  PROPERTIES  OE  HIGH 
Tc  BSCCO.  R  I  Ruvne.  L.  E.  Toth.  11.  A  Bernier, 

K.  J.  Soulen  Jr..  NjvjI  Research  Laboratory,  Washington  D  C. 


BSCCO  has  excellent  inachinabtlity  characteristics  and  can  be 
cut  and  shaped  widt  conventional  metal  working  machines  and 
sicel  tools.  Also,  the  machinability  of  BSCCO  is  comparable 
and  perhaps  better  than  the  widely  used  Macor,  a  glass- 
ceramic  produced  by  Corning,  Inc.  Because  BSCCO  is  tins 
machinable  it  may  have  applications  other  than  in 
superconducting  devices.  The  best  method  to  prepare  BSCCO 
for  machining  is  to  cast  it  and  then  heat  treat  it.  This  results  in 
a  dense  material  with  a  random  network  of  platelets.  It  is  dus 
random  network  of  platelets  that  accounts  lor  the 
machinability  .  BSCCO  prepajed  by  sintering  also  yields  a 
machinable  material,  bul  due  lo  its  lower  density  it  is  weaker 
than  BSCCO  prepared  by  casting  followed  by  a  Ileal  treatment 
Superconducting  parts  machined  at  NRL  and  being  tested  at 
other  labs  include  a  SQUID  shield  widi  a  1.27  cm  Ixire  and  a 
closed  end.  and  a  microwave  cavity;  tolerances  are  held  to 
±0.002  cm. 

M7. 150 

THE  EFFECT  OF  THE  DISTRIBUTION  OF  DOPANTS  IN  HIGH  T  Bl- 
C0MP0UND  SUPERCONDUCTORS.  Alexis  S.  Nash.  Marquette 
University,  Milwaukee,  HI,  Kenneth  C.  Goretta,  Argonne 
National  laboratory,  Argonne,  11,  Philip  Nash,  Illinois 
Institute  of  Technology,  Chicago,  1L,  Roger  B.  Poeppel  and 
Donglu  Shi,  Argonne  National  Laboratory,  Argonne,  II. 

A  series  of  4336  Bi-Sr-Ca-Cu  oxide  samples  doped  with  either 
1  to  10%  metallic  silver  or  1  to  10%  SnO,  were  prepared 
using  a  solid  state  reaction  method.  The  distribution  of 
cationic  dopants,  the  microstructure  and  the  crystal 
structure  of  the  samples  was  studied  using  energy  dispersive 


456 


spectowetry,  scanning  electron  and  optical  microscopy  and  x- 
ray  difractonetry . 

The  dependence  of  microstructure  and  T.  on  the  type  and  the 
distribution  of  dopant  and  on  firing  schedules  have  been 
determined.  The  grain  morphology  was  found  to  depend  upon 
the  type  of  dopant,  varying  from  plates  to  irregular  chunks. 
Addition  of  silver  leads  to  a  marked  increase  in  preferred 
orientation  with  {001}  planes  perpendicular  to  the  pressing 
direction  in  sintered  pellets.  This  was  confirmed  by 
scanning  electron  microscopy. 

The  restivity-temperature  data  show  an  enhanced  T.  in  Ag- 
doped  samples  under  certain  conditions.  Energy  dispersive 
spectometry  indicates  that  the  dopants  mostly  segregate  to 
the  grain  boundaries. 

M7.X51 

HIGH  KBSOLDTIW  IHUTKQ*  FOVDHS  DIFFRACT IO*  STUDY  OP  THE 
TOOTHS  PHASE  BU£r«Cu»0, .  K.T.CaldAs,  J.H.Iavarro, 

A.  Fuertes.  X.Obradors,  C. Mlravltlles,  Instltut  de  ClAncia 
de  Materials  de  Barcelona (C.S. I. C. ),  C/Marti  1  FranquAs 
s/n,  08028  Barcelona,  Spain;  J.Rodriguez-CarvaJal, 
Instltut  Max  von  Laue-Paul  Langevln,  158  X,  38042  Grenoble 
CEDEX,  France;  M.Yallet,  J.GonzAlez-Calbet,  Laboratorio  de 
Magnetlsao  Apllcado (KEEFE- UCM) ,  28290  Las  Matas,  Madrid, 
Spain. 

Bl«SraCusOi*-><  Is  a  non-superconductlng  oxide  closely 
related  to  the  superconducting  BlzSrzCuCk.  The  crystal 
structures  of  both  phases  are  based  on  the  stacking  of 
multiple  perovsklte  and  Bl-0  layers,  but  in  Bi»SreCusOi»»* 
the  presence  of  extra  perovsklte  layers  arranged 
perpendicularly  to  the  CuOz  planes  breaks  the  two- 
dimensional  character  of  the  structure,  common  to  all  high 
Tc  superconducting  copper  oxlde6.  Kecently  we  have 
reported  the  crystal  structure  determination  of  this 
compound  by  single  crystal  X-ray  diffraction,  and  the 
study  of  the  structural  and  physical  properties  by  means 
of  electron  microscopy,  electrical  resitlvlty  and  magnetic 
susceptibility' -2.  Here  we  present  the  Investigation  of 
the  exact  location  of  the  oxygen  atoms  in  the  structure  by 
means  of  neutron  diffraction  experiments,  and  the 
comparison  of  these  results  with  the  superconducting 
phases  In  the  Bl-Sr-Ca-Cu-0  system.  The  high  temperature 
behavior  of  this  material  by  time-resolved  neutron  powder 
diffraction  measurements  will  be  also  presented. 

References:  1.  A. Fuertes  et  al..  Physics  C  157(1969),  525. 

2.  M.T.CaldAs  et  al.,  Physlca  C,  In  the  press. 

M7 . 152 

PREPARATION  OF  HIGH-PURITY  Tl2CanBa2Cun+1C>6  +  2n  i 
n= 1 , 2 )  POWDERS  FROM  STOICHIOMETRIC  REACTANT  MIX¬ 
TURES.  Nae-Lih  Wu,  NTU,  Taiwan;  Y.  D.  Yao,  Aca¬ 
demia  Sinica,  Taiwan;  and  E.  Ruckenstein,  SUNY  at 
Buffalo,  U.S.A. 

Novel  solid  state  reaction  methods  have  been  de¬ 
veloped  for  preparing  high-purity  Tl2CaBa2Cu20s 
(the  2122)  and  Tl2Ca2Ba2Cu30io  (the  2223)  powders 
from  stoichiometric  reactant  mixtures.  Single¬ 
phase  2122  powders  with  superconducting  tempera¬ 
tures  (both  zero-resistivity  and  diamagnetic  onset 
temperatures)  above  110  K  are  prepared  at  830  C  by 
the  following  reaction:  CaBa2Cu04  +  TI2O3  +  CuO  -* 
Tl2CaBa2Cu208 •  On  the  other  hand,  single-phase 
2223  powders  with  superconducting  temperatures 
above  115  K  are  produced  via  the  intercalation  of 
CaO  and  CuO  into  the  existing  2122  grains  at  870 
C.  Powder  melting  and  T1  loss  via  vaporization, 
both  of  which  are  strongly  associated  with  the 
conventional  methods,  are  greatly  suppressed  in 
the  new  methods.  For  either  the  2122  or  2223  com¬ 
pound,  powders  thus  prepared  typically  show  a  com¬ 
plete  Meissner  effect  of  20%  of  (-(*  it)  at  a  field 
of  20  G. 


M7 . 1 53 

SOLi-  STATE  FORMATION  OF  SUPERCONDUCTING  PHASES  IN 
THE  Tl-Ca-Ba-Cu-0  SYSTEM  T.W.  Huang,  M.P.  Hung, 

Dept.  Mat.  Eng.,  Cheng  Kung  Univ.,  Tainan,  Taiwan; 

T.S.  Chin.  Dept,  of  Mat.  Sci.  Eng.,  H.C.  Ku,  Dept, 
of  Phys.,  Tsing  Hua  Univ.,  Hsinchu,  30043,  Taiwan; 

P.C.  Yao,  S.E.  Hsu,  Mat.  R  &  D  Center,  Chung  Shan 
Inst. of  Sci.  &  Tech.  Lung-Tang,  32526,  Taiwan,  ROC 

Solid  state  formation  of  superconducting  phases  in 
the  Tl-Ca-Ba-Cu-0  system  was  studied  with  a  closed 
oxygen  flowing  system  both  in  synthesis  and  DTA/TG 
analyses.  The  phase  analyses  were  done  with  XRD. 

It  was  found  that  the  high  Tc  2223  and  low  Tc  2122 
phases  were  formed  at  aroung  900  and  840  C,  res¬ 
pectively,  at  a  heating  rate  of  10  C/min.  The  ac¬ 
tivation  energy  of  the  formation  reaction  was  cal¬ 
culated  with  the  Kissinger's  peak  shift  method.  It 
was  50  and  35  kcal/mole  for  the  2223  and  2122,  re¬ 
spectively.  Since  the  activation  energy  is  low  ip 
compared  to  that  of  superconducting  Y-Ba-Cu-0  , 
short  period  of  reaction  time  (within  30  minutes) 
is  needed  to  form  the  superconducting  Tl-Ca-Ba- 
Cu-0  phases. 

Different  precursors  were  used  to  prepare  the  Tl- 
Ca-Ba-Cu-0  superconducting  phase.  It  was  found 
that  Ca^BaCujOy  is  the  best  one. 

M7.154 

Phase  Equilibria  in  the  System  Tl-Ca-Ba-Cu-O.  Lawrence 
P.  Cook,  Chwan  K.  Chiang,  Winnie  Uong-Ng,  and  Lawrence  H. 
Bennett,  National  Institute  of  Standards  and  Technology, 
Gaithersburg,  HD  20899. 

Phase  equilibria  related  to  the  stability  of  the  high  Te 
phases  in  the  system  Tl-Ca-Ba-Cu-0  are  being  investigated 
by  high  temperature  synthesis  in  an  apparatus  constructed 
primarily  of  MgO.  The  apparatus  employs  a  buffering 
technique  In  which  PT,  „  is  held  constant  by  vaporization 

equilibria  in  a  separate  reservoir  and  P0  is  held  at  1 

atm.  In  principle,  equilibrium  can  be  bracketed  with 
reversibility  experiments  in  which  the  results  of 
thallium  loss  and  thallium  gain  are  compared.  In  situ 
resistivity  measurements  are  being  used  to  monitor  phase 
changes  as  thallium  mass  transport  occurs.  Phase 
assemblages  are  being  characterized  by  x-ray  powder 
diffraction,  SEM/EDX  analysis,  and  a.c.  magnetic 
susceptibility  measurements. 

M7.155 

T1 -BASED  HIGH  TEMPERATURE  SUPERCONDUCTORS:  PREPARATIONS  AND 
PROPERTIES.  M.  Greenblatt.  S.  Li,  L.  McMills,  M.  H.  Pan 
and  K.  V.  Raaanujachary ,  Chemistry  Department,  Rutgers 
University,  New  Brunswick,  NJ  08893. 

Novel  synthetic  routes  have  been  worked  out  for  single 
phase  T1 -based  2201,  2212,  2223,  B1  and  Pb  stabilized  1212 
compounds  and  their  substitutional  analogs  both  as  bulk 
polycrystalline  materials  and  thin  film  samples.  Sharp 
resistive  transitions,  high  zero  reslstence  temperature  and 
high  superconducting  bulk  fractions  are  observed.  Results 
of  substitutional  studies  to  enhance  the  superconducting 
properties  will  be  presented. 

M7.156 

HYPER-  AND  HYPOBARIC  PROCESSING  OF  Tl-Ba-Ca- 
Cu-0  SUPERCONDUCTORS.  K.  C.  Goretta.  J.  L.  Routbort, 
Donglu  Shi,  M.  C.  Hash,  and  Ira  Bloom,  Argonne  National 
Laboratory,  Argonne,  IL. 
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Phase-pure  Tl-based  superconductors  have  not  been 
synthesized  at  atmospheric  pressure.  For  example, 
compositions  rich  in  Ca  and  Cu  have  generally  been  used  to 
form  the  120-K  phase  fl2Ba2Ca2Cu30x.  In  this  work, 
precursor  powders  of  Ba2Cu30s,  Ca2CuC>3,  and  “BagCuOs" 
were  synthesized  by  solid-state  reaction  and  then  mixed  with 
TI2O3  and  CuO  in  a  cation  stoichiometry  of  Tl:Ba:Ca:Cu  equal 
to  2:2:2:3.  The  powders  were  cold-pressed  into  pellets  and 
sintered  in  oxygen  atmospheres  of  104  to  2  x  10®  Pa  at 
temperatures  of  830  to  930aC.  The  resulting  specimens  were 
characterized  by  x-ray  diffraction,  scanning  electron 
microscopy,  and  density  measurement,  and  analyzed  for  the 
superconducting  properties  of  Meissner  fraction,  transition 
temperature,  and  critical  current  density  at  77  K. 

Work  supported  by  the  U.  S.  Department  of  Energy,  Office  of 
Basic  Energy  Sciences  -  Materials  Science,  and  the  Office  of 
Energy  Storage  and  Distribution,  Conservation  and  Renewable 
Energy,  under  Contract  W-31-109-Eng-38. 

M7.157 

VARIATION  OF  Tc  IN  Tl-RICH  Tl-Ca-Ba-Cu-O  SINGLE  CRYSTALS. 

F.  1.  Venturini.  R.  J.  Baughman,  B.  Morosin,  D.  S.  Ginley,  J.  F.  Kwak, 
J.  E.  Schirber,  and  C.  P.  Tigges,  Sandia  National  Laboratories, 
Albuquerque,  NM  87185. 

Meissner  effect  data  are  compared  for  single  crystals  with  different 
structure  types  and  stoichiometry  in  the  Tl-Ca-Ba-Cu-O  system  of  high- 
temperature  superconductors.  There  is  a  wide  range  of  onset 
temperatures  (Te)  and  a  multiple  step  temperature  dependence  of  the 
Meissner  signal  for  Tl-rich  crystals  with  the  same  structure  type  such  as 
TljCaBajCujO,  (Tl-2122).  Energy  dispersive  X-ray  analysis  (EDS)  was 
used  to  establish  the  stoichiometry  of  both  surfaces  for  each  crystal  plate, 
and  X-ray  precession  photography  determined  the  structure  type.  The 
relative  Ba  and  Cu  concentrations  are  constant  within  experimental  error 
in  crystals  with  a  common  structure  type,  as  is  the  sum  of  the  Tl  and  Ca. 
However,  the  Tl/Ca  ratio  shows  considerable  variation:  substitution  of  Tl 
on  the  Ca  sites  is  suggested  by  a  Tl-rich  EDS  composition  and  is 
demonstrated  by  detailed  structure  determinations  for  several  specimens 
using  single  crystal  X-ray  diffraction  data. 

The  replacement  of  Ca*1  with  Tl**  is  assumed  to  alter  the  carrier 
concentration  since  the  oxygen  content  of  the  as-grown  crystals  is  similar. 
This  site  substitution  is  reflected  in  the  Meissner  data.  For  example, 
crystals  with  the  Tl-2122  structure  type  have  been  grown  where  25-30% 
of  the  Ca  is  replaced  by  Tl.  At  least  80%  of  the  volume  in  such  crystals 
remains  nonsuperconducting  above  75  K.,  while  the  remainder  has  an 
onset  of  superconductivity  near  95  K.  In  contrast,  Tl-2122  crystals  with 
much  lower  Tl  subsitution  show  single  Meissner  transitions  with  onsets 
between  105  and  110  K.  Our  current  explanation  is  that  there  are 
gradients  in  the  Tl  substitution  on  the  Ca  site  in  Tl-rich  crystals,  leading 
to  complex  temperature  dependence  for  the  Meissner  signal.  Less 
substitution  of  Tl  on  Ca  sites  in  bulk  ceramics  may  explain  the 
appreciably  higher  Tc’s  compared  to  single  crystals  with  the  same 
structure  type. 

This  work  was  performed  at  Sandia  National  Laboratories,  supported  by 
the  U.  S.  Department  of  Energy,  Office  of  Basic  Energy  Sciences,  under 
Contract  No.  DE-AC04-76DP00789. 

M7.158 

PREPARATION  OF  BA,YCU,0,,  THIN  FILM 
SUPERCONDUCTORS  USING  SOLUBLE  ARYLOXIDE 
PRECURSORS,  Marv  Rose  Scozzafava.  Michael  J.  Ciona,  Wendell 
E.  Rhine,  Ceramics  Processing  Research  Laboratory,  Massachusetts 
Institute  of  Technology,  Cambridge,  Massachusetts 

Use  of  metal  alkoxide  precursor  solutions  for  the  preparation  of 
high  T,  superconducting  materials  is  attractive  because  of  the 
potential  low  carbon  content  in  the  prefired  films.  However,  the 
insolubility  of  copper  alkoxides  have  made  application  of  this 
method  difficult  We  have  improved  the  solubility  of  copper 
alkoxide  and  atyloxide  complexes  by  using  nitrogen-containing 
compounds  as  ligands.  Solutions  of  copper,  barium,  and  yttrium 
ary lox ides  (with  copper  concentrations  of  0.7  mol/L)  have  been 


used  as  precursors  to  Ba,YCu,Ou  superconductors.  Preparation 
and  characterization  of  spin-coated  and  dip-coated  superconducting 
films  which  are  derived  from  such  precursor  solutions  are 
described. 

M7.159 

METAL-ORGANIC  DECOMPOSITION  AND 
MICROSTRUCTURE  DEVELOPMENT  IN  BaJYCu,Ov,  FILMS 
FROM  METAL  TRIFLUOROACETATE  PRECURSORS.  Paul 
C.  McIntyre.  Raymond  C.  Chiu,  Michael  J.  Cima,  Wendell  E. 
Rhine,  Ceramics  Processing  Research  Laboratory,  Massachusetts 
Institute  of  Technology,  Cambridge,  MA. 

Decompostion  of  metal-organic  precursors  to  Ba,YCu,0,.«  films 
is  difficult  because  of  the  high  reaction  temperature  required  to 
decompose  BaCO,  which  forms  as  an  intermediate  compound 
during  conversion.  The  recently  proposed  use  of  metal 
trifluoroacetate  (TFA)  solutions  offers  an  alternative  path  to 
barium-containing  superconducting  films.  The  TFA  salts 
decompose  to  the  metal  fluorides  forming  BaF„  eliminating 
BaCO,  from  the  system.  Ultimate  conversion  to  BYC,  however, 
is  shown  not  only  to  depend  on  hydrolysis  of  the  BaF,  at  high 
temperatures,  but  also  hydrolysis  of  copper  trifluoracetate  at  low 
temperatures  to  prevent  the  volatilization  of  Cu(TFA)j.  These 
processes  result  in  unique  microstructural  behavior  which  can  be 
characterized  by  electon  microscopy  and  Auger  spectroscopy. 
Effects  due  to  substrate  interactions  have  been  eliminated  by  use 
of  a  chemically  inert  substrate  material,  BaZrOv 

M7.160 

PREPARATION  OF  Y-Ba-Cu-0  FILMS  BY  A  MODIFIED  CHEM¬ 
ICAL  VAPOR  DEPOSITION  METHOD  TLS.  Chin,  L.H.  Perng 
C.H.  Lin,  Dept.  Mat.  Sci.  Eng.,  Tsing  Hua  Univer. 

Hsinchu,  Taiwan;  T.W.  Huang,  C.H.  Hsu,  M.P.  Hung, 

Dept.  Mat.  Eng.  Cheng  Rung  Univ.,  Z.N.  Hung,  Dept. 

Chem.  Eng.  Cheng  Rung  Univ.,  Tainan,  Taiwan,  ROC 

A  modified  chemical  vapor  deposition  method  was 
developed  to  prepare  superconducting  Y-Ba-Cu-0 
thin  films.  In  this  method,  aqueous  solution  con¬ 
taining  0.03N  nitrates  of  Y,  Ba,  Cu  in  a  ratio  of 
1:2:3  (the  123  solution)  or  1:3:2  (the  132  solu¬ 
tion)  diluted  with  equal  part  of  ethanol  was  ato¬ 
mized  into  droplet  of  few  microns  and  then  carri¬ 
ed  into  a  high  temperature  reaction  chamber  where 
pyrolysis  occured  and  deposition  onto  substrates 
was  possible  at  suitable  reaction  temperatures. 

YSZ  single  crystal  and  961  alumina  substrate  were 
used.  The  optimium  reaction  temperature  is  350 
for  YSZ  substrate,  320  -  370  °C  for  alumina  subs¬ 
trate.  The  132  solution  yielded  better  film  stoi¬ 
chiometry  than  the  123  solution.  Heat  treatment 
was  found  to  be  necessary.  An  annealing  at  900  C 
for  3  minutes  was  found  enough  to  result  in  good 
quality  superconducting  123  phase.  Measured  Tc  was 
70  °R  onset,  50  °R  for  zero  resistance  from  films 
grown  on  YSZ  substrate.  Detailed  SfM  microstruc¬ 
ture,  and  the  effect  of  processing  parameters  on 
film  properties  are  discussed. 

M7.161 

EFFECT  OF  GLOW  DISCHARGE  CURRENT  ON  COMPOSITION  OF  Y-Ba- 
Cu-0  FILMS  BY  HIGH  PRESSURE  DC  SPUTTERING  PROCESS. 

R.U.  Lin  and  P.T.  Wu,  Materials  Research  Laboratories, 
Industrial  Technology  Research  Institute,  Chutung, 

Hsinchu,  Taiwan,  R.O.C. 

The  Y-Ba-Cu-0  films  were  grown  on  ( 00 )MgO  substrates  by 
high  pressure  DC  planar  diode  sputtering  process.  The 
targets  were  Y-Ba-Cu-0  compounds  made  by  solid  state 
reaction.  The  sputtering  gases  were  Ar-50*0?,  and  total 
pressure  was  1.5  torr.  For  Y.Ba?Cu,0  target,  the  atomic 
ratio  Ba/Y  in  the  films  almost  remain?  constant(Ba/Y  *  1.7), 
and  Cu  content  monotonical ly  increases  with  increasing 
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discharge  current(0.4-0.8A) .  The  Cu  content  in  the  film 
approaches  to  that  of  target  at  low  discharge  current. 
Additionally,  the  Cu  content  in  the  films  monotonically 
decreases  with  reducing  the  Cu  content  of  target(Ba/Y  =  2). 
The  possible  reason  for  getting  Cu-rich  films  wil  be 
discussed. 

H7.162 

PREPARATION  AND  PROPERTIES  OF  HIGH  Tc  YBCO  POLY-CRYSTAL  THIN  FILMS  BY 
IN-SITU  METHOD.  N.Hartda,  K.Satou,  R.Yanaoto,  YOKOHAMA  RAO  LABOLATORiES, 
FURUKAIA  ELECTRIC  Co.Ltd..  2-4-3,  Okano,  Nishi-ku.  Yokoha.a,  220  Japan 

In  order  to  fabricate  the  high  Tc  superconductor  f i las  onto  aetal 
substrates,  (a)  in-situ  process  lithout  post  annealing  is  indispensable 
for  suppress  the  diffusion  of  aetallic  eleients  froa  substrates  to 
filss.  (b)  Vhile  the  files  on  the  aetal  substrate  is  likely  to  be 
poly-crystalline,  high  Jc  poly-crystal  filn  should  be  a  first  ailestone 
in  course  of  the  development  of  flexible  conductors  and  so  on. 

Me  prepared  high  Tc  YBCO  fills  by  oo-evapolating  lethod  for  in-situ 
process.  NgO  single  crystal  ns  used  for  the  substrates  and  it  ns 
kept  at  650-750  TC  in  the  ozone  pressure  of  10's-10"’Torr  during  the 
fill  eroeth.  After  the  evaporation,  the  substrate  heater  ns  turned  off 
at  about  2Torr  ozone  pressure  in  order  to  proiote  the  oxidation  of  the 
fill.  Tests  aere  done  cowaratively  by  using  other  oxygenating  gases. 

TEM  and  RHEED  studies  shoved  that  the  fills  vere  poly-crystalline  and 
the  direction  of  the  a.b  axes  vere  not  according  to  that  of  NgO 
substrate.  Conventional  X  transport  aeasureients  shoved  that  the 
zero-resistance  Tc  ns  85K  and  the  critical  current  density  Jc  ns  up  to 
7xlO’A/cv!  at  77K.  This  suggests  the  possibility  of  fabricating  the  high 
Jc  poly-crystal  fills  on  aetal  substrate.  Details  on  analyses  of  vi 1 1  be 
provided. 

This  study  ns  conducted  on  the  collaboration  basis  vith  Tokyo  Electric 
Pover  Co.Ltd. 

M7.163 

ELECTROPHORETIC  DEPOSITION  OF  HIGH-TEMPERATURE 
SUPERCONDUCTOR  THICK  FILMS.  J.B.  Mooney,  A.  Sher,  ML 
Riggs,  K.A.  Sabo,  A.  Rosengrcen,  B.  Kingsley,  and  J.C.  Terry,  SRI 
International,  333  Ravenswood  Ave.,  Menlo  Park,  CA  94025. 

Thick  films  of  high-temperature  superconductors  have  been  in  the  past 
prepared  by  spraying,  spinning,  settling,  spreading,  screen  printing,  and 
electrophoresis.  Most  of  these  processes  make  use  of  preprepared 
superconducting  powders;  consequently,  advances  in  superconductivity 
are  immediately  adaptable  to  the  process. 

SRI  has  used  electrophoretic  deposition  (as  developed  for  liquid-toned 
office  copiers)  to  form  films  that  are  denser  than  those  created  by  other 
means;  this  is  because  our  highly  charged  particles  are  driven  onto  the 
substrates  by  high  fields  (<  5  x  10s  V/cm).  The  substrates  can  be  silver 
or  nonmetalhc  (e.g.,  ZrOj)  with  a  thin  silver  layer  to  function  as  an 
electrode.  We  are  also  able  to  deposit  on  thin  dielectric  films  on  con¬ 
ductors,  either  by  applying  voltage  to  the  conducting  substrate  or  by 
charging  the  surface.  The  films  can  be  patterned  to  micrometer  dimen¬ 
sions  and  submicrometer  tolerances  through  electrostatic  latent  images, 
patterned  electrodes,  or  electron-beam  exposure  of  the  binder  that  func¬ 
tions  as  an  electron  resist  The  binder  that  provides  smear  protection  in 
office  copying  also  aids  in  charge  direction  and  lends  green  strength  to 
the  deposit  for  convenient  post-deposition  processing. 

Experiments  with  YBajCu^.,)  films  and  magnetic  orientation  studies  are 
discussed. 


H7.164 

THE  FABRICATION  OF  YBa2Cu307  THIN  FILMS  BT  PHYSICAL  VAPOR 
DEPOSITION.  De  Huai  Chen,  R.  L.  Sabatini,  and 

Wiesmann.  Materials  Science  Division,  Brookhaven  National 
Laboratory,  Upton,  WY  11973. 

A  aerial  of  thin  flint  of  YB-^Cu307  vara  fabricated  by  tha 
technique  of  Physical  Vapor  Deposition  (PVD).  PVD  is  sn 
attract ivs  deposition  technique  which  has  not  been 
described  in  tha  literature.  A  high  vacuum  stainless 
steal  chamber,  vith  three  individual  thermal  sources  was 
constructed.  Tungsten  metal  boats  ware  used  for  the 

evaporation  of  yttrium  and  barium  and  an  aluminum  oxide 
coated  basket  vas  used  for  tha  evaporation  of  copper.  A 
quarts  crystsl  rate  monitor  and  high  currant  silicon  con* 
trolled  rectifier  (SCR)  vas  associstsd  vith  each  source 
allowing  the  depoaitlona  to  be  automatically  controlled  in 
a  negative  feedback  loop  configuration.  The  barium  and 
copper  sources  exhibited  long  operating  lifetimes.  The 
lifetime  of  the  yttrium  source  vas  limited  by  the  oxygen 
partial  pressure  in  the  evaporation  chamber.  During  the 
depositions  oxygen  gas  was  admitted  into  the  chamber  at  a 
pressure  of  -5x10'^  Torr  and  evaporation  rates  of  s  few 
angstroms  per  second  were  typical.  Films  have  been  sue* 
cessfully  deposited  on  both  aluminum  oxide  and  yttrium 
stabilized  zirconia  substrates.  Tc  onsets  of  *80  K  and 
*90  K  have  been  achieved  on  these  substrates  respec* 
tively.  The  morphology  of  these  films  has  been  character¬ 
ized  by  SEM  photomicrographs  and  X*ray  diffraction.  Data 
is  also  presented  describing  the  quality  of  the  supercon¬ 
ducting  transition. 

This  work  vas  supported  by  the  U.S.  Department  of  Energy, 
Division  of  Materials  Sciences,  under  Contract  No.  DE- 
AC02-76CH00016. 

M7.165 

ORIENTED  MICROSTRUCTURE  OF  YBa2Cu307.x  THICK 
FILMS.  F.  Wcllhofcr,  T.C.  Shields,  J.S.  Abell.  K.N.R.  Taylor. 

School  of  Metallurgy  and  Materials,  University  of  Birmingham, 

U.K.  and  D.  Holland  ,  School  of  Physics,  University  of  Warwick, 

U.K. 

The  fabrication  of  screen  printed  superconducting  thick  films  of 
YBCO  on  zirconia  substrates  is  described.  Processing  close  to  the 
peritectic  transition  has  produced  highly  oriented  microstructures 
induced  by  partial  melting  and  subsequent  nucleation  and  growth. 

These  films  exhibit  enhanced  superconducting  propcroes  with 
critical  current  densities  in  excess  of  500  Acm'z  at  77  K.  The 
influence  of  sinter  temperature  and  time,  oxygen  partial  pressure 
and  cooling  rates  on  the  prevailing  micro  structure  has  been  studied 
The  role  of  the  intcrfacial  reaction  layer  in  determining  the 
solidification  behaviour  is  assessed. 


M7.166 

THE  SPUTTER  DEPOSITION  AND  CHARACTERISATION  OF 
EPITAXIAL  MAGNESIUM  OXIDE  THIN  FILMS  AND  THEIR  USE 
AS  A  SAPPHIRE/YBCO  BUFFER  LAYER.  G  W  Morris.  R  E 
Somekh,  Z  H  Barber  and  J  E  Evetts,  Interdisciplinary  Research  Centre 
in  Superconductivity,  West  Site.  Madingley  Road,  Cambridge,  England 
and  Department  of  Materials  Science  and  Metallurgy,  New  Museums  Site, 
Pembroke  Street,  Cambridge.  England. 

Sapphire  has  dielectric  properties  that  make  it  attractive  as  a  substrate  for 
superconducting  electronic  applications.  It  is  difficult,  however,  to  form 
high  quality  yttrium  barium  copper  oxide  (YBCO)  on  sapphire  because  of 
reaction  with  the  substrate  and  because  epitaxy  is  not  readily  achieved. 
We  have  deposited  thin  films  of  magnesium  oxide,  by  UHV  reactive  d.c. 
magnetron  sputtering,  on  M  (lOtO),  R  (10T2),  C  (0001),  and  A  (lllO) 
-plane  sapphire  substrates,  initial  results  on  the  development  of  a  suitable 
epitaxial  (  (110)  on  M -plane)  buffer  layer  being  repotted  at  [1).  The 
orientational  relationships  of  sapphire  and  magnesia  and  the  nature  and 
microstructure  of  their  interfaces  are  reported  as  a  function  of  substrate 
type  and  temperature,  of  deposition  rate  and  conditions  and  of  post 
deposition  treatment  The  results  of  Investigation  of  these  films  as  s  buffer 
between  sapphire  substrates  and  subsequently  deposited  thin  films  of 
YBCO  are  reported. 
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[1]  “Optimisation  of  thin  film  YBtjCUjO^  deposition  by  d.c.  sputtering 
onto  sapphire  substrates,"  E  J  Tomlinson  et  ai  IEEE  Trans.  Magn.  25 
(1989)  2530  -  2533. 

M7.167 

Y1Ba2Cu307_x  FILMS  FROM  NITRATE  SOLUTION  USING  RF 
PLASMA  DEPOSITION.  A.  Shah.  T.  Haugan,  S. 
Witanachchi,  S.  Patel  and  D.  T.  Shaw,  Institute  on 
Superconductivity,  State  University  of  New  York  at 
Buffalo,  Bonner  Hall,  Buffalo,  NY  14260 

A  nitrate  solution  of  Y(  Ba  and  Cu  was  atomized 
and  introduced  into  an  inductively  coupled 
argon-oxygen  plasma  operated  at  3  to  7  kw  at  13.56 
MHz  under  atmospheric  pressure.  As-deposited 
superconducting  films  were  grown  on  (100)  YSZ 
substrates  heated  to  650°C.  Critical  temperatures 
of  82K  and  critical  current  density  of  4.5  x  103 
amp/cm2  at  40K  have  been  achieved.  X-ray 
diffraction  show  the  films  to  be  oriented  c-axis 
perpendicular  to  the  substrate  surface.  The 
effects  of  solution  composition,  aerosol 
concentration,  rf  power  and  substrate  temperatures 
on  the  superconducting  properties  and 
microstructures  will  be  discussed. 

M7.168 

IN  SITU  PREPARATION  OF  Y-Ba-0u-0  SUPERCONDUCTING 
THIN  FILMS  HY  DO-MAGNETRON  SPUTTERING 
L.F.Ohen.  L.Zhou,  S.J.Pang,  Y.H.Kuo,  L.Li, 

B.H.Zhao,  and  Y.Z. Zhang,  Beijing  Laboratory  of 
Vacuum  Physics,  Academia  Sinica;  General  Research 
Institute  of  Non-ferrous  metals,  Beijing,  China; 
Department  of  Physics, Peking  University,  Beijing, 
China;  Institute  of  Physics,  Academia  Sinica, 
Beijing,  China. 


Y-Ba-Cu-0  thin  films  have  been  epitaxially  grown 
by  dc-magnetron  sputtering.  The  epitaxial  orien¬ 
tation  were  varied  by  controlling  substrate 
temperature,  oxygen  partial  pressure  and  The 
substrate  orientation  is  not  facing  the  cathode. 
Optimum  preparation  condition  were  a  low  die- 
charge(120v) ,  a  high  oxygen  partial  pressure  in 
an  oxygen  argon  mixture (Ar/O 2=2: 1)  and  substrate 
temperatures  at  785°C.  The  compositional  and 
structural  properties  were  determined  by  X-fluo- 
rescence  and  X-ray  diffraction.  The  films  exhibit 
zero  resistance  at  90k.  The  supercurrent  at  78k 
has  reached  8. 9xlo5A/cm2. 

M7.169 

MULTILAYER  E-BEAM  DEPOSITION  AND  ANNEALING  OF 
YBa2Cu307.j  THIN  FILMS  ON  UG»03  SUBSTRATES.  Richard 
DeVito.  Brian  G.  Pazol,  John  H.  Chaffin,  Lition/ltek  Optical  Systems, 
Lexington,  MA;  Roger  F.  Belt  and  Robert  Uhrin,  Litton/Ainron,  Morns 
Plains,  NJ. 

Thin  films  of  YBa2Cu3<>7^  have  been  deposited  on  samples  of  LaGa03 
substrates  by  multilayer  E-beam  evaporation.  Alternating  layers  of  Cu, 
Y2O3,  and  BaF2  were  deposited  on  polished  (100)  substrates.  An 
annealing  study  was  performed  to  thoroughly  blend  the  layers  and 
minimize  substrate  interdiffusion.  Films  were  prepared  by  annealing  in 
wet  oxygen  at  temperatures  between  800  °C  and  1000  °C. 


Four  point  resistance  versus  temperature  curves  were  obtained  to 
determine  the  superconducting  transition  temperature  and  transition 
width.  Critical  current  measurements  and  I-V  curves  were  also  made  in 
addition  to  resistivity  measurements  to  give  better  determination  of 
sample  quality. 

Auger  depth  profiling  was  performed  as  a  function  of  annealing  cycle  to 
determine  the  amount  of  blending  of  the  layers  and  quantify  any 
substrate  diffusion.  Since  LaGa03  is  a  close  lattice  match  to 
YBa2Cu3O7.fi,  SEM  and  x-ray  diffraction  studies  were  used  to  reveal 
the  crystallographic  and  epitaxial  qualities. 

M7.170 

PREPARATION  OF  YBa,Cu,0x  SUPERCONDUCTING  THIN  FILMS  BY 
MEANS  OF  SINGLE  TARGET  RF-SPUTTERING.  H.  We  y  ter.. 
University  of  Antwerp  (UIA),  Dep.  of  Chemistry,  2b. 0 
Wilrijk.  Antwerp,  Belgium;  R.  De  Batist,  P.  Nagels, 
University  of  Antwerp  (RUCA),  2020  Antwerp,  Belgium; 

J.  Comelis,  SCK/C2N.  Materials  Development  Dep.,  2400 
Mol,  Belgium. 

High  Tc  superconducting  thin  films  have  been  deposited  on 
sapphire  (single  crystal  Al,o,)  by  means  of  RF-sputtering 
from  a  single  stoichiometric  target  of  Y^jCu.Ox  com¬ 
position.  The  YBa,Cu,0x  films  were  grown  in  an  ‘argon- 
oxygen  atmosphere  on  a  substrate  which  reached  a  tempera¬ 
ture  of  .»  400  CC  during  deposition. 

The  study  of  stoichiometry  and  homogeneity  of  the  as- 
deposited  films,  by  means  of  electromicroprobe  analysis 
(EMPA)  was  used  to  optimize  the  sputtering  parameters  of 
the  system. 

To  achieve  superconductivity,  with  an  onset  of  ±  90  K,  a 
high  temperature,  post-deposition  thermal  treatment  in 
oxygen  is  necessary.  Resistivity  measurements  show  that 
the  temperature  at  which  zero  resistivity  is  reached,  is 
lowerd  with  resoect  to  the  bulk  samples  (Tc(R-0)-89  K)  as 
a  result  of  interaction  with  the  substrate. 

Following  thermal  treatment,  the  superconductive  films 
were  further  analysed  by  3Q4/EDX  and  EMPA  in  order  to 
determine  stoichiometry,  homogeneity  and  texture.  The 
results  were  used  to  optimize  the  conditions  for  thermal 
treatment  of  the  films. 

*  Work  supported  in  part  by  the  Belgian  Government  (IUAP- 
Progranme  Antwerp) 

H7.171 

RAPID  CHEMICAL  VAPOR  DEPOSITION  OF  YBajCujO*  COATINGS. 
W.J.  Lackey.  W.B.  Carter,  D.N.  Hill,  E.K.  Barefield,  J.A.  Hanigofsky, 
M.J.  Shapiro,  T.S.  Moss  III,  A.J.  Green,  and  D.F.  O'Brien,  Georgia 
Institute  of  Technology.  Atlanta.  GA  30332;  and  R.A.  Jake  and  K.R. 
Efferson,  American  Magnetics,  Inc.,  Oak  Ridge,  TN  37831. 

Chemical  vapor  deposition  (CVD)  is  extensively  used  commercially  lor 
preparation  of  numerous  electronic,  optical  tribological,  and  chemical¬ 
ly  protective  coatings.  Compared  to  other  coating  processes  CVD  is 
often  faster,  yields  higher  quality,  more  adherent  films,  and  can  be 
used  to  coat  multiple  irregularly  shaped  substrates.  About  a  dozen 
investigators  have  reported  on  the  CVD  of  superconducting  YBajCujO^ 
Some  of  these  films  have  very  high  critical  current  densities  ("l(r 
A/cm2)  even  in  strong  magnetic  fields.  Typical  reagents  have  been 
metal  complexes  of  various  d-dikelonate  ligands.  These  are  solids  at 
room  temperature  which  slowly  sublime  when  belted  to  ~100-300*C; 
the  vapor  is  then  swept  into  the  CVD  system  by  a  carrier  gas.  With¬ 
out  exception,  however,  the  very  low  vapor  pressure  of  the  Y,  Ba,  and 
Cu  precursor  reagents  has  restricted  deposition  rates  to  low  values,  e.g., 
1  prn/h.  Furthermore,  the  vapor  pressures  of  the  precursors  are 
strongly  dependent  on  temperature  and  are  subject  to  change  as  a 
result  of  thermal-environmental  induced  degradation  during  sublima¬ 
tion.  Hence,  process  control  and  repeatability  arc  unusually  poor. 

A  rapid,  controllable  process  for  CVD  of  superconducting  YBijCujOi 
has  been  developed.  The  new  process  relies  on  slowly  feeding  and 
pneumatically  transporting  powdered  solid  reagents  directly  into  the 
CVD  furnace;  a  vaporizer  is  not  used.  Deposition  rates  two  orders  of 
magnitude  greater  then  those  achievable  by  reagent  sublimation  have 
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been  obtained  using  a  powder  feed  mixture  of  Y,  Ba,  and  Cu  TMHD 
complexes  (TMHD  is  letramethylheptanedionate).  Potentially,  the 
process  is  applicable  to  thermally  unstable,  less  volatile  lower  cost 
reagents  such  as  the  acetates. 

This  work  was  supported  by  Dr.  Kay  R.  Adams  of  DARPA  and  Dr. 
Wallace  A.  Smith  of  ONR  under  Contract  Number  N00014-88-C-0615. 

M7.172 

LOW  TEMPERATURE  GROWTH  OE  SUPERCONDUCTING  YBa.Cu.O,., 

THIN  FILMS  BY  METAL0RGAN1C  CHEMICAL  VAPOR  DEPOSITION. 
Eeiichi  Kanehori.  Nobuyuki  Sugii  and  Kalsuki  Miyauchi, 

Central  Research  Laboratory,  Hitachi,  Ltd.,  Tokyo.  Japan. 

Metalorganic  chenical  vapor  deposition  (MOCVD)  is  thought 
to  be  one  of  the  nost  desirable  aethods  to  groi  oxide 
superconductor  thin  filas  because  it  has  high  coaposition 
controllability,  high  reliability  and  high  productivity. 
Hoaever,  a  concerted  effort  is  required  to  decrease 
deposition  teaperature  in  order  to  apply  MOCVD  in 

aicroelectronics  processes.  This  paper  reports  influence 

of  deposition  teaperature  on  crystallographic  and 
electrical  properties  of  Y-Ba-Cu-0  thin  filas. 

Thin  filas  aere  groan  by  a  loa  pressure  MOCVD  apparatus 
in  the  teaperature  range  froa  550  U  to  800  TC  . 

8  -diketonate  coaplexes  of  Y,  Ba  and  Cu  sere  eaployed  as 
source  aaterials. 

Thin  files  groan  in  the  teaperature  range  froa  550  TO  to 
800  T3  had  the  orthorhoabic  YBa  ,  Cu  ■  0  ,  .  >  structure. 
Hoaever,  thin  fila  groan  at  550  T)  shoaed  seaiconductive 
electrical  properties.  The  superconducting  transition  aas 
observed  for  the  filas  groan  above  800  12  .  The  onset 
teaperature  for  these  filas  agreed  aith  around  90  E. 

On  the  other  hand.  the  xero  resistivity  teaperature 
depended  on  deposition  conditions.  The  zero -resistivity 
teaperatures  for  the  filas  groan  at  600  "C .  650  X2  and 
700  T)  aere  11  E.  71  E  and  83  E,  respectively. 

M7.173 

PARTIAL  REDUCTION  -  REOXIDATION  PROCESSING  OF 
Y-Ba-Cu-0  SPUTTERED  THIN  FILMS.  F.  H.  Garzon. 

J.  C.  Beery,  D.  K.  Wilde  and  I.  D.  Ralstrick. 

Los  Alamos  National  Laboratory,  NM. 

Thin  films  of  Y-Ba-Cu-0  were  produced  by  rf 
sputtering  of  YBajCUjO^  ceramic  targets, 

using  a  variety  of  plasma  compositions, 

pressures,  rf  power  levels,  and  substrate 

teaperatures.  Post  -  anneal lng  of  these  films 

In  oxygen  produced  superconducting  films  with 

T  values  between  40-60  K,  broad  transition 
c 

widths  and  semiconductor- like  electrical 
behavior  above  Tc.  Subsequent  annealing  at 

850*C  In  an  Inert  gas  with  a  residual  oxygen 
pressure  of  -10  ppm  followed  by  an  oxygen 
anneel  produced  high  quality  thin  films:  Tc> 

85  K  with  narrow  transition  widths.  The 
structure  and  morphology  of  these  films  during 
this  reduction-oxidation  processing  were 
studied  using  X-ray  diffraction  and  electron 
microscopy . 


M7.174 

COMPOSITIONAL  CONTROL  OF  Y-BA-CU-0  FILMS  EMPLOYING  A 
SINGLE  OXIDE  TARGET,  AjJ^DrshMR,  J.A,  Horriqan,  H.W. 

Duma is,  B.L.  MacDonald,  R.J.  Andrews,  P.M.  Tedrow*  and 
M.N.  Alexander  Solid  State  Sciences  Directorate  Rome 
Air  Development  Center  Hanscom  AFB,  MA  01731 

Superconducting  films  were  fabricated  by  R-F  diode 
sputtering  from  a  single  Y-Ba-Cu  oxide  target  that  was 
both  Ba  and  Cu  rich.  By  controlling  the  sputter  deposi¬ 
tion  parameters  we  were  able  to  control  the  film  composi¬ 
tion  as  determined  by  EDX  and  x-ray  diffraction.  A 
particularly  useful  parameter  is  the  bias  of  the  substrate 
table.  By  applying  a  small  negative  bias,  the  film 
uniformity  is  improved  and,  more  importantly,  back- 
sputtering  is  reduced.  By  controlling  bias,  sputter  gas 
pressure  and  oxygen  content,  target-substrate  separation, 
target  voltage  and  substrate  temperature,  we  find  that  a 
single  oxide  target  can  be  used  to  produce  stoichiometric 
YBa2CU30x  films  under  various  processing  conditions. 
Resulting  microstructures,  superconducting  transitions 
and  critical  currents  are  presented. 

•MIT  Francis  Bitter  National  Magnet  Laboratory.  AFSC 
University  Resident  Research  Fellow  at  RADC 

M7.175 

SPRAY  PYROLYSIS  TECHNIQUE  FOR  THE  DEPOSITION  OF 
SUPER  CONDUCTING  FILMS.  Marc  Soller.  Larry  P.  Moy  and 
Michael  R.  Squillante,  Radiation  Monitoring  Devices,  Inc., 
Watertown,  MA  02172,  and  James  Marzik,  U.S.  Army  Materials 
Technology  Laboratory,  Watertown,  MA  02172. 

Research  has  been  performed  on  the  use  of  chemical  spray  pyrolysis 
for  depositing  thin  and  thick  Elms  of  superconducting  YBCO.  The 
effects  of  reagent  concentration,  deposition  rate,  substrate 
temperature  and  substrate  type  were  investigated.  Superconducting 
films  from  0.5  to  10  microns  thick  were  deposited  on  single  crystal 
strontium  titanate,  polyciystalline  alumina  and  Type  304  stainless 
steel.  The  films  have  been  characterized  for  their  physical  and 
superconducting  properties. 

M7.176 

YBa-CU,0:  THIN  FILMS  PREPARED  BY  MULTILAYER 

DEPOSITION . *  Valentin  Garcia-Vazquez  and  Charles 
M.  Falco,  Department  of  Physics,  Optical  Science 
Center  and  Arizona  Research  Laboratories, 
University  of  Arizona,  Tucson,  AZ  85721 

We  have  used  a  combination  of  BaF,  evaporation  and 
DC  triode  sputtering  of  Y  and  Cu'  to  produce  high 
temperature  superconducting  thin  films.  Post- 
annealed  films  on  single  crystal  SrTiOj  (100) 
substrates  exhibit  a  92  K  superconducting  onset. 
Rutherford  backscattering  spectroscopy  was  used  to 
analyze  the  stoichiometry  of  films  deposited  on 
carbon  substrates.  X-ray  diffraction  on  post- 
annealed  films  shows  preferential  orientation  of 
the  c-axis.  Annealing  conditions  to  optimize  the 
superconducting  properties  will  be  reported.  we 
are  also  studying  the  annealing  conditions  for 
other  substrates,  such  as  sapphire,  MgO  and  Ysz. 

•Supported  by  the  U.  S.  Department  of  Energy  under 
contract  No.  DE-FG02-87ER45297  .  One  of  us  (V.  G.- 
V.)  has  benefited  from  a  CONACyT-Mexico 
fellowship. 
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M7.177 

HIGHLY  ORIENTED  YBajCiijO;.,  THIN  FILIS  PREPARED  BY 
UNBALANCED  DC  1ACNETRON  SPUTTERING  FROI  SINGLE 
STOICHIOMETRIC  TARGET.  N.  Savvides.  D.V.  Hensley, 

C.  Andrikidis,  R.  Driver  and  J.C.  lacfarlane,  CSIRO 
Division  of  Applied  Physics,  Sydney  2070,  Australia; 

N.X.  Tan  and  A.J.  Bourdillon,  University  of  New  South 
Vales,  Sydney  2033,  Australia. 

Resputtering  of  material  from  the  fill  surface  during 
deposition  has  been  a  persistent  proble*  in  conventional 
dc  and  rf  single- target  sputtering  systems.  Energetic 
heavy  particles  (ions  and  neutrals),  arising  from  the 
plasaa  or  produced  at  the  cathode,  boabard  the  growing 
fila  causing  preferential  resputtering  of  Ba  ana  Cu  and 
consequently  alter  its  coaposition.  Ve  have  attacked  this 
problem  by  altering  the  sputtering  process  of  dc 
aagnetrons . 

Thin  films  of  YBajCujOT-x  were  reproducibly  prepared  with 
metal  stoichiometry  close  to  1-2-3  by  dc  magnetron 
sputtering  from  a  single  stoichiometric  target.  To 
circumvent  the  resputtering  effects,  the  magnetron  used  an 
unbalanced  magnetic  field  configuration  to  direct  the 
plasaa  away  from  the  substrate.  Energy  dispersive 
spectroscopy  was  used  to  determine  the  composition  of 
as- deposited  and  post- annealed  films.  Highly  oriented 
films  with  the  c-axis  perpendicular  to  the  film  plane  were 
obtained  bv  depositing  onto  MgO(lOO),  YSZ(lOO)  and 
SrTiOj(lOO)  substrates  followed  by  post- annealing  at 
850-950  °C  in  flowing  oxygen.  The  best  films  have 
Tc=91-93  R,  sharp  transition  width  ATC  (907.-  107)  =0.5  K,  and 
metallic  resistivity  above  the  transition  with  resistivity 
ratio  pjoo/hi oo=2- 3.  The  critical  current  density  Jc, 
measured  on  unpatterned  films  2-5  mm  wide  and  12  mm  long, 
was  1.5xl05  A  cm-2  at  77  K  and  1.5x10'  A  cur2  at  4.2  K. 

M7.178 

CRUCIBLELESS  LIQUID  PHASE  GROWTH  OF  (OOL)  YBaCuO 
FILMS  ON  POLYCRYSTALLINE  SUBSTRATES.  K.C.  Chen, 

L.H.  Perng,  T.S.  Chin.  C.P.  Perng,  C.M.  Wu,  T.B. 

Wu,  ans  C.H.  Lin,  Dept,  of  Materials  Sci.  &  Eng., 
National  Tsing  Hua  Univ.,  Hsinchu,  Taiwan,  R.O.C. 

Oxide  superconductor  thin  films  can  be  fabricated 
by  liquid  phase  growth  (LPG)  using  suitable  flu¬ 
xes.  However,  the  extremely  reactivity  of  the  melt 
with  crucible  limit  the  availability.  In  this  stu¬ 
dy,  a  crucibleless  method  of  growing  YBaCuO  thin 
films  by  LPG  is  successfully  developed. 

Pellets  of  suitable  weight  composed  of  raw  consti¬ 
tuents  were  put  onto  an  polycrystalline  alumina 
substrate.  After  liquifying  at  1100  C  for  10  min., 
they  were  cooled  down  at  different  rates  to  around 
960  -  930  °C  (depending  on  composition),  the  subs¬ 
trate  holder  was  turned  90°  over  to  let  the  melt 
flow.  Thin  and  thick  films  were  thus  obtainable. 

All  the  thin  and  thick  films  showed  very  strong  ( 

OOL)  orientation  of  the  123  superconducting  phase 
on  rough  961  alumina  substrates,  dense  polished  99 
Z  alumina  substrates,  and  MgO  single  crystals,  if 
suitable  buffer  layer(s)  was  applied.  Tc,o  of  60 
K  was  routinely  obtainable  from  96X  alumina  subs¬ 
trate  coated  with  Au  then  2115  underlayers.  Higher 
Tc  is  available  using  MgO  single  crystal  with  thin 
Au  underlayer.  Detailed  microstructure  and  proces¬ 
sing  parameters  relating  to  orientation  growth  su¬ 
perconducting  properties  are  discussed. 

Part  of  binary  phase  diagram  of  the  YBejCUoO,  - 
BaCuO,  system  was  constructed. 


M7.179 

HIGH  Tc  SUPERCONDUCTOR  FILMS  GROWN  BY  THE 
LPE  TECHNIQUE.  A.S.  Yue  and  C.S.  Yang,  Department  of 
Materials  Science  &  Engineering,  University  of  California,  Los 
Angeles,  CA  90024-1595. 

High  Tc  YBa2Cu307  and  Bi-Ca-Sr-CuO  Superconductor  films 
have  been  grown  by  the  liquid-phase-epitaxial  (LPE)  technique. 

The  success  in  growing  these  films  is  based  on  detailed 
determinations  of  the  peritectic  portions  of  the  pseudo-binary 
phase  diagrams  in  the  Y^-CuO-BaO  and  B  i203-Cu0- (SrCa)0 
ternary  systems.  The  LPE -grown  films  on  sapphire  and  silicon 
substrates  were  prepared  by  cooling  the  off-peri tectic  melts  from 
1050‘C  to  950’C  and  from  890*C  to  870*C  at  an  average  rate  of 
10*C  per  hour. 

Representative  X-ray  diffraction  patterns  of  the  LPE-grown 
YBa2Cu3C>7  and  Bi-Ca-Sr-CuO  films  on  sapphire  substrates 
show  the  existence  of  two  split  (013)  and  (103)  peaks  at  26  = 

32.6*  and  32.8*C,  respectively.  This  indicates  that  these  films 
have  orthorhombic  crystal  structures  of  the  YBa2Cu3C>7  and 
BCSCO  phases  in  agreement  with  those  reported  previously. 

Plots  of  resistance  against  temperature  for  LPE-grown  films 
without  post-annealing  show  that  the  resistances  decrease 
linearly  from  room  temperature  to  90*K  and  110'K, 
respectively.  Below  these  temperatures,  they  deviate  from 
linearity  with  a  downward  curve  to  a  zero-resistance  value  of 
78"K  for  the  YBa2Cu307  film  and  80*K  for  the  BCSCO  film. 

To  substantiate  these  critical  temperatures  at  R=0  data,  we  have 
performed  the  a.c.  susceptibility  versus  temperature  experiments 
on  the  LPE-grown  films.  It  was  found  that  their  transition 
temperatures  are  also  near  80’K  in  good  agreement  with  the 
resistivity  versus  temperature  data. 

M7.1B0 

PREPARATION  OF  Y-Ba-Cu-0  HIGH  Tc  SUPERCONDUCTING  FILMS  BY 
PLASMA-ENHANCED  ORGANOMETALLIC  CHEMICAL  VAPOR  DEPOSITION. 
J.  Zhao,  L.  M.  Tonge,  H.  0.  Marcy,  B.  W.  Weasels,  T.  J. 
Marks  and  C.  R.  Kannewurf,  Materials  Research  Center  and 
Science  and  Technology  Center  for  Superconductivity, 
Northwestern  University,  Evanston,  IL  60208 

A  plasma-enhanced  organometallic  chemicel  vapor  deposi¬ 
tion  process  for  the  preparation  of  YBa2Cu307  thin  films 
using  the  volatile  metal-organic  precursors  Ytdipivaloyl- 
oethanate)3,  Ba(dlpivaloylmethanate)2,  and  Cufacetylace- 
tonate)2  has  been  developed.  At  deposition  temperatures 
as  low  as  650°C,  as-deposited  films  show  formation  of 
the  crystalline  1-2-3  phase  along  with  other  impurity 
phases,  as  indicated  by  the  x-ray  diffraction  patterns. 
Auger  electron  spectroscopy  indicates  that  the  films 
have  a  very  low  carbon  content.  Superconducting  films 
with  £  axes  oriented  perpendicular  to  the  yttria-stabil- 
ixed  rirconla  (YSZ)  substrate  surface  were  obtained  after 
appropriate  post-annealing. 

M7.181 

SUPERCONDUCTING  YBa2Cu307.y  THIN  FILM  ON  METAL  SUBSTRATE 
BY  CHEMICAL  VAPOR  DEPOSITION  PROCESS  T.  Yamaguchi,  S. 
Aokl.  N.  Sadakata  and  0.  Kohno,  Tokyo  Laboratory. 
Fujlkura  Ltd.,  Tokyo  135,  Japan 

Formation  of  Y-Ba-Cu-0  thin  fill  by  cheilcal  vapor 
deposition  (CVD)  process  has  been  Investigated. 
Application  of  the  hlfh-Tc  superconducting  laterlals  for 
conductor  requires  unlfon  formation  of  the  substance. 
The  material  has  some  Intrinsic  properties  such  as 
anisotropic  current  flow  and  weak  links  at  grain 
boundaries  which  may  result  large  reduction  of  the 
transport  Jc,  therefore  it  is  necessary  to  eliminate 
these  defects.  Thin  film  fabricating  methods  are 
favorable  because  highly  oriented  and  clean  grain 
boundaries  could  be  obtained.  Among  these  methods,  CVD 
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process  is  advantageous  because  the  deposition  rate  is 
larger  than  the  other  thin  fill  processes.  In  this 
study,  superconducting  YBa2Cu307_y  thin  films  have  been 
prepared  by  CVD  process  using  beta-diketonate  chelates 
of  Y,  Ba  and  Cu  on  both  single-crystalline  SrTi(>3 
substrates  and  metal  substrates.  As-deposited  film  on 
SrTi(>3  showed  poor  superconducting  properties  with  low 
Tc,  though  consequent  annealing  improved  the  zero- 
resistive  Tc  at  89K.  The  film  on  metal  substrate  with 
SrTl(>3  buffer  layer  also  showed  good  superconductivity 
of  zero  resistance  at  85K.  These  films  had  (110) 
orientation  to  the  basal  plane.  The  growth  rate  of  the 
films  was  quite  fast  about  30  microns  per  hour  or  more. 

M7.182 

SUPERCONDUCTING  HIGH  Tc  THIN  FILMS  PREPARED  BY 
LASER  DEPOSITION:  COMPARISON  OF  LASER  SOURCES. 

L.  Lvnds .  B.  R.  Weinberger,  G.  G.  Peterson  and 
D.  M.  Potrepka,  United  Technologies  Research 
Center,  E.  Hartford,  CT  06108. 

Pulsed  laser  ablation  of  targets  to  produce  high 
quality  superconducting  thin  films  is  being 
performed  in  many  laboratories.  Properties  of 
deposited  superconducting  materials  depend 
critically  on  the  nature  of  laser  radiation  used 
in  the  ablation  process  and  on  the  intervening 
reaction  conditions.  We  have  observed 
significant  differences  in  the  ablation  process 
between  a  free-running  Nd: YAG  laser  (1064  nm) 
and  an  excimer  (248  nm)  laser  equipped  with 
unstable  resonator  optics.  It  was  then  possible 
to  compare  effects  of  pulse  dynamics  within  the 
same  range  of  fluence  (1  -  100  J/cm2) .  Ablation 
occurs  through  threshold-dependent  interactions 
with  the  targets  and  produces  a  non-eguilibrium 
distribution  of  energy  amongst  ejected  atoms  and 
molecules  appearing,  primarily,  in  translation 
energy  (1-15  eV) .  The  angular  distribution  of 
product  states  suggests  that  the  coupling  of  the 
optical  radiation  to  the  target  may  proceed 
through  stimulated  Brillouin  scattering. 

Effects  of  optical  parameters  on  the  nature  of 
thin  film  morphology/structure  and 
superconductivity  will  be  discussed. 

M7.183 

TN-SITU  GROWTH  OF  YBa^Cu^O.  BY  LASER  ABLATION*.  D. 
K.  Forkl.2,  K.  Char3,  J.  B.  Boycel,  F.  BridgesM,  G.  A.  N. 
Connell  l ,  and  T.  H.  Geballe*.  (1)  Xerox  Palo  Alto  Research 
Center,  Palo  Alto,  CA  94304;  (2)  Dept  of  Appl.  Phys,  Stanford 
Univ.,  Stanford,  CA  94305;  (3)  Conductus,  Inc.,  Sunnyvale,  CA 
94086;  (4)  Physics  Dept.,  Univ.  of  California,  Santa  Cruz,  CA 
95064. 

YBa2Cu,07  has  been  grown  in -situ  on  A  1,0,  (1102)  by  laser 
ablation.  The  effects  of  oxygen  pressure  and  substrate 
temperature  on  the  growth  of  YBa,Cu,07  were  studied.  Substrate 
temperature  and  laser  energy  density  play  important  roles  in 
getting  well-oriented  YBa2Cu,07  thin  films  with  the  c-axis 
perpendicular  to  the  substrate.  Typical  resistivity  curves  shows  p 
—300  pfi-cm  at  300K  and  p— 120  p  Q  -cm  at  100K.  The 
superconducting  transition  width  is  less  than  IK  and  Tc  is  a  little 
depressed  to  87K.  Compositional  and  structural  differences  for 
in-iitu  YBajCujO,  thin  films  on  other  substrates  such  as  MgO, 
YSZ,  SrTiOj  and  LaAlO,  will  be  also  presented  as  well  as  studies 
of  grain  boundary  defects  and  interface  defects  using  x-ray 


diffraction,  TEM,  and  compositional  analysis.  The  in-plane 
epitaxial  relationships  will  be  discussed  in  terms  of  both 
deposition  parameters  and  the  electrical  transport  properties, 
such  as  the  resistivity  and  the  critical  current  density. 

*  Supported  in  part  by  the  Air  Force  Office  of  Scientific  Research 
under  Contract  F49620-89-C-0017. 

M7.184 

VERSATILE  LASER  DEPOSITION  CHAMBER  FOR  IN-SITU  FABRICA¬ 
TION  OF  BUFFER  LAYERS  AND  SUPERCONDUCTING  THIN-FILMS. 

R.E.  Russo.  R.P.  Reads,  and  J.M.  McMillan,  Mail  Stop  90-2024, 

Lawrence  Berkeley  Laboratory,  Berkeley,  CA  94720,  and  B.L.  Olsen, 
Lawrence  Livermore  National  Laboratory,  L-350,  Livermore,  CA  94550. 

Pulsed  laser  deposition  Is  a  demonstrated  technique  for  the  fabrication  of 
thin-film  high  temperature  superconductors.  The  films  are  normally 
deposited  on  single  crystal  substrates  placed  several  centimeters  from  the 
bulk  target  material.  We  have  developed  a  deposition  chamber  with  the 
capability  of  rotating  four  bulk  materials  separately  into  the  path  of  an  excimer 
laser  beam.  The  target  holder  allows  in-situ  laser  deposition  of  several 
materials  without  exposing  the  chamber  (and  films)  to  the  atmosphere 
between  layers.  Using  this  system,  we  have  deposited  buffer  layers  of 
several  materials  before  depositing  the  superconducting  films.  In  addition, 
protective  cover  layers  have  been  deposited  over  the  superconducting  film 
without  removing  the  film  from  the  dean  chamber  environment.  As-deposited 
superconducting  thin-films  have  been  deposited  on  laser-deposited  metal 
layers.  For  example,  YBCO  films  have  been  deposited  on  Ag  buffer  layers. 
The  silver  films  were  laser  deposited  on  MgO  immediately  before  the  YBCO 
film.  The  deposition  parameters  for  metal  buffer  layers  have  been  optimized 
and  are  significantly  different  than  those  employed  for  the  superconducting 
material.  A  description  of  the  system  and  results  for  several  metal  buffer 
layers  and  multilayered  film  compositions  will  be  described. 

M7.185 

IN-Srru  LASER  DEPOSITION  OF  YBa2Cu307_g  AND  HoBa2Cu307.g 
HIGH-Tc  SUPERCONDUCTING  THIN  FILMS  ON  Si  (100)  AND 
KTa03  (100).  A.K.  Singh,  C.  Lee,  J.  Narayan,  Department  of  Materials 
Science  and  Engineering,  Raleigh,  N.C.  27695-7916;  L.A.  Boatner, 
Ceramics  and  Interface  Section,  Oak  Ridge  National  Laboratory,  Oak 
Ridge,  TN  37831. 

We  have  developed  a  biased  laser  deposition  method  for  the  in-situ 
deposition  of  High-Tc  superconducting  YBajCujO-;^  and  HoBajCujO-^ 
thin  films  on  Si  (100)  and  KTa03  (100)  substrates.  The  deposition  was 
aimed  towards  the  growth  of  textured  film  on  Si  and  epitaxial  film  on 
KTa03.  The  lattice  parameter  of  the  superconductor  (a  s  3. 85 A)  and 
KTa03  (a=3.99A)  are  close  to  each  other.  A  XeCl  excimer  laser 
(X=308nm)  was  used  with  pulse  duration  of  -40  ns.  The  energy  density  of 
the  laser  impacting  the  target  was  adjusted  to  be  2.5  J/cm2.  The  deposition 
was  done  in  a  precleaned  chamber  with  an  oxygen  atmosphere  at  200  mT. 
The  target  and  substrate  were  parallel  and  4.85  cm  apart.  For  lower 
temperature  (500-550°C)  depositions,  an  electrically  biased(+300  V) 
metallic  ring  was  used  to  accomplish  deposidon.The  ring  was  placed  at  a 
distance  of  0.6  cm  from  the  target.  The  nature  of  epitaxial  and  textured 
growth  was  determined  by  X-ray  diffrac  tome  try,  transmission  electron 
microscopy,  and  Rutherford  Backscattering  techniques.  The  films  were 
textured  with  'c'  axis  perpendicular  to  the  plane  of  the  film.  The  transition 
temperature  Tc  was  determined  by  resistivity  vs  temperature  measurements 
using  conventional  four-probe  method.  The  Tc  values  (R-0)  for 
superconducting  films  on  KTa03  was  -  84  K  and  77  K  for  films  deposited 
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on  Si.  The  Jc  values  of  the  films  were  determined  by  patterning  the  film  by 
covering  the  substrate  with  a  suitable  mask.  The  details  regarding  the  above 
results  will  be  discussed 

M7.186 

LONG-LASER-PULSE  METHOD  OF  PRODUCING  Y-Ba-Cu-O 
SUPERCONDUCTING  FILMS.  R.  E.  Russo.  M.Balnoch  and  D.  R.  Olander, 
University  of  California  and  Lawrence  Berkeley  Laboratory,  Berkeley,  CA. 

Deposition  of  superconducting  thin  films  from  YBa2Cu,0,  target  using  a 
long-pulse  (ms)  Nd-glass  laser  with  50  J/pulse  energy  has  been  demons  (rated 
The  deposition  rate  was  approximately  100  nm/pulse.  A  film  produced  by 
four  pulses  on  a  SrTiO,  substrate,  held  at  540  "C,  and  post-annealed  at  850*  C 
for  about  two  hours  exhibited  an  onset  transition  at  78K  and  zero  resistance 
at  61K.  The  angular  distribution  up  to  40*  with  respect  to  normal  was  diffuse 
with  and  no  significant  variation  in  composition.  Scanning  electron 
microscopy  showed  no  cracks  but  revealed  spherical  inclusions  on  the  order 
of  microns  in  the  film.  Scanning  tunneling  microscopy  in  air  showed  a 
terrace-ledge  structure  with  about  12  A0  height  on  the  uniform  portion  of  the 
film. 

Evaporated  species  and  their  velocity  distributions  of  the  laser-target 
interaction  were  obtained  by  a  quadrupole  mass  spectrometer  utilizing 
time-of-flight  technique.  The  rime  dependence  of  the  target  temperature  was 
monitored  by  a  fast  optical  pyrometer.  Among  the  detectable  molecules  by 
the  mass  spectrometer  were  Cu,  Bao,  Yo,  BaCuO  and  YBaO,.  Low-enegy 
laser  pulse  generated  neutrals  only.  At  high  energies  nuetrals  and  ions  were 
emitted  from  the  target. 

M7.187 

1N-SITU  DEPOSITION  OF  HIGH  TEMPERATURE 
SUPERCONDUCTORS  ON  LaA103  SUBSTRATES. 

P.Tiwari,  A.K.Singh,  C.B.Lee  and  J.Narayan,  Department  of  Materials 
Science  and  Engineering,  North  Carolina  State  University,  Raleigh,  N.C. 
27695-7916. 


Excellent  quality  YBajCu-jC^g  superconducting  thin  films  have 
been  fabricated  in-situ  on  low  dielectric  constant  Lanthanum  Aluminate 
substrate  (cubic,  a  =  3.79  A,  dielectric  constants  6)  using  pulsed  laser 
ablation  (X=308nm,  t  =  45  ns,  energy  >  2.5  J  cm"2).  The  films  on  LaAI03 
were  fabricated  at  different  oxygen  partial  pressure  (100  -  200  mTorr)  and 
substrate  temperatures  (500-650°Q.  The  epitaxial  nature  and  crystallinity  of 
the  film  were  analyzed  by  X-ray  diffraction,  transmission  electron 
microscopy,  and  Rutherford  backscattering  spectrometry.  The  transition 
temperature,  Tc,  was  determined  by  resistivity  vs  temperature 
measurements  using  conventional  four-probe  method  and  the  films 
exhibited  excellent  superconductivity  with  zero  resistance  at  about  90K.The 
films  were  patterned  by  covering  the  substrate  with  a  suitable  mask  for 
critical  current  density  measurements.  The  details  of  microstructures  and 
chemical  compositions  will  be  correlated  with  superconducting  properties. 

M7.188 

PULSED  LASER  DEPOSITION  OF  H1GH-TC  SUPERCONDUCTING 
THIN  FILMS.  M.  Grant  Norton.  Lisa  A.  Tietz,  C.  Barry  Carter 
Department  of  Materials  Science  and  Engineering,  Stephen  E.  Russek  and 
Robert  A.  Buhrman,  School  of  Applied  and  Engineering  Physics,  Cornell 
University,  Ithaca,  NY  14853. 

Smooth,  high-Tc  thin  films  of  Y-Ba-Cu-0  have  been  deposited  by  pulsed 
laser  evaporation  of  stoichiometric  bulk  samples.  The  films  were 
deposited  onto  (001  )-oriented  MgO  and  (001)-oriented  SrTiO,  in  an 
oxygen  ambient  using  a  pulsed  XeF  excimer  laser.  Superconducting 
films  could  be  deposited  at  substrate  temperatures  from  S80-700°C.  The 
films  .which  were  between  200-300  run  thick,  had  critical  temperatures 
above  80K.  In  addition  to  describing  the  experimental  techniques,  film 
characterisation  is  reported. The  surface  morphology  was  examined  using 
scanning  electron  rmcroscopy(SEM).  Film  composition  was  determined 
using  x-ray  diffraction(XRD)  and  Rutherford  backscattering 


spectroscopy(RBS).  The  microstructures  of  the  films  including  grain¬ 
boundary  structures  and  film-substrate  interfaces  have  been  studied  by 
examination  of  cross-sectional  and  plan  view  samples  using  transmission 
electron  microscqpy(TEM) . 

M7.189 

UNIFORMITY  CONSIDERATIONS  OF  'IN-SITU*  LASER-ABLATED 
Y,Ba2Cu,07  FILMS  OVER  THREE  INCH  WAFERS.  James  A.  Greer 
and  Jerrolti  Vaft  Hook.  Raytheon  Research  Division.  Lexington.  MA 

This  paper  will  discuss  the  uniformity  of  a  variety  of  properties  of  'in-situ' 
laser-ablated  Y.Ba„Cu,0.  thin  films  deposited  on  three  inch  wafers.  A 
novel  deposition  chamber  Hs  been  developed  which  incorporates  a 
programmable  mirror  which  allows  us  to  raster  a  focused  excimer  laser 
beam  (248  nml  over  a  radii  of  a  rotating  3.5  inch  stoichiometric  target.  The 
substrate  is  also  rotated  and  sits  12.7  cm  above  the  target.  Thickness 
uniformity  of  ±  6%  over  three  inch  wafers  has  been  demonstrated.  The 
composition  uniformity  is  better  than  ±  1%  as  determined  by  EDX,  and  the 
nominal  metal  ion  composition  is  Yj  2Ba2  0^u3  O' 

In  order  to  grow  films  'in-situ'  the  system  incorporates  an  RF  atomic 
oxygen  source  capable  of  producing  fluxes  of  over  10lu  atoms/cni  at  the 
substrate  surface  given  the  source  efficiency  and  chamber  pumping  speed. 
Typical  growth  parameters  are  a  laser  pulse  rate  of  20  PPS  yielding  an 
average  growth  rate  of  0.5  um/hour.  Growth  temperatures  are  about 
575°C  yielding  films  with  a  high  degree  off-axis  orientation.  The  best 
films  grown  to  date  have  been  on  3  inch  (11021  sapphire  wafers.  The 
uniformity  in  the  room  temperature  resistivity  of  these  films  is  1.1  +  0.1 
mfi-cm.  The  films  are  weakly  metallic  in  behavior  and  the  temperature  of 
zero  resistance  varies  from  65  K  at  the  outer  edge  of  the  wafer  to  45  K  in 
the  center.  The  effects  of  a  variety  of  buffer  layers  such  as  MgO  and  Zr02 
on  the  HTS  film  properties  will  also  be  discussed. 

This  work  is  the  first  demonstration  that  the  laser-ablation  process  can  be 
scaled  up  to  substrate  sizes  compatible  with  semiconducting  process 
technology.  Thus,  a  number  of  HTS  microwave  devices  such  as  strip  line 
resonators  or  filters  could  be  fabricated  from  a  single  substrate. 

M7.190 

"IN-SITU  PROCESSING  OF  TEXTURED  AND  EPITAXIAL 
SUPERCONDUCTING  Ho-Ba-Cu-O  THIN  FILMS  ON  (100)  MgO  and 
YS-Z1O2  SUBSTRATES  IN  THE  TEMPERATURE  RANGE  500-650°C. 
R.K.  Prasad,  A.K.  Singh,  and  J.  Narayan,  Department  of  Materials 
Science  and  Engineering,  North  Carolina  State  university,  Raleigh,  N.C. 
27695-7916. 

Thin  films  of  HoBa2Cu3(>7_5  were  deposited  on  (100)  MgO  and  (100)  YS- 
Zr02  substrates  using  laser  ablation  technique.  High  powered  pulsed  XeCl 
excimer  laser  (X=0.308pm,  t=  45  nanoseconds  and  average  energy  density 
>2.5  J/c nj^)  was  used  to  ablate  bulk  superconducting  targets  onto  an 
appropriate  substrate  placed  parallel  to  the  target  at  a  distance  of  4.85  cm. 
The  films  were  deposited  at  500-650  °C  in  an  oxygen  atmosphere  of  0.2 
Torr  in  the  presence  of  a  biased  ring.  The  thickness  of  the  superconducting 
films  were  varied  from  500-6000  A.  The  superconducting  transition 
temperature  Tc  (R=0)  was  measured  to  be  84-86K  for  the  various 
substrates.  The  critical  current  density  (Jc)  2  10*>  J/cm^  at  77K  was 
measured  in  these  films.  X-ray  diffraction  pattern  showed  films  on  all  three 
substrates  to  be  highly  textured.  The  nature  of  epitaxial  growth  was 
studied  using  Transmission  Electron  Microscopy  (TEM)  and  Rutherford 
Backscattering  Spectrometry  (RBS)  techniques.  The  results  on 
microstructures  and  superconducting  properties  of  these  films  and  bulk  will 
be  discussed. 
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M7.191 


SOFT  X-RAY  STUDIES  OF  Y-Ba-Cu-0  THIN  FIIMS 
PREPARED  BY  LASER  ABLATION.  A.  Krol .  G. 

C.J.  Sher,  D.R.  Storch,  L.H.  Song,  Y.H.  Kao,  S. 
witanachchi , Y . Z .  Zhu,  S.  Patel,  and  D.T.  Shaw, 
State  University  of  New  York  at  Buffalo  and 
Stony  Brook,  NY;  and  *Brookhaven  National 
Laboratory,  Upton,  NY. 

Soft  x-ray  fluorescence,  total  electron  yield, 
and  scattering  were  measured  for  the  development 
of  techniques  specifically  useful  for  atomic- 
scale  characterization  of  oxide  thin  films.  By 
using  a  new  parallel  plate  avalanche  counter  to 
measure  the  fluorescence  yield  around  the  oxygen 
K  edge,  and  by  a  comparison  of  results  obtained 
with  these  different  techniques,  it  is 
possible  to  probe  directly  the  oxygen  deficiency 
near  the  film  surface.  By  taking  x-ray  data 
at  different  photon  energies  and  as  a  function 
of  grazing  incidence  angle,  useful  information 
on  the  superconducting  film  can  be  obtained, 
including  oxygen  depth  profile,  film  thickness, 
surface  roughness,  optical  constants,  etc. 

Thin  films  of  Y-Ba-Cu-0  were  made  on  MgO  and  ZrOj 
substrates  by  laser  ablation.  The  film  structure 
is  characterized  by  diffraction,  electron 
microscopy,  and  EDAX.  Superconducting  properties 
are  investigated  by  electrical  and  magnetic 
measurements.  Soft  x-ray  experiments  were 
carried  out  at  the  U-15  Beamline  at  the  National 
Synchrotron  Light  Source.  Possible  correlations 
between  x-ray  results  and  superconducting 
properties  will  be  discussed. 

This  research  is  supported  by  TOE  and  AFOSR. 

M7.192 

IN  SITU  GROWTH  OF  EPITAXIAL  SUPERCONDUCTING 
YBa2Cu307-x  FILMS  ON  INSULATING.  SEMICONDUCTING  AND 
FERROELECTRIC  KTa03  BY  PULSED  LASER  ABLATION.*  JuXL 
McCamv.  David  P.  Norton,  Douglas  H.  Lowndes,  L.  A.  Boatner,  R. 
Feenstra,  and  J.  D.  Budai,  Solid  State  Division,  Oak  Ridge 
National  Laboratory.  Oak  Ridge,  TN  37831-6056. 

KTa03  is  an  interesting  substrate  for  potential  applications  of 
epitaxial  thin  film  123-materials  because  of  relatively  small 
mismatches  of  lattice  parameters  and  thermal  expansion 
coefficients  and  low  chemical  reactivity  at  elevated  temperatures. 
More  importantly,  large  single  crystals  of  KTa03  are  easily  grown 
with  optical  quality,  and  can  be  doped  to  form  an  n-type 
semiconductor  and/or  a  ferroelectric  with  variable  ferroelectric  Tc. 
Thus,  optoelectronic  devices  that  utilize  a  superconducting 
epitaxial  film  on  top  of  a  ferroelectric  and/or  semiconducting 
substrate  seem  possible.  As  an  initial  step  in  exploring  such 
applications,  we  have  carried  out  what  are  believed  to  be  the  first 
epitaxial  growth  experiments  of  Y-123  films  on  both  insulating  and 
doped  (semiconducting)  KTaOs-family  single  crystals  by  pulsed 
laser  ablation.  Preliminary  results  show  that  primarily  c-axis- 
normal  epitaxial  films  can  be  grown  with  Tc(R«0)  -90  K  and 
ATc(10%-90%)  -1  K,  and  that  these  films  are  comparable  to  the 
best  films  grown  on  SrTi03  in  terms  of  smoothness  and  surface 
morphology.  Results  of  microstructural  (SEM,  RBS,  x-ray)  and 
superconducting  transport  property  (Tc,  Jc)  measurements  for 
several  film-substrate  combinations  will  be  presented. 


‘Research  sponsored  by  the  Division  of  Materials  Sciences,  U.S. 
Department  of  Energy  under  contract  DE-AC05-840R21400  with 
Martin  Marietta  Energy  Systems,  Inc. 


M7.193 

CHARACTERIZATION  OF  GROUND  STATE  NEUTRAL  AND  ION 
TRANSPORT  DURING  LASER  ABLATION  OF  1:2:3 
SUPERCONDUCTORS  BY  TRANSIENT  OPTICAL 
ABSORPTION  SPECTROSCOPY.*  D.  B.  Geoheoan  and  D.  N. 
Mashburn.  Solid  State  Division,  Oak  Ridge  National  Laboratory, 
Oak  Ridge  TN  37831-6056. 

The  transport  of  ground  state  Y,  Ba,  and  Cu  neutrals  and  Y+,  and 
Ba+  ions  following  excimer  laser  ablation  of  YiBa2Cu307-x  oxide 
superconductor  pellets  has  been  studied  using  optical 
absorption  spectroscopy.  Spatially  resolved  absorption 
measurements  following  the  laser  pulse  (1  mm,  20  ns  resolution) 
indicate  significant  ground  state  number  densities  at  times  up  to 
an  order  of  magnitude  longer  than  the  fluorescence  from  excited 
states  in  the  laser  plume.  The  time-of-flight  absorbance  profiles 
result  in  velocity  distributions  which  are  broadened  significantly 
toward  lower  velocities  with  a  low  velocity  component  (<  10s  cm 
s-1)  to  the  ablation  process  which  is  not  observed  using  emission 
spectroscopy.  Spectrally  broadened  emission  and  absorption 
lines  are  used  to  estimate  electron,  ion  and  neutral  densities  in 
different  regions  of  the  plume.  A  correlation  of  the  absorption 
data  with  ion  probe  measurements  will  be  presented.  The 
observation  of  collisions,  detection  of  YO,  BaO,  and  CuO,  and 
the  effects  of  oxygen  background  pressure  as  measured  by  the 
absorption  technique  will  also  be  discussed.  The  application  of 
this  technique  as  an  in  situ  monitor  of  the  kinetic  energy  of 
species  during  low  temperature  deposition  of  epitaxial  1:2:3 
superconducting  thin  films  will  be  described. 

'Research  sponsored  by  the  Division  of  Materials  Sciences,  U.S. 
Department  of  Energy  under  contract  DE-AC05-84OR21 400  with 
Martin  Marietta  Energy  Systems,  Inc. 

M7.194 

l.ASFR  INTFRFFROMF.TRIC  MEASUREMENT  OF  SUBSTRATU  TEM¬ 
PERATURE  DURING  GROWTH  OF  HIGH  Tt  SUPERCONDUCTOR 
FILMS  K.  L.  Sacngcr,  J.  Gupta,  J.  P.  Doyle,  R  A.  Roy,  and  JJ.  Cuomo,  IBM 
Research  Division,  T.  J  Watson  Research  Center,  P  C)  Box  2 1 R,  Yorktown 
Heights  NY  1059R. 

Substrate  temperature  during  Film  growth  is  an  important  processing  parameter  for 
vapor  deposited  films  of  the  high  T,  superconductors.  Required  substrate  temper¬ 
atures  reported  for  "superconducling-as-dcpositcd"  films  arc  in  the  range  of  400  - 
700”C,  with  the  lower  temperatures  corresponding  to  increasing  oxygen  availabil¬ 
ity,  In  this  presentation  we  describe  a  novel,  non-contact  optical  thermometry 
technique  in  which  the  temperature  of  a  transparent  substrate  is  determined  from 
its  laser  intcrferometrically  measured  thermal  expansion.  The  technique  is  easy  to 
implement  and  extremely  accurate.  Temperatures  measured  with  this  technique 
are  reported  for  MgO  ( 100)  and  YSZ  substrates  and  compared  to  those  measured 
conventionally  by  optical  pytometry  or  thermocouples  in  close  proximity  to  the 
sample.  The  effect  of  the  deposited  film  on  the  actual  and  apparent  substrate 
temperature  will  also  be  discussed. 

M7.195 

HIGHLY  ORIENTED  SUPERCONDUCTING  Bi-Sr-Ca-Cu  OXIDE 
THIN  FILMS  BY  THE  SOLUTION  SOL-GEL  PROCESS. 

P.  Ravindranathan  ,  S.  Komameni  ,  A.S.  Bhalla  ,  and  R.  Roy,  Materials 
Research  Laboratory, The  Pennsylvania  State  University,  University  Park 
PA  16802. 

Reproducible  synthesis  of  homogeneous  superconducting  Bi-Sr-Ca-Cu 
oxide  films  is  essential  to  the  development  of  high  Tc  superconductive 
devices.  Highly  oriented  B^S^CaCujOg+g  films  were  prepared  on  MgO 
and  SrTiOj  substrates  by  the  solution  sol-gel  (SSG)  method  .  A  multiple 
sol  of  the  superconductor  was  prepared  using  bismuth  nitrate,  copper 
acetate  ,  strontium  and  calcium  metals.  The  sol  was  coated  on  the  substrates 
by  spin  casting  and  calcined  at  different  temperatures.  Films  calcined  at 
870  C  for  10  minutes  showed  the  formation  of  the  superconducting  phase 
with  preferential  orientation  along  C-axis  .  These  films  were  characterized 
by  X-ray  powder  diffraction  ,  scanning  electron  microscopy  and  resistance 
measurements.  The  resistance  measurement  showed  the  onset  temperature 
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was  90  K  for  a  film  coated  on  MgO  substrate.  The  details  of  the 
superconducting  film  preparation  by  SSG  processing  will  be  discussed. 

M7.196 

THE  USE  OF  BaFz  BUFFER  LAYERS  FOR  THE  SPUTTER-DEPOSITION 
OF  TICaBaCuO  THIN-FILM  SUPERCONDUCTORS.  KM  Hubbard3. 
P.N.  Arendt*.  E.J.  Peterson'*.  G.A.  Reeves*,  N.E.  Elliott*,  D.W. 
Cookec,  D.R.  Brown**,  and  M.  Nastasi*,  Los  Alamos  National 
Laboratory,  Los  Alamos,  NM. 

Results  have  shown  that  Tl-based  superconducting  films  with 
a  thickness  of  less  than  one  micron  often  have  poor  electrical 
properties  because  of  film-substrate  interdiffusion  during  the 
annealing  process.  In  an  effort  to  improve  the  properties  of 
thin  films,  we  have  experimented  with  the  use  of  BaF2  buffer 
layers  as  a  diffusion  barrier.  Thin  films  of  TICaBaCuO  have 
been  grown  by  dc  magnetron  sputtering  onto  YSZ,  MgO,  and 
Ag  substrates,  both  with  and  without  a  spin-deposited  BaF2 
buffer  layer.  Films  were  also  deposited  on  SrTi03  for  use  as  a 
reference.  The  composition  of  the  films,  and  the  degree  of 

interdiffusion,  were  determined  by  high-energy  elastic 
backscattering  analysis.  Electrical  properties  were 
determined  by  both  four-point  probe  and  eddy-current 
measurements.  In  addition,  structural  analysis  was  performed 

on  selected  samples  by  XRD  and  TEM.  The  results  indicate  that 
the  use  of  Bal=2  buffer  layers  can  significantly  improve  the 
electrical  properties  of  TICaBaCuO  thin-film  superconductors. 

a:Materials  Science  and  Technology  Division 
b:Exploratory  Research  and  Development  Center 

c:Meson-Physics  Facility 

d:Mechanical  and  Electrical  Engineering  Division 

M7.197 


AS-GROWN  SUPERCONDUCTIVITY  OF  Bi-SYSTEM  THIN  FILMS 
PREPARED  BY  MAGNETRON  SPUTTERING  WITH  Pb  DOPED 
THREE  TARGETS:  (Bij  6 Pb0  4 ) j  +a(SrCa) 2Cu30x , 

(Bi,  6PbQ  4)>(SrC8)2  '  Cu30  and 
(Bi/^Pbq  4li(SrCa'2^u3-tx^x  (a-0.5,  b»l .  c-1.5) 
Ken'ichi  Kuroda,  Masami  Taniokifj  KlTzuyCrsfyi— Ko ji«a ,- 
and  Koichi  Hamanaka,  Cent.  Res.  Lab.,  Mitsubishi 
Electric  Corp.,  Tsukaguchi,  Amagasaki,  Hyogo, 

JAPAN 


It  was  demonstrated  that  high  quality  oxide 
superconducting  thin  films  of  both  BiSrCaCuO* ' * ' 
and  YBaCuO'**  were  grown  by  the  multi-target 
sputtering  method  with  calcined  targets. 

In  this  paper,  we  report  on  the  as-grown  Bi-system 
thin  films  prepared  with  Pb  doped  three  targets. 
These  three  targets  were  simultaneously  discharged 
and  the  heated  MgO(lOO)  substrate  was  rotated 
above  these  targets.  The  staying  time  on  each 
target  was  adjusted  to  precisely  controle  the 
chemical  composition  of  the  film.  The  thickness 
of  the  film  was  100  nm.  For  the  optimized  sample, 
the  surface  of  the  film  was  as  smooth  as  the 
surface  of  Ref.l.  The  c  axis  of  the  film  was 
3.74nm  and  highly  oriented  normal  to  the 
substrate.  The  zero  resistivity  was  obtained  at 
72  K  in  a  as-grown  state.  From  the  ICP  analysys, 
none  of  Pb  was  detected  in  the  film  grown  at 
650°C . 

REFERENCES 

1)  K.Kojima,  K.Kuroda.  M.Tanioku  and  K. Hamanaka, 

J pn. J. Appl .Phy e.28( 1 989)L64  3.  2)  K.Kuroda,  et  al., 
to  be  published  in  Jpn.J.Appl.Phys.  3)  K.Kuroda, 
et  al.,  to  be  publiahed  in  Jpn.J.Appl.Phys. 


M7.198 

EVALUATING  THE  CHEMICAL  COMPATIBILITY  OF  POTEN- 
TIAL  SUBSTRATE  MATERIALS  FOR  Bi-Sr-Ca-Cu-0  FILMS.* 
p  f  Willi. m«  M.M.Matthiesen,  D.A.  Rudman,  Department  of  Mate¬ 
rials  Science  and  Engineering,  MIT,  Cambridge,  MA  02139. 


Most  of  the  recently  discovered  high  Tt  oxide  superconductors  react 
with  technologically  important  substrate  materials  used  in  thin  film 
applications.  In  particular,  the  BijSrjCaCujO*  (BSCCO)  supercon¬ 
ductor  is  chemically  incompatible  with  AljOj,  Si  and  SiOj.  In  order  for 
BSCCO  to  be  commercially  useful,  compatible  substrates  must  be  iden¬ 
tified.  Because  thin  films  studies  are  not  suited  for  quickly  surveying 
a  large  number  of  materials,  this  investigation  uses  powder  processing 
methods.  Candidate  substrates  that  were  investigated  include  metals 
such  as  Ag  and  Ta  and  insulators  such  as  YjO,  and  Zr02.  Pressed 
peUets  containing  50  vol.  %  of  the  substrate  material  and  50  vol.  % 
of  BSCCO  powders  were  sintered  at  850°  C  in  air  for  up  to  four  days. 
Chemical  compatibility  was  then  evaluated  using  SQUID  magnetome¬ 
ter,  x-ray  diffraction,  and  SEM  characterization  techniques.  The  valid- 
ity  of  this  technique  was  verified  by  conducting  experiments  with  Al,Os, 
which  is  known  to  be  incompatible  with  BSCCO,  and  MgO,  which  is 
known  to  be  compatible.  Other  investigations  using  this  method  have 
shown  that  Ag  is  chemically  compatible  with  BSCCO,  while  Ta  is  not. 
The  results  of  investigations  of  Y2Os  and  Zr02,  silicide  compounds 
(which  are  compatible  with  Si),  and  gallate  compounds  (which  exhibit 
low  microwave  losses)  will  also  be  reported. 


•Research  supported  by  the  U.S.  Army  Strategic  Defense  Command 
through  Babcock  and  Wilcox. 

M7 . 199 

im  c  1  -r  it  GROWTH  OF  SUPERCONDUCTING  B  i  -  Sr-Ca-CuO 
FICUS BY ACTIVATED  REACTIVE  CO-EVAPORATION. 
IHlVnsLika*a  T  Satoh.  N.  Sasak,  and  U.  Nakano 
firf]  Tsu  Ltd..  1015  Kamikodanaka  Nakahara-ku. 
Kawasaki.  211.  JAPAN 

ln-situ  growth  of  superconducting  B i -Sr-Ca-Cu-0 
hin  l»s  have  been  successfully  realized 
oiS  reproducibility.  The  obta.ne  U.s  had  a 
Tc(onset)  of  90K  and  a  Tc(zero)  of  45K. 

The  films  were  fabricated  using  activated  co- 
eSaporaUon  technique.  The  fl  1»  th  i  ckness  was 
from  700  to  1  000  A  -  The  “  *  c.h  1  "J e.  vh  *h  Sp  \  .  S 
electron-beam  guns,  two  re s , s t.v e 1 yhe ated 
boats  and  rf  power  supply.  Bi202  and  SrF«  were 
evaporated  from  EB  guns.  Cu  and  Ca  metal  were 
evaporated  from  r e s  i  s t  i  v e  1  y  he  a t e d  boa ts 
Oxygen  gas  was  directly  introduced  onl° 
substrate.  A  plasma  was  generated  between  the 

evaporation  sources  and  the  ,s “V ” Vh^  Vwas 
power  supply  to  enhance  oxidation.  The  F  was 

not  detected  in  the  film  from  E®x  analxs  ;he 
SrFi  was  dissociated  by  the  rf  plasma.  The 
substrate  temperature  during  deposition 
68  0  *C  .  and  growth  rate  was  0.  2  A  /s. 
evaporation  of  B i  from  growing  film 
suppressed  by  using  Bi20j  as  a  source. 

The  film  on  (lOO)MgO  s u b s t r a t e  s bowed  t he 

orientation  with  the  c-axis  P®  r.p** d  *  f  k  i  J  i  lm  «s 
film  surface.  This  indicates  that  he  f  m  was 
epitaxially  grown.  The  surface  of  the  film  was 
much  smoother  than  that  of  the  films  fabricated 
with  post-annealing. 


wa  s 

Re- 
w  a  s 
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M7.200 

HIGH-TC  SUPERCONDUCTING  Bi-(Pb-)Sr-Ca-Cu-0  FILMS 
DEPOSITED  BY  PULSED  Nd:YAG  LASER  ABLATION. 

J.  Levoska,  J.  Hagberg,  P.  Pusa,  A.  Uusimdki  and  S. 
LeppSvuori,  Microelectronics  and  Material  Physics 
Laboratories,  University  of  Oulu,  SF- 90570  Oulu,  Finland 

High  Tc  superconducting  Bi-(Pb-)Sr-Ca-Cu-0  thin  films 
were  made  on  MgO  using  laser  ablation  deposition.  A 
pulsed  beam  from  the  NdrYAG  laser  at  1064  or  532  nm 
was  scanned  over  a  sintered,  high  Tc  superconducting 
target.  The  target  materials.  BlSrCaCuoOy  ana 
compositions  near  Bl2.xPbvSr2Ca2Cu3.K<Oy  (xs0.6.  dS0.6) 
made  by  the  mixed  oxide  route,  had  zero  resistivity 
temperatures  of  80  -  82  K  and  101  -  105  K. 
respectively.  Films  were  deposited  on  MgO  (100)  single 
crystal  substrates  at  room  temperature.  The  amorphous 
films  were  crystallized  by  annealing  at  850-920  °C 
followed  by  slow  cooling.  The  effects  of  laser  parameters 
and  annealing  conditions  were  investigated.  The  films 
were  studied  by  XRD.  SEM,  EPMA  and  resistivity 
measurements. 

The  chemical  composition  of  the  as-deposited  films  were 
found  to  correspond  with  those  of  the  target  materials. 
The  best  films  containing  no  Pb  were  obtained  by 
allowing  the  film  to  melt,  followed  by  a  long  annealing 
below  the  solidus  temperature.  These  films  consisted 
mainly  of  the  2212  phase  and  had  Tc  (midpoint)  at  81  K 
and  zero  resistivity  at  77  K.  The  best  Pb  doped  films 
were  annealed  near  850  °C  and  they  consisted  mainly  of 
the  2223  phase.  These  films  had  TV  (midpoint)  at  107  K 
and  zero  resistivity  at  100  K.  The  superconducting 
phases  in  the  annealed  films  were  strongly  oriented  with 
their  c-axes  perpendicular  to  the  substrate  surface. 


M7.201 

IN  SITU  REACTIVE  SPUTTER  DEPOSITION  OF 
SUPERCONDUCTING  Bi-Sr-Ca-Cu-O  THIN  FILMS  ON  SILICON 
SUBSTRATES.  M.  Miqliuolo.  D.W.  Grave,  T.E.  Scblesinoer, 
Carnegie  Mellon  University.  Pittsburgh  PA  15213,  J.A. 
Brewer,  R.M.  Belan,  Kurt  J.  Lesker  Company,  1515 
Worthington  Ave,  Clairton  PA  15025 


Thin  films  of  the  Bi-Sr-Ca-Cu-0  (BSCCO)  superconductor 
have  been  fabricated  on  silicon  substrates  by  in  situ 
reactive  magnetron  sputtering.  Superconducting  films  of 
thickness  less  than  1  urn  were  obtained  by  simultaneous 
sputtering  from  Bi,  Sr/Ca,  Sr/Cu  and  Ca/Cu  targets. 
These  targets  are  mounted  in  a  cluster  of  four  Torus* 
sources  in  a  Kurt  J.  Lesker  Supersytem  III.  The  effects 
on  composition  of  partial  oxygen  pressure,  substrate 
temperature,  and  relative  target  power  levels  have  been 
studied  in  detail  in  order  to  allow  for  the  selective 
deposition  of  the  two  higher  temperature  phases  of  the 
BSCCO.  Film  composition  was  determined  by  energy 
dispersive  x-ray  fluorescence  spectroscopy  and  film 
texture  and  morphology  were  investigated  by  x-ray,  TEM, 
and  SEM  techniques.  Superconductor-substrate 
interactions  occuring  at  higher  substrate  temperatures 
were  minimized  by  the  use  of  magnesium  oxide  and  yttria 
stabilized  zirconium  oxide  buffer  layers.  The  buffer 
layers  were  deposited  in  the  same  deposition  system 
from  a  Torus®  source,  and  crystallized  in  situ. 


The  pulsed  laser  deposition  method  was  used  to 
prepare  Bi  based  thin  films  with  high  temperature 
processing.  The  composition  of  the  targets  (2212, 
2223  and  Pb  doped  2223)  can  be  reproduced  in  the 
films  up  to  temperature  after  which  the  compound 
begins  to  decompose.  It  was  found  that  the 
deposition  temperature  is  very  critical  for  the 
formation  of  Bi  based  superconducting  thin  films. 
The  2212  phase  is  easily  formed  unlike  the  2223 
phase.  The  onset  of  the  superconductivity  in  2223 
phase  is  about  110  K  while  the  transition  width  is 
very  wide.  He  will  present  the  superconducting 
properties  obtained  from  the  thin  films  prepared 
under  different  oxygen  pressure  and  temperature. 
The  detailed  characterization  (X-ray,  RBS  and  SEM) 
results  of  the  films  will  be  also  presented. 

M7.203 

THERMAL  EXPANSION  OF  YBa-Cu-O  .  G^A_.Ramada2s , 

V . Ramachandran  and  R.Srinlvasan  Department  of 
Physics,  I.I.T.,  MADRAS  600  036,  India. 

The  variation  of  linear  thermal  expansion 
coefficient  ,  of  the  single  phase  high 

temperature  superconductor  YBa2Cu302  with 

temperature  has  been  studied  using  theJ  Fizeau'B 
optical  inteference  method  in  the  temperature 
range  85  to  300  K.  Effect  of  oxygen  deficiency 
on  thermal  expansion  has  also  been  studied  by 
quenching  the  superconducting  materials  from 
high  temperatures  (600*  C)  and  repeating  the 
experiments.  The  linear  thermal  expansion 
coefficient  was  found  to  decrease  with  decrease 
in  temperature.  But  there  seems  to  be  an 
anamoly  in  this  behaviour  at  about  220  K  which 
is  reproducible.  When  the  samples  were  rendered 
non-super  conducting  by  quenching  from  high 
temperature  this  anomaly  was  found  to  be  more 
pronounced.  It  is  interesting  to  note  that  some 
anamolies  were  reported  in  the  literature  in  the 
measurroents  of  specific  heat, lattice 
parameters, attenuation  of  sound  and  sound 
velocity  at  about  220  K  on  YBa^Cu^Oy . 

M7.204 

THIN-FILM  DEPOSITION  AND  TRANSPORT  IN  2223  Bi-Sr-Ca- 
Cu-O.  .1  T  Kucera.  D.G.  Steel,  J.M.  Graybeal,  T.P.  Orlando,  and 
D.A.  Rudman;  MIT,  Cambridge,  MA. 


We  have  reproducibly  prepared  thin  films  of  Bi-Sr-Ca-Cu-0  with  Tc 
i  105K.  Depositions  were  done  at  ambient  temperature  with  a 
subsequent  post-deposition  anneal,  and  did  not  include  lead 
substitution.  X-ray  deration  data  indicates  a  majority  fraction  of 
the  2223  phase.  These  films  possess  very  large  grains  of  the 
order  of  20-30  pm  in  size.  Post-deposition  annealing  conditions 
are  a  sensitive  function  of  composition.  Detailed  transport 
measurements  as  a  function  of  temperature  and  magnetic  field 
have  been  obtained. 


M7.202 

IN-SITU  AND  POST  ANNEALED  SUPERCONDUCTING  THIN 
FILMS  OF  BiSrCaCuO  BY  PULSED  LASER  DEPOSITION.  Xu. 
Dl Domenico,  and  X.  D.  Hu,  Physics  Department, 
Rutgers  University,  Piscataway,  NJ  06854,  T. 
Venkatesan,  Bellcore,  Red  Bank,  NJ  07701 

Three  different  superconducting  phases  have  been 
found  in  the  Bi  based  oxide  system.  The 
intergrowth  of  high  and  low  T_  phases  makes  the 
prepararation  of  a  pure  high  T^  phase  difficult. 
So  far,  there  are  no  reports  about  in-situ  growth 
of  good  high  Tc  (110  K)  films. 


M7.205 

CRITICAL  CURRENT  DENSITY  MEASUREMENTS  OF  LASER 
DEPOSITED  SUPERCONDUCTING  THIN  FILMS.  C.B.  Lee,  A.K. 
Singh,  R.  K.  Singh,  and  J.  Narayan,  Department  of  Materials  Science  and 
Engineering,  North  Carolina  State  university,  Raleigh,  N.C.  27695-7916. 

Transport  critical  current  density  (JCt)  measurements  were  performed  on 
epitaxial  and  textured  RBaiO^Oy  (R  -  Y.  and  Ho)  superconducting  thin 
film,  deposited  by  pulsed  laser  evaporation  technique  (X»308nm,  t-45ns). 
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Epitaxial  films  by  lattice  matching  (SrTi03,  UAIO3,  KTaCty,  and  planar 
matching  (YSZ),  and  textured  thin  films  on  lattice  mismatched  substrates 
(MgO,  Si)  were  fabricated  by  this  technique  at  low  processing  temperatures 
ranging  between  500-650  #G  Various  models  used  to  explain  the  critical 
current  density  data  as  a  function  of  temperature  will  be  presented.  The  role 
of  flux  creep  and  SNS  behavior  in  controlling  the  critical  current  densities 
was  investigated.  The  effect  of  Ag-doping  in  YBa2Cu3C>7  on  the  critical 
current  will  also  be  presented  as  intergrain  or  intragrain  phenomena. 


Part  of  this  research  has  been  sponsored  by  the  Office  of  Energy  Systems 
Research ,  the  Division  of  Energy  Conversion  and  Utilization  Technologies 
(ECUT)  programs,  under  subcontract  number  19X-4337  C,  and  the  U.S. 
Department  of  Energy,  Martin  Marietta  Energy  Systems,  Inc. 

M7.206 

THE  DETERMINATION  OF  OXYGEN  STOICHIOMETRY 
OF  HIGH  TEMPERATURE  SUPERCONDUCTING  THIN 
FILMS  BY  NUCLEAR  SCATTERING  OF  3  MEV  PROTONS 
ON  OXYGEN.  H.-S.Jin  and  T.Yan,  Depatment  of  Physics, 
Brooklyn  College  of  The  City  University  of  New  York, 
Brooklyn,  NY  11210. 


A  simple  method  is  presented  to  measure  the  oxygen 
stoichiometry  of  high  temperature  superconducting  thin  films. 
It  is  an  undestructive  and  absolute  method,  and  as  simple  as 
tranditional  RBS  techniques.  By  using  the  nuclear  scattering  of  3 
MeV  protons  on  oxygen,  the  relative  sensitivity  to  oxygen  has 
been  enhanced.  By  taking  the  oxide  substrates  as  references,  the 
uncertainty  due  to  charge  integration  has  been  avoided  and  the 
accuracy  has  thus  been  improved.  The  accuracy  of  this  method 
simply  depens  on  the  accuracies  in  the  data  on  atomic  stopping 
power,  the  chemical  composition  of  the  substrates  and  the 
background  substraction. 

M7.207 

RE CRYSTALLIZATION  OF  NON  VACUUM  DERIVED 
BAjYCUjOj.j  FILMS.  M.  F.  No.  S.  C.  Peterson, 

M.  J.  cine.  Ceramics  Processing  Research 
Laboratory,  Massachusetts  Institute  of 
Technology,  Cambridge,  MA. 

Recrystallization  occurring  during  high 
temperature  treatment  of  superconducting  films 
is  associated  with  texture  development.  X-ray 
diffraction  and  microscopic  examination  have 
been  used  to  detail  the  microstructural 
development  within  BajYCUjO^.  films  for  several 
processing  conditions.  Conditions  that  favor 
grain  growth  includes  partial  melting  followed 
by  recrystallization  at  lower  temperatures.  In 
these  films,  partial  melting  is  induced  by  rapid 
thermal  annealing  at  a  temperature  slightly 
above  the  peritectic  melting  temperature  of 
Ba;YCu,Oj ...  Short  firing  duration  prevents 
segregation  of  liquid  and  permits 
recrystallization  of  the  correct  phase  at  920 ‘C. 


Grains  grow  to  the  thickness  of  the  film  through 
repeated  cycles  of  partial  melting  and 
recrystallization. 

M7.208 

TWO  NON-CONTACT  TECHNIQUES  FOR  CHARACTERIZATION  OF 
THIN  FILMS  OF  YBCO.  C.A.  Weiss.  W.L.  McLean  and 
X.D.  Wu,  Physics  Department,  Rutgers  University, 
Piscataway,  NJ  08854;  j.  Barner  and  T.Venkatesan, 
Bellcore,  Red  Bank,  NJ  07701. 


Present  research  efforts  in  high  Tc 
superconducting  thin  films  have  necessitated  the 
need  for  non-contact  techniques  for  film 
characterization.  Two  complementary  techniques 
ideal  for  this  purpose  are  the  magnetically 
modulated  microwave  absorbtion  (MAMMA)  technique 
utilizing  an  ESR  spectrometer  and  an  AC 
magnetization  technique. 

We  are  using  both  these  techniques  to  examine  the 
properties  of  multilayer  thin  films  of  YBCO  and  Pr 
alloyed  YBCO.  The  MAMMA  technique  is  less  subject 
to  shielding  effects  and  is  better  suited  for  the 
study  of  multilayers  as  opposed  to  AC 
susceptibility  measurements.  Measurements  on  thin 
films  made  by  both  techniques  would  be  compared  to 
illustrate  their  advantages  and  shortcomings. 

M7.209 

STRUCTURAL  AND  SUPERCONDUCTING  PROPERTIES  OF 
YBCO  THIN  FILMS  ON  Zr(Y)Oz  SUBSTRATES.  JL. 

Li  ,  G.  Linker,  J.  Geerk,  O.  Meyer,  and  X.  X. 

Xi*,  Kernforschungszentrum  Karlsruhe, 

Institute  fuer  Nukleare  Festkoeperphvsik,  P. 

O.  Box  3640,  D-7500  Karlsruhe,  FRG ;  ^Physics 
Department,  Rutgers  University,  Piscataway, 
NJ08854 

The  growth  feature  of  YBCO  thin  films  on 
(100)  and  randomly  cut  single  crystal  Zr(Y)02 
substrate  produced  by  hollow  cathode 
magnetron  sputtering  was  studied  by  He  ion 
channeling  and  X-ray  diffraction  measurement. 

In  both  cases  films  with  Tp0  about  90  K  and 
c-axis  perpendicular  to  the  surface  were 
obtained.  However,  the  films  on  randomly  cut 
substrates  showed  no  channeling  effects 
whereas  those  on  (100)  substrates  revealed 
good  channeling  behaviors  with  a  value 

of  10%  and  a  standard  deviation  of 
crystallite  misorientation  of  0.1°.  Detailed 
studies  of  inclined  channeling  effects 
indicated  that  the  crystal  planes  of  YBCO 
films  were  azimuthally  adjusted  with  a 
rotation  of  45°  about  the  substrate  normal  in 
order  to  reduce  the  lattice  mismatch  between 
YBCO  and  (100)  Zr(Y)02  substrate.  The 

critical  current  density  of  filjns  on  the 
(100)  substrates  was  2xl06  A/cm2  at  77  K 
which  was  one  order  of  magnitude  higher  than 
that  for  films  on  randomly  cut  substrates. 

M7.210 

ANNEALING  BEHAVIOR  OF  Ba2YCu3+,07+y  THIN  FILMS 
T  Sipyrist  and  E.  Coleman,  AT&T  Bell  Labs,  Murray  Hill,  NJ 
07074. 

The  annealing  behavior  of  Ba2YCu3+I07+y  films  grown  by  coeva¬ 
poration  of  BaFj,  Y  and  Cu  on  SrTi03  has  been  studied  as  a  func¬ 
tion  of  temperature.  Upon  annealing  at  temperatures  below 
800’  C,  the  phase  forming  first  is  BajYCu^Og,  independent  of  the 
starting  stoichiometry.  Higher  temperatures,  above  approximately 
825'  C  are  needed  for  Ba2YCu307  to  crystallize.  Attempts  to 
grow  ordered  intermediate  phases  between  Ba2YCu307  and 
BajYCugOg  are  in  progress. 
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M7.211 

PROPERTIES  OF  THIN  FILMS  OF  YBa2Cu307  PREPARED 

BY  COEVAPORATION  OF  Y,  Cu  AND  BaF2.  I_. JL. 

Raistrick.  D.  N.  Sinha,  F.  H.  Garzon,  J.  G. 
Beery  and  D.  K.  Wilde.  Los  Alamos  National 
Laboratory,  Los  Alamos,  NM. 

We  have  prepared  films  of  YBa2Cu307  on  single¬ 
crystal  substrates  of  SrTi03  and  LaGa03  by  e- 
beam  coevaporation  of  Y  and  Cu  metals  and 
thermal  evaporation  of  BaF2 .  The  properties  of 
the  films  have  been  studied  as  a  function  of 
substrate  material,  thickness  and  post¬ 
deposition  anneal  conditions.  The 

microstructure  consists  of  a  layer  of  strongly 
c-axis  oriented  material  close  to  the  interface 
and  a  less  dense  layer  of  a-axis  oriented 
material  on  the  free  surface.  Considerable 
variation  in  the  grain  size  and  the  orientation 
of  the  film  can  be  achieved  by  varying  the  film 
thickness  and  anneal  temperature  and  time.  The 
best  films  have  critical  currents  in  excess  of 
1  MA/cm2  at  65  K  in  zero  field  and  0.1  MA/cm2 
in  7  T.  We  have  also  measured  the  surface 
resistance  of  the  films  at  22  GHz.  Films  on 
LaGa03  have  measured  Rs  as  low  as  0.2  mOhm  at  4 
K;  films  on  SrTi03  are  an  order  of  magnitude 
less  good.  The  current-voltage  relations  and 
the  dependence  of  Jc  on  threshold  voltage  and 
temperature  have  been  analyzed  in  terms  of  a 
weak  link  array  and  flux  creep  models. 

M7.212 

EFFECT  OF  BUFFER  LAYERS  ON  THE  SUPERCONDUCTING 
PROPERTIES  OF  YBCuO  FILMS  ON  METALLIC  SUBSTRATES. 
S.  Witanachchi.  J.  Chang,  Y.  2.  Zhu,  S.  Patel  and 
D.  T.  Shaw,  Institute  on  Superconductivity,  State 
University  of  New  York  at  Buffalo,  Bonner  Hall, 
Buffalo,  NY  14260 

Plasma  assisted  laser  deposition  technique  has 
beer,  used  to  grow  as-deposited  YiBa2Cu3C>7_x  films 
on  metallic  substrates-stainless  steel  and 
hastelloy  (Ni-Co-Cr-Mo) .  Low  deposition 
temperature  reduces  the  interfacial  diffusion  and 
thereby  improves  the  superconducting  properties. 
Films  deposited  directly  on  the  metallic  foils 
show  critical  temperatures  around  79K  and  critical 
currents  around  2  x  103  A/cm2  at  40K.  Critical 
currents  have  been  moved  to  the  105  A/cm2  range  by 
incorporating  laser  evaporated  Ag,  MgO,  BaTi03  and 
MgAl204  buffer  layers.  Superconducting  properties 
and  microstructures  of  these  films  will  be 
discussed. 

M7.213 

INTERFACES  IN  THIN  FILM  HIGH-TC  SUPERCONDUCTORS. 
Lisa  A.  Tictz.  M.  Grant  Norton  and  C.  Barry  Carter,  Department  of 
Materials  Science  and  Engineering,  Cornell  University,  Ithaca,  NY 
14853. 

Both  homo-  and  hetero-  phase  boundaries  play  important  roles  in 
determining  the  properties  of  superconducting  thin  films.  Several  studies 
have  suggested  that  grain-boundary  structure  and  composition  define  the 
wealc-link  behavior  of  individual  grain  boundaries.  Previous  work  has 
shown  that  oriented  Y-Ba-Cu-0  thin  films  can  contain  large  numbers  of 
coincident  site  lattice  (CSL)  type  tilt  boundaries.  The  film-substrate 
interface.in  turn, controls  epitaxy  and  can  be  a  region  of  significant 
compositional  variation  in  the  film. 

Grain  boundaries  and  film-substrate  interfaces  in  thin  film  Y-Ba-Cu-0 
high-Tc  superconductors  have  been  studied  using  transmission  electron 
microscopy  (TEM)  and  energy  dispersive  x-ray  spectroscopy  (EDS).  The 
films  were  grown  on  (OOl)-oriented  Y,0, -stabilized  ZrO:  (YSZ)  single  - 
crystal  substrates  either  by  electron  beam  coevaporation  of  the  metals  or 
by  laser  evaporation  from  stoichiometric  bulk  samples.  The  film 
microstructure  was  characterized  in  both  plan- view  and  cross-section. 


Particular  attention  has  been  paid  to  the  effects  of  film  annealing  since 
degradation  of  properties  of  Y-Ba-Cu-0  films  is  known  to  occur  due  to 
reaction  between  film  and  substrate.  Observation  of  as-deposited  films 
have  shown  a  Ba-enriched  intermediate  layer,  5nm  thick,  at  the  film- 
substrate  interface.  The  prepared  films  were  subjected  to  low  temperature 
heat  treatments  in  air  for  various  times  and  the  effects  of  this  treatment  on 
the  interfacial  regions  determined. 

M7.214 

OXYGEN  RESONANCE  STUDY  IN  YBaCuO  HIGH-Tc  FILMS. 
Hiroki  Knwano*.  Jian  Li,  Peter  Revesz,  James  W.  Mayer,  Materials 
Science  and  Engineering,  Cornell  University,  Ithaca  NY14853-1501,  Ya- 
suhiro  Nagai,  NTT  Applied  Electronics  Labs.,  Musashino,  Tokyo  180 
JAPAN. 

The  160(o,or)160  elastic  resonance  near  3.045  MeV  has  been  applied 
to  quantify  oxygen  concentrations  in  thin  RF-sputtered  YBaCuO  high- 
Tc  films.  A  series  of  resonance  RBS  spectra  corresponding  to  oxygen 
concentrations  at  different  depth  can  be  obtained  by  varying  the  inci¬ 
dent  energy'  from  3.043  MeV  to  above  3.160  MeV.  This  non  destructive 
method  has  been  proved  to  be  powerful  in  determing  oxygen  concen¬ 
trations  in  YBaCuO  films.  RUMP  computer  simulation  program1  was 
used  to  evaluate  the  mesured  spectra.  Good  agreement  between  the 
experiment  and  theoretical  data  was  found. 

The  correlation  between  resisitivity  and  composition  change,  espe¬ 
cially  near  the  interfaces  of  YBaCuO  films  and  sputtered  MgO  films, 
was  investigated  after  annealing  at  900  °C,  850°C,  800  °C,  750  °C,  and 
700  °C.  Big  composition  change  near  the  interface  between  YBaCuO 
films  and  sputtered  MgO  films  deposited  on  Si  substrate  was  found 
after  annealing  at  900  °C  in  oxygen  ambient.  The  YBaCuO  film,  de¬ 
posited  on  sputtered  MgO  buffer  film  on  Si  substrate  and  then  annealed 
at  850  °C,  showed  superconductivity,  while  the  films  annealed  at  the 
other  temperatures  didn’t  show  superconductivity. 

1.  B.Blanpain,  P.Revesz,  L.R.Doolittle,  K.H.Purser  and  J.W. Maver, 
Nucl.  Instr.  and  Meth.  in  Phy.  Res.B34  (1988)  459. 

‘Permanent  Address:  NTT  Applied  Electronics  Labs.,  Nippon  Tele¬ 
graph  and  Telephone  Corporation,  Musashino,  Tokyo  180  JAPAN 

K7.215 

LINE  BROADENING  ANALYSES  OF  VARIOUSLY  PREPARED  YBaCuO 
SUPERCONDUCTING  FILMS.  M.  Ece  and  R.W.  Vook,  Physics 
Department ,  Syracuse  University,  Syracuse,  N.Y . 13244-1 130 
and  John  P.  Allen,  CVC  Products,  Inc.,  Rochester,  N.Y, 
14603-1886. 

Integral  breadth  X-ray  diffraction  line  broadening  from 
high  Tc  superconducting  films  having  an  (OOL)  texture  has 
been  investigated.  The  YiBa2Cu307_x  films  were  deposited 
by  rf  magnetron  sputtering  and  flash  evaporation  methods. 
Films  were  deposited  on  sapphire  (A1203) ,  MgO  and  SrTi03 
buffer  layers.  The  line  broadening  arising  in  these  films 
deposited  under  various  conditions  and  given  different 
annealing  treatments  was  studied.  Films  grown  on  SrTi03/ 
A1203  had  a  preferred  orientation  whereas  the  films 
directly  deposited  on  A1203  were  randomly  oriented.  These 
results  were  correlated  with  electrical  resistance 
measurements. 

M7.216 

CATION  INTERDIFFUSION  AT  YBCCVMgO  INTERFACES. 

M  l  anham.  J.  Mayer,  S.J.Golden,  A.G.  Evans  and  M.  Ruhle* 
Materials  Department,  University  of  California 
Santa  Barbara,  CA.  93106,  *MPI  fur  Metallforschuno, 
Stuttgart,  FGR. 

Analytical  TEM  investigation  of  YBCO  films  heat  treated  at 
950°C  for  30  minutes  on  MgO  revealed  an  interdiffusion  of  Cu 
and  Mg.  The  concentrations  of  the  cations  within  individual 
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grains  at  the  interface  were  quantitatively  measured.  Charge  and 
stoichiometric  considerations,  as  well  as,  the  similar  size  of  the 
cations  strongly  suggests  that  as  Cu  diffuses  into  Mg  lattice  sites 
in  the  substrate,  Mg  must  diffuse  into  in  the  film  (probably  Cu 
sites).  However,  our  data  show  that  their  diffusion  rates  are 
much  different  (M8°Dcu/YBCODMg=30);  which  indicates  that  the 
diffusion  mechanism  is  complicated  by  the  layered  structure  of 
the  perovskite-like  Alms.  No  impurity  segregation  was  detected 
at  the  interface.  Diffraction  study  of  several  YBCO  grains 
confirms  that  the  film  c-axis  is  oriented  perpendicular  to  the 
substrate,  but  that  the  a/b  plane  has  no  fixed  orientation, 
indicating  that  no  epitaxial  relationship  exists. 

M7.217 

MICROSTRUCTURE  OF  YBa2Cu30?  THIN  FILMS  GROWN 
ON  SINGLE  CRYSTAL  SrTiO  Siu-Wai  Chan.  D.  M.  Hwang,  and  S. 
M.  Sampere,  Bellcore,  331  Newman  Springs  Rd.,  Red  Bank,  N.1  07701 

Thin  films  of  YBajCujO,-,  on  single  crystal  SrTi03  substrates  have 
been  shown  tr  support  the  highest  critical  current  (Jc)  of  any  form  of 
this  material,  o-evaporation  of  Y,  BaF2  and  Cu,  and  annealing  in 
wet  oxygen  at  850°C  has  yielded  reproducible  films  with  critical 
current  (JC(77K)]  greater  than  5x10s  A/cm2  among  different 
laboratories.  It  is,  therefore,  important  to  examine  the  microstructure 
of  these  films  to  gain  insights  into  the  role  of  microstructure  on 
supercurrent-carrying-capacity.  YBajCu30,-(  thin  films  on  (001)  and 
(014)  SrTi03  were  prepared  and  cross-sectional  samples  were  studied 
with  transmission  electron  microscopy.  Three  types  of  orthogonally 
misoriented  YBa,Cu307_,  grains  are  observed  to  grow  on  both  (001) 
and  (014)  surfaces  of  single  crystal  SrTi03  substrates.  Specially,  these 
grains  have  their  c-axes  aligned  with  one  of  the  three  <100> 
directions  of  cubic  SrTi03.  This  ambiguity  creates  a  3-fo!d  degenerate 
epitaxy  of  YBa2Cu303_,  on  SrTi03,  which  results  in  90°-grain 
boundaries  in  the  final  YBa2Cu30,_,  thin  films.  These  boundaries 
are  perovsldte-siruciure  preserving  and  free  of  any  extraneous  phases. 
The  presence  of  extraneous  phases  elsewhere  in  the  films  did  not 
destroy  the  connectiveness  of  superconducting  materials  and  therefore, 
th  t  are  not  damaging  to  superconducting  transport. 

M7 .218 

XPS  Analysis  of  Y  -  Ba  -  Cu  -  O  and  Zr  -  O  Thin  Films 
and  Interfaces  with  Silicon  Substrates 
D.B.  Fenner.*  +  A.M.  Viano.~*~  J.B.  Boyce,  and 
G.A.N.  Connell. 

*Xerox  Palo  Alto  Research  Center,  Palo  Alto,  CA  94304. 

+  Physics  Dept.,  Santa  Clara  Univ.,  Santa  Clara,  CA  95053. 

Thin  films  of  YjBajCujOj,  Zr02,  and  related  oxides  have  been 
deposited  on  Si(100)  by  laser  ablation  deposition,  and 
characterized  by  several  techniques  including  x  -  ray 
photoemission  spectroscopy  (XPS).  Si  was  prepared  by  several 
techniques  including  thermal  and  native  oxidation,  as  well  as 
etching  and  passivation  by  hydrogen  termination.  Certain  of 
these  films  (—250  mo  thick)  have  excellent  superconducting 
properties.  Films  of  2  -  5  am  thickness,  transferred  under  dry  N2 
and  into  UHV,  allow  XPS  evaluation  of  the  thermal  and  chemical 
stability  of  interfaces  and  nearby  regions.  Even  for  5  nm  films  of 
YBCO  deposited  at  moderate  temperatures  on  15  nm  films  of 
SiOj/Si  the  Cu  2p  core  -  level  XPS  lines  are  quite  similar  to  those 


of  bulk  YBCO,  i.e.,  Cu  II.  The  Y  and  Ba  3d  lines  often  narrow  to 
single  oxidation  states  for  these  very  thin  films,  while  the  O  Is 
has  2  or  3  components. 

This  project  was  supported  in  part  by  the  NSF  (DMR— 8822353), 
and  the  Air  Force  OSR  (F49620  -  89  -  C  -  0017  -  DEF). 

M7.219 

THE  INFLUENCE  OF  THE  SUBSTRATE  SURFACE  ON  THE  NUCLEATION  AND 
GROWTH  OF  SUPERCONDUCTING  THIN  FILMS.  S.  Basn  N.  Bordes,  M. 
Cohen  and  M.  Nastasi;  Los  Alamos  National  Laboratory,  Los  Alamos  NM 
87545. 

The  quality  of  epitaxially  grown  superconducting  thin  films  are 
dependant  on  the  nature  of  the  substrate  surface.  In  this  study,  the 
surface  of  (100)  oriented  SrTi03  single  crystal  substrates  have  been 
modified  by  chemical  etching,  thermal  annealing  and  mechanical 
polishing.  The  quality  of  these  substrate  surfaces  have  been 
characterized  by  ion  beam  channeling  and  surface  profilometry.  Thin 
VBa2Cu307  superconducting  films  were  then  deposited  on  these 
substrates.  The  epitaxy  of  the  deposited  films  have  been  characterized 
by  ion  beam  channeling,  X-ray  spectroscopy  and  4-point  probe 
measurements.  The  films  have  also  been  characterized  in  cross  section 
by  transmission  electron  microscopy.  This  paper  will  present  results 
on  the  role  of  the  substrate  surface  on  the  nucleation  and  epitaxial 
growth  of  thin  superconducting  films. 

M7.220 

MICROSTRUCTURES  OF  Y123  FILMS  ON  SrT(03  AND  LaGaC>3  T,  Roy.  T.  E. 
Mitchell  and  I.  D.  Raistrick,  Los  Alamos  National  Laboratory,  Los  Alamos, 

NM  87545 

Cross  sections  of  electron  beam  deposited  thin  films  of  Y123  on  (100) 

SrTi03  and  LaGaC>3  have  been  examined  using  Transmission  Electron 
Microscopy.  The  grains  of  Y123  seem  to  align  themselves  with  the  c-axis 
either  perpendicular  to  the  interlace  or  parallel  to  the  interlace  with  the 
grains  having  the  c-axis  perpendicular  to  Ihe  interlace  forming  the  layer 
Closest  to  the  interface.  In  particular,  an  8000k  film  deposited  on  LaGa03 
which  showed  low  surface  resistance  was  observed  to  have  about  a  3000- 
4000k  layer  of  c-perpendicular  grains  and  the  rest  of  the  film  was  made 
up  of  widely  spaced  grains  in  the  c-parallel  orientation. 

The  interlaces  between  the  film  and  substrate  showed  remarkably  good 
epitaxy  although  in  some  regions  evidence  ol  other  oxide  phases  were  also 
seen  at  the  interface.  Films  subjected  to  varying  post  deposition  annealing 
treatments  will  be  compared.  Microstruclural  data  from  similar  films 
deposited  on  each  ot  the  two  substrates  will  also  be  presented  and  correl¬ 
ations  between  observed  superconducting  properties  and  corresponding 
microstructures  will  be  made. 

M7.221 

INVESTIGATION  OF  POTENTIAL  DIFFUSION  BARRIERS 
BETWEEN  YBa,Cu307_x  AND  SILICON.  A.  Lubig, 
Ch . Buchal  ana  B.  Stritzker,  Institut  fur  Schicht- 
und  Ionentechnik ,  KFA  Jvilich,  D-5170  Jiilich,  W. 
Germany 

Thin  films  of  Zr02  and  noble  metals  on  TiN  have 
been  examined  as  potential  diffusion  barriers 
between  Si  substrates  and  high  temperature 
superconductors.  As  best  result  so  far,  a  buffer 
layer  of  250  nm  Zr02  enabled  the  growth  of  a  200 
nm  film  of  YBa2Cu307_x,  which  has  been  deposited 
by  laser  ablation.  Rutherford  backscattering 
analysis  reveals  some  interdiffusion  between 
YBaCuO  components  and  the  Zr02  layer.  This  effect 
may  account  for  the  relatively  low  Tcc">f  about  60 
K  • 

Our  typical  deposition  temperature  for  YBaCuO- 
films  is  780°C.  At  this  temperature  the  buffer 
layer  combination  Si/TiN/Noble  Metal  is  stable 
under  vacuum  ambient  and  Si  outdiffusion  is 
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successfully  suppressed,  but  exposing  the  films 
to  oxygen  at  this  temperature  results  in 
catastrophic  surface  roughening  due  to  oxidation 
of  the  film. 

M7.222 

EPITAXIAL  AND  SUPERCONDUCTING  PROPERTIES  OF 
YiBa2Cu307.x  FILMS  ON  FIVE  PEROVSKITE  SUBSTRATES.* 
R.  Feenstra,  J.  D.  Budai,  S.  J.  Pennycook,  M.  F.  Chisholm,  M.  D. 
Galloway,  D.  K.  Christen,  D.  P.  Norton,  J.  W.  McCamy,  D.  H. 
Lowndes,  and  L.  A.  Boatner,  Oak  Ridge  National  Laboratory 
P.  O.  Box  2008,  Oak  Ridge,  TN  37831. 

A  comparison  is  made  between  the  epitaxial  and  superconduct¬ 
ing  properties  of  YiBa2Cu307-x  (YBCO)  films  on  LaGa03( 
NdGa03,  LaA103,  KTa03,  and  SrTi03  substrates.  One  series  of 
films,  with  varying  thickness  between  50  and  500  nm,  was  pro¬ 
duced  by  coevaporation  of  Cu,  Y,  and  BaF2,  followed  by  a  furnace 
anneal  at  800-900°C  in  wet  oxygen.  In  a  second  series,  YBCO 
films  were  grown  in  situ  by  pulsed-laser  ablation  with  maxi¬ 
mum  processing  temperatures  between  650-750°C.  By  compar¬ 
ing  trends  in  the  properties  of  the  films  as  a  function  of  thick¬ 
ness,  a  distinction  is  made  between  effects  characteristic  for  each 
fabrication  process  and  effects  specific  to  the  substrates. 

Initial  results  are  reported  for  superconducting  YBCO  films  on 
doped  KTa03  substrates:  the  semiconducting  solid  solutions 
Ki_x(Sr,Ba)xTa03  and  the  ferroelectrics  KTai-xNbx03. 

•Research  sponsored  by  the  Division  of  Materials  Sciences,  U.S.  Department  of 
Energy  under  contract  DE-AC05-840R21400  with  Martin  Marietta  Energy  Sys¬ 
tems,  Inc. 

M7.223 

THE  INTERFACE  BETWEEN  SILVER  CONTACTS  AND 
HIGH  Tc  SUPERCONDUCTORS  M  D.  McConnell  and  W.G. 
Morris,  General  Electric  Corp.  R.  and  D.,  Schenectady,  N.Y. 

Silver  diffuses  Into  the  lattice  of  YBa2Cu306  during  the  annealing 
of  silver  contacts  at  500  deg.  C.  Depth  profiles  using  Auger 
electron  spectroscopy  with  a  focused  electron  beam  show  a 
diffusion  zone  about  50  nm  deep,  as  well  as  segregation  of  Ba 
and  O  to  the  surface  of  the  contact.  There  appears  to  be  a  slight 
loss  of  silver  from  the  surface  region,  which  could  be  explained  by 
enhanced  concentration  at  grain  boundaries.  High  resolution 
SEM  analysis  of  a  fracture  surface  did  not  reveal  the  presence  of 
silver  on  the  grain  boundaries.  Further  work  correlating  diffusion 
rates  with  grain  orientation  will  be  discussed. 

M7.224 

STUDY  OF  EPITAXY  OF  YBa2Cu307-x  BY  THERMAL 
REGROWTH  OF  ION  IMPLANTED  AMORPHOUS 
LAYERS. 

J.A.  Martinez  ,  A.  Lnam  and  X.D.  Wu,  Physics  Department, 
Rutgers  University,  Piscataway,  NJ;  and  B.  Wilkens,  N.G. 

Stoffel,  D.  Hart,  D.M.  Hwang,  L.  Nazar  and  T.  Venkatesan, 
Bellcore,  Red  Bank,  NJ, 

A  1 650  A  crystalline  thin  film  of  YBa2Cu3<>7.x  pu.  „cd  laser 
deposited  on  MgO  substrate  was  irradiated  with  25  keV  oxygen 
ions  at  a  dose  of  1016  ions/cm^,  producing  a  disordered  layer  at 
the  surface  of -800  A  thick.  Using  RBS  channelling  as  well  as 
x-ray  diffarction  techniques  the  evolution  of  the  recovery  of  the 
lattice  was  studied  as  a  function  of  different  isochronal 
annealing  treatments.  No  changes  in  the  composition  of  the 


sample  for  a  one  hour  anneal  was  observed  up  to  950°  C  The 
channelling  measurements  indicate  unambigous  epitaxial 
regrowth.  The  Arhenius  plot  of  the  re  growth  fraction  obtained 
from  the  channelling  spectra  yielded  an  activation  energy  uf  the 
order  of  0.8  eV  for  the  epitaxial  regrowth  of  the  disordered 
layers.  Results  on  isothermal  anneals,  TEM  cross-sectional 
analysis  and  electronic  transport  in  these  layers  will  also  be 
reported. 

^Department  de  Fisica,  UNLP,  Argentina.  Member  of  Carrera 
del  Investigador  Cientifico,  CICPBA,  Argentina,  on  fellowship 
of  Conicet,  Argentina. 

M7.225 

VERY  LOW  RESISTANCE  ELECTRICAL  CONTACTS  TO  Tl- 
BASED  HIGH  Tc  FILMS.  J.F.  Kwak.  R.  P.  Hellmer,  T.  R. 
Castillo,  R.  Padilla,  and  D.S.  Ginley,  Sandia  National  Laboratories, 
Albuquerque,  NM  87185-5800. 

Electrical  contacts  can  be  a  limiting  factor  in  the  eventual  practical 
application,  or  even  just  the  measurement,  of  high-critical-current- 
density  samples  of  the  high  Tc  superconductors.  Tl-based  films 
present  special  problems  because:  (1)  the  highest  critical  current 
densities  h  been  obtained  with  films,  (2)  the  effective  volume  of 
contact  is  restricted  by  the  thinness  of  the  films,  and  (3)  techniques 
which  produce  good  contacts  to  "123"  materials  do  not  work  as  well 
with  Tl-based  materials. 

Here  we  report  the  results  of  contact  studies  on  n,Ca2BajCujO10 
and  TljCaBajCujOg  films.  The  best  contacts  thus  far  (resitivities 
near  10  s  tl-cm2)  have  been  obtained  by  first  backsputtering  the 
contact  area  before  sputtering  3000  A  of  Ag,  then  3000  A  of  Au. 
Other  metallurgies  tested  to  date  (Ag,  Au,  Pt,  and  Tl/Ag)  have  not 
produced  comparable  results.  However,  the  contacts  are  not  yet 
optimized,  showing  marginally  metallic  temperature  dependence 
and  a  slight  degree  of  rectification. 

Thermal  anneals  at  500-600  C  for  up  to  15  min.  have  not  been 
found  to  improve  the  contact  resistances,  perhaps  reflecting 
deleterious  effects  of  Ag  incorporation  into  the  Tl-based 
superconductor.  The  top  Au  layer  provides  a  good  bonding  surface 
and  may  serve  to  suppress  Ag  oxidation.  The  films  show  some 
damage  during  backsputter  for  contacts:  50  W  of  RF  power  for  1 
min.  in  30  /:m  Ar  increased  the  room  temperature  resistivity  p  by 
about  20%.  Lighter  backsputtering  (ie.,  in  3-5  pm  M),  which  does 
not  increase  p  and  has  been  shown  to  etch  10-20  A  from  the  film 
surface,  will  be  used  for  further  contact  studies. 

M7.226 

MEASUREMENTS  OF  SURFACE  RESISTANCE  OF  HTS  THIN 
FILMS  FROM  0.5  to  40  GHz  *  J.  Steinbeck.  RADC/EEAC.  Hanscom 
AFB,  MA  01731,  D.  E.  Oates,  and  A.  C.  Anderson  Lincoln 
Laboratory,  Massachusetts  Institute  of  Technology,  Lexington, 
Massachusetts  02173. 

Although  superconductors  have  no  dc  losses,  they  have  electrical  losses 
at  microwave  frequencies  which  are  important  for  electronic 
applications.  The  magnitude  of  the  loss  is  determined  by  the  surface 
resistance,  R„  of  the  material.  We  have  measured  R,  in  polycrystalline 
films  of  YBCO  and  BSCCO  deposited  in  our  laboratories  as  well  as 
oriented  films  made  by  other  laboratories  by  codeposition  techniques. 

The  R,  of  YBCO  and  BSCCO  thin  films  has  been  measured  in  the 
frequency  range  between  0.5  and  40  GHz  using  a  stripline-resonator 
technique.  R,  for  the  films  is  proportional  to  frequency  squared  over 
the  entire  measurement  range.  The  magnitude  of  R,  is,  however, 
strongly  dependent  on  film  micros tructu re.  Our  measurements  at  1  GHz 
and  4  K  show  that  randomly  oriented  films  have  R, »  10'3  fi  (close  to 
Cu)  while  oriented  large-grain  films  have  markedly  lower 
R,  -  2  x  10‘6  Cl,  approaching  the  R,  of  superconducting  Nb.  The 
magnitude  of  R,  rises  to  -  2  Cl  and  1 0'3  £2  at  40  GHz  for  the  randomly 
and  preferentially  oriented  films,  respectively.  An  effective  penetration 
depth,  X«ff,  has  been  determined  from  R,  using  local  electrodynamics. 
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We  find  that  X^ff  is  dependent  on  film  microstnicture  and  is  -  5  pm  far 
high-R,  films,  decreasing  to  ~  5000  A  for  low-R,  films.  The  smaller 
values  of  X«fr  calculated  for  oriented  films  with  large  grains  arc  in 
reasonable  agreement  with  values  of  the  YBCO  penetration  depth 
(-  2000  A)  reported  in  the  literature.  The  use  of  the  stripline  resonator 
technique  for  temperature  and  magnetic-field-dependent  measurements 
of  R,  will  also  be  discussed. 


♦This  work  was  supported  by  the  Department  of  the  Air  Force. 
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Electric-field  modulation  of  a  Bi-Sr-Ca-Cu-0  film  with  a 
plasma  polymerized  film  as  an  insulator.  Shin'ichi 
Morohashi,  Hiedo  Suzuki,  Kohtaroh  Gotoh,  Norio  Fujimaki 
and  Shinya  Hasuo,  FUJITSU  Limited,  10-1  Morinosato 
Wakamiya  Atugi,  JAPAN 

High-Tc  superconducting  devices  are  expected  as  future 
electron  devices.  One  of  the  technology  to  realize  these 
devices  is  to  utilize  the  field  effect  on  the 
superconducting  film.  We  must  prepare  very  thin  an!  flat 
superconducting  film  to  obtain  the  field  effect.  Thin 
insulator  without  leak  current  is  also  necessary,  we  have 
investigated  those  technologies.  We  developed  the 
fabrication  of  a  thin  Bi-Sr-Ca-Cu-O(BSCCO)  film  and  the 
thin  insulator.  The  BSCCO  film(30  nm  thickness)  was 
deposited  cn  MgO(IOO)  substrate  using  icr.  beam  sputtering 
technique.  Following  it,  the  patterning  of  this  film  was 
done  using  ion  beam  etching  technique.  The  plasma 
polymerization  using  trifluaroetane  gas  was  used  to  make 
the  insula  tor  (30  nm  thickness).  Gold  metal  was  evaporated 
and  patterned  as  a  gate  electrode. 

We  investigated  how  the  current-voltage  characteristic  of 
this  multilayered  structure  with  Au  gate/plasma 
polymerized  film/BSOOD  film  was  modulated  with  electric- 
field.  The  suppercurrent  decreased  from  5.0  A  to  3.6  A 
at  4.2  K  when  the  gate  voltage(-20  V)  was  applied  to  the 
gate  electrode.  This  behavior  is  thought  to  be  attributed 
to  the  electric-field  modulation  of  the  BSCCO  film  beneath 
the  plasma  polymerized  film,  farmed  by  the  gate  voltage. 


7000  fi/O.  This  value  is  close  to  that  predicted  by  theory  and  has 
been  previously  seen  in  low-  Tc  superconductors.  Continued  mil¬ 
ling  beyond  this  limit  results  in  semiconducting  behavior  without  a 
superconducting  transition. 

M7.229 

TRANSPORT  MEASUREMENTS  ON  SUPERCONDUCTING 
YBa2Cu307  LINES,  STEP  EDGE  STRUCTURES,  AND  ION  BEAM 
DAMAGED  LINES.  Brian  Moecklv.  Daniel  K.  Lathrop,  Gregory  F. 
Redinbo,  Stephen  E.  Russek,  R.A.  Buhrman,  Cornell  University, 
Ithaca,  NY. 

Superconducting  YBa^Cu^O-  thin  films  have  been  fabricated  by  laser 
ablation  and  high  pressure  reactive  sputtering.  Both  techniques  produce 
highly  oriented  films  with  excellent  superconducting  properties  and 
morphology  as  deposited.  The  films  deposited  on  MgO  and  SrTi03 
have  Tc 's  greater  than  85K  and  have  been  patterned  to  form  submicron 
features.  Critical  currents  and  magneto-transport  measurements  have 
been  used  to  study  film  nucleation  and  weak  link  formation  at  step  edges 
formed  by  ion  milling.  Electrical  measurements  are  correlated  with  film 
microstucture  as  seen  by  TEM  studies.  Similar  measurements  have 
been  made  to  study  the  effects  of  optical  and  e-beam  lithographic 
processing,  pattern  definition  by  ion  milling,  and  exposure  to  100- 
lOOOeV  ion  bombardment.  The  results  of  these  measurements  and  their 
implications  for  device  fabrication  will  be  discussed. 

M7.230 

CRITICAL  CURRENT  DENSITY  OF  NARROW 
SUPERCONDUCTING  THIN  FILMS  FABRICATED  BY  LASER 
ABLATION  TECHNIQUES.  L.W.  Song ■  Y.H.  Kao, 

Q.Y.  Ying,  J.P.  Zheng,  H.S.  Kwok,  Y.Z.  Zhu, 
and  D.T.  Shaw,  State  University  of  New  York  at 
Buffalo,  NY. 
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RESISTAN  -  TRANSITIONS  OF  ION-BEAM  THINNED 
YBaiCu307  FILMS  —  AN  APPROACH  TO  THE  LIMITING 
THICKNESS  OF  ONE  LATTICE  CONSTANT  A.  F.  Hebard,  R. 
H.  Eick,  T.  Siegrist  and  E.  Coleman,  AT&T  Bell  Labs,  Murray 
Hill,  NJ  07974. 

Ion  beam  milling  of  c-axis  oriented  YBa2Cu3C>7  films  is  shown  to 
give  smooth  films  which  superconduct  at  thicknesses  approaching 
a  lattice  constant  (11. 6 A).  The  milling  is  done  at  10*  grazing 
angles  with  1  keV  Xe+  ions  incident  on  a  rotating  substrate.  Van 
der  Pauw  resistance  transitions  and  SEM  micrographs  are  used  to 
characterize  the  films  at  each  successive  milling  stage.  Surface 
"basketweave"  texture,  identified  as  a-axis  oriented  material,  is 
removed  during  the  first  stages  of  milling.  The  "electrical"  film 
thickness,  proportional  to  the  reciprocal  of  the  room-temperature 
sheet  resistance,  shows  a  linear  dependence  with  milling  time,  thus 
indicating  a  uniform  rate  of  removal  of  material  with  constant 
resistivity.  The  resistance  transitions  reflect  metallic  behavior  over 
the  entire  range  of  thicknesses  for  all  films  which  attain  zero  resis¬ 
tance.  The  zero  resistance  transition  temperatures  decrease  uni¬ 
formly  with  decreasing  thickness  with  most  of  the  change  occur¬ 
ring  for  thicknesses  less  than  100A.  The  crossover  to  insulating 
behavior  occurs  at  "electrical"  thicknesses  near  10  A  with  a  tem¬ 
perature  independent  sheet  resistance  above  the  onset  of  the 
superconducting  transition  having  a  value  of  approximately 


Variations  of  critical  current  density  of  narrow 
superconducting  thin  films  as  a  function  of 
temperature  and  magnetic  field  are  investigated. 
Films  with  different  geometry  are  prepared  by 
laser  ablation  techniques.  The  width  of  narrow 
constriction  is  generally  smaller  than  100 
micrometer  and  thickness  is  less  than  200 
nanometer.  Near  Tc,  the  critical  current  density 
Jc  follows  a  (1-t)3/2  dependence,  where  t«*T/Tc. 
For  t  below  0.7,  Jc  shows  pronounced  deviation 
from  this  behavior.  In  a  magnetic  field,  Jc(H) 
decreases  monotonically ,  showing  a  higher  slope 
in  the  low  field  region  when  the  field  is  applied 
perpendicular  to  the  film  surface.  Microwave 
response  of  these  narrow  thin  films  in  a  magnetic 
field  and  changes  in  the  current -voltage 
characteristics  are  also  measured  at  different 
temperatures.  These  data  are  interpreted  in 
terms  of  anisotropy,  flux  pinning,  and  Josephson 
weak  links. 


This  research  is  supported  by  AFOSR  and  DOE. 
M7.231 

MAGNETIC  EFFECT  ON  LOW-RESISTIVITY  METAL-HIGH  TC 
SUPERCONDUCTOR  CONTACTS.  Yonhua  T  zenq ,  Mitch 
Belser,  Department  of  Electrical  Engineerinq, 
Auburn  University,  Alabama  36849. 


Low-resistivity  metal-hig 
tacts  can  be  fabricated  i 
metals  such  as  silver  and 
discovered  that  by  mixing 
ceramic  superconductor,  a 
tor  can  be  made  to  have  a 
density  as  well  as  a  very 


i  Tc  superconductor  con- 
i  a  number  of  ways  using 
gold.  It  has  also  been 
silver  with  YBa2Cu307-x 
composite  superconduc- 
higher  critical  current 
effective  flux  pinning. 


472 


When  silver  is  deposited  onto  YBa2Cu307-x  to  form 
an  electrical  contact,  the  interface  between  the 
normal  metal  silver  and  the  superconductor  behaves 
like  the  silver-superconductor  composite.  The 
flux  trapping  at  the  interface  might  cause  prob¬ 
lems  to  the  electrical  properties  of  the  contact, 
especially  after  the  contact  is  exposed  to  a  mag¬ 
netic  field.  It  means  that  it  will  take  some 
time  for  the  low  resistivity  of  the  contact  to 
recover  from  its  high  resistivity  value  after  the 
magnetic  field  is  removed.  Therefore,  a  metal 
that  does  not  enhance  the  flux  trapping  but  forms 
low-resistivity  contacts  to  superconductors  is 
desirable.  We  will  discuss  the  magnetic  effect 
on  silver-YBa2Cu307-x  superconductor  contact  as 
well  as  compare  the  silver  contacts  made  in  vari¬ 
ous  ways  with  contacts  made  by  other  metals  such 
as  gold  . 

M7.232  _ 

WET  CHEMICAL  ETCHING  OF  HIGH-TEMPERATURE 
SUPERCONDUCING  FILMS  IN  EDTA  SOLUTION.  _ 

F  K  Shokoohi ,  L.  M.  Schiavone,  C.  T.  Rogers,  A  Inam‘,  X.  D.  Wu  , 
L.  Nazar,  and  T.  Venkatesan,  Bellcore,  331  Newman  Springs  Rd., 
Red  Bank,  NJ  07701  ;  'Physics  Department,  Rutgers  University, 
Piscataway,  NJ  08854. 

Developing  suitable  microfabrication  techniques  for  thin  films  of 
high-temperature  superconducting  ceramics  is  of  great  importance  to 
realizing  the  device  potential  of  these  films.  To  date,  use  of  the 
existing  etching  techniques  have  been  limited  by  problems  such  as  very 
fast  etch  rates  (0.5  p.m/min),  non-selectivity  of  the  etch  ,  difficulty  of 
detecting  the  end-point,  and  potential  Tc  degradation  due  to  material 
deterioration  by  the  etch. 

In  this  talk,  we  present  a  wet  chemical  etchant  which  selectively 
removes  Y-Ba-Cu-O  with  a  low  etch  rate.  The  etchant  consist  of 
ethylenediaminetetraacetic  acid  (EDTA)  solutions  in  glycerol  and 
water  and  can  be  conveniently  used  in  standard  photolithography.  We 
use  laser  deposited  Y-Ba-Cu-O  films,  0.1  -  1.0  p.m  thick,  on  SrTi03  , 
BaTi03,  MgO  and  sapphire  substrates.  For  a  saturated  solution  of 
EDTA  in  water  the  process  is  reaction  limited.  The  reaction  rate  for 
the  bulk  of  the  film  is  0.14  irm/min,  at  room  temperature,  and  0.30 
(im/min  at  80“C.  A  fast  initial  etching  (0.4  jim/min)  cleans  the 
surface  of  the  film  from  porous  layers  exposing  the  solid  dense  bulk  of 
the  film.  Process  induced  Tc  degradation  is  less  than  1°K  and  no 
larger  than  the  accuracy  of  the  experimental  measurements.  Details  of 
the  processing  conditions,  the  reaction  kinetics,  and  their  effect  on  the 
morphology  and  the  physical  properties  of  the  films  will  be  discussed. 

M7.233 

CHARACTERIZATION  OF  HIGH-TEMPERATURE  SUPER¬ 
CONDUCTING  MATERIALS  IN  Y-Ba-Cu-O  SYSTEMS. 

Hiroshi  Kezuka.  Department  of  Electronics,  Tokyo 
Engineering  University,  1404-1  Katakura, 

Hachiogi,  Tokyo  192,  and  Toraomi  Masaki,  Nippon 
Electronics,  Engineering  College,  1404-1 
Katakura,  Hachioji,  Tokyo  192,  Japan 

The  Y-Ba-Cu-O  Systems  have  been  reported  with 
superconducting  transition  temperatures  (Tc)  over 
90K.  In  order  to  investigate  the  material 
characterization  in  Y-Ba-Cu-O  systems,  optical 
study  would  give  us  useful  information  for  the 
films (1)  and  bulk  materials.  The  purpose  of  this 
work  is  to  obtain  the  optical  properties  of 
Y-Ba-Cu-O  systems  as  a  surface  impedance. 

All  samples  are  characterized  by  X-ray  diffraction 
and  SEM  with  energy  dispersive  X-ray  analysis. 

In  this  paper  we  report  the  measurements  of 
optical  constants  (n*=n-jk)  of  Y-Ba-Cu-O  systems 
fo-  99.99%  (4N)-purity. 


As  a  result,  optical  constants  of  typical 
superconducting  Y-Ba-Cu-O  systems  are  n*=1.750- 
j0.326  with  Tc=90.3K  for  4N-purity. 

(1)  H.  Kezuka  et  al,  proc.  International  Conf. 
Electronic  Materials,  June  13-15,  1988,  Tokyo, 
Japan. 

M7.234 

YBa2Cu307  x  Thin-Film  tLc.  SQUIDS  with  Focused  Ion 
Beam  Fabricated  Weak-Links.  B.  Dutta,  Physics  Department, 
Middlebury  College,  Middlebury,  VT  05753;  C.  T.  Rogers, 
A.  Scherer,  and  T.  Venkatesan,  Bellcore,  331  Newman  Springs 
Rd.,  Red  Bank,  NJ;  X.  D.  Wu  Physics  Department,  Rutgers 
University,  Piscataway,  NJ  08854. 

We  are  investigating  thin-film  d.c.  SQUID  magnetometers 
fabricated  from  very  high  quality  laser  deposited  YBa2Cu30? 
(YBCO).  Because  these  films  are  non-granular,  they  display 
low  flux  noise  and  microwave  loss  and  are  thus  expected  to 
produce  low-noise  SQUID  loops.  However,  the  lack  of 
naturally  occuring  grain  junctions  requires  that  we 
intentionally  fabricate  weak-links.  At  present,  we  are 
attempting  to  fabricate  the  weak-links  using  a  focused  liquid- 
metal  Ga  ion  beam  (roughly  50  nm  spot  size)  to  thin  and 
damage  narrow  strips  of  YBCO  in  the  SQUID  loop.  Preliminary 
data  on  single  wires  indicates  that  this  process  can  be 
controlled  to  produce  good  weak-links.  We  have  designed  a 
variety  of  d.c.  SQUID  loop  inductances  and  geometries  and 
have  used  our  multi-layer  laser  deposition  capability  to 
produce  planar  thin-film  YBCO  coupling  coils  with  inductances 
ranging  from  1  to  500nH.  Such  coils,  in  conjunction  with 
controlled  weak-link  fabrication,  should  lead  to  optimized 
high-Tc  SQUID  performance. 

M7.235 

FABRICATION  AND  PROPERTIES  OF  HETERO- 
EPITAXIAL  MULTILAYER  STRUCTURES  OF  METAL- 
OXIDE  SUPERCONDUCTORS 
H.  Dorsett,  A.  Inam  and  X.  D.  Wu,  Physics  Department, 
Rutgers  University,  Piscataway,  NJ  08854;  C.  T.  Rogers  and 
T.  Venkatesan,  Bellcore,  331  Newman  Springs  Rd.,  Red 
Bank,  NJ  07701. 

For  device  applications  of  the  new  high  Tc  superconductors, 
we  have  demonstrated  a  variety  of  multilayer  structures  using 
the  family  of  90  K  superconducting  compounds.  Ion  beam 
channeling  ,  transmission  electron  microscopy  and  X-ray 
diffraction  studies  will  be  presented  showing  the  nearly  single 
crystalline  growth  of  lattice-matched  multilayered  structures. 
Heterostructures  displaying  SNS  device  characteristics,  where 
N  is  PriBa2Cu307-x,  have  already  been  demonstrated  and 
progress  in  the  fabrication  of  SIS  junctions  will  be  reported. 
Results  obtained  from  Auger  electron  spectroscopy  on  the 
sharpness  of  the  interfaces  and  the  relative  diffusion  of 
cations  at  different  deposition  temperatures  indicate  best 
interface  sharpness  of  <  1  nm. 
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M7.236 

IONIZING  RADIATION  EFFECTS  ON  THIN  FILM  HIGH 
TEMPERATURE  SUPERCONDUCTORS.  Steven  D. 
Mittleman,  Barry  A.  Kirby.  Alvin  J.  Drehman, 
Bruce  L.  MacDonald,  Robert  J.  Andrews,  Michael 
N.  Alexander,  Rone  Air  Development  Center,  Solid 
State  Sciences  Directorate,  Hanscom  Air  Force 
Base,  MA. 

There  are  nany  applications  of  solid  state 
devices,  ICs,  and  other  electronic  components 
such  as  communication  satellites  where  a 
predictable  response  to  ionizing  radiation  is 
essential .  In  the  case  of  some  low  temperature 
superconductors,  defects  formed  by  electron 
radiation  can  increase  critical  current  densities 
(Jc) .  In  our  study,  thin  films  of  sputtered 
Y-Ba-Cu-0  with  a  Tc  greater  than  85K  were 
irradiated  with  1  MeV  electrons  and  Co-60  gamma 
rays  up  to  an  equivalent  dose  of  40  Mrads  (Si). 
Significant  changes  in  Jc  were  observed  while  the 
critical  temperature,  Tc,  remained  unchanged. 
All  irradiations  and  Jc  measurements  were 
performed  with  the  sample  held  below  the 
transition  temperature  to  avoid  annealing 
effects.  Tc  measurements  on  irradiated  samples 
were  kept  in  a  temperature  range  not  exceeding 
110K  for  the  same  reason. 

A  more  complete  analysis  of  Jc  as  a  function  of 
radiation  dose,  temperature  during  radiation,  and 
material  compositional  variations  will  be 
presented. 

M7.237 

FABRICATION  OF  HIGH  Tc  SUPERCONDUCTING  COMPOSITE 
STRUCTURES. 

D.  T.  Shaw.  S.  Patel,  J.  Chang,  S.  Witanachchi,  Y. 

Z.  Zhu,  L.  Song,  and  Y.  H.  Kao.  Institute  on 
Superconductivity,  State  University  of  New  York  at 
Buffalo,  Bonner  Hall,  Buffalo,  NY  14260 

Reported  improvements  in  the  superconducting 
properties  of  silver  doped  YBCO  has  led  us  to 
fabricate  composite  structures  on  Yttrium 
stabilized  zirconia  (YSZ)  and  stainless  steel  (SS) 
substrates.  These  layered  structures  such  as 
YBCO/ Ag/ YBCO  on  YSZ  and  SS  have  been  grown  in-situ 
by  laser  ablation  using  a  193  nm  ArF  excimer 
laser.  The  thickness  of  YBCO  was  0.1  to  0.3  pm 
and  the  silver  layers  were  0.015  to  0.05  (lm  . 
Substrate  temperature  was  varied  from  550°C  to 
650°C.  The  layered  structure  was  heat  treated  at 
400°C  for  5  min.  up  to  1  hour  to  allow  a  fraction 
of  the  silver  interlayer  to  diffuse  into  the  YBCO. 
Zero  resistance  temperature  varied  from  77K  to  83 
K  for  the  SS  and  83K  to  90K  for  YSZ.  Critical 
currents  at  40K  by  transport  measurement  was  in 
excess  of  7.5  x  1CP  amps/cm^  for  films  on  YSZ  and 
104  amps/cm^  on  SS.  (some  of  the  measurements 
were  limited  by  the  contact  resistance). 
Mechanical  straining  of  the  film  on  SS  showed  a 
tolerance  of  -0.2%  strain  for  a  fifty  percent 
decrease  in  critical  current.  Results  on  Auger 
profile,  critical  temperature  and  currents  of  the 
composite  structure  will  be  presented,  and  the 
mechanical  strain  effect  of  SS  supported  film  will 
be  discussed. 

M7.238 

INFLUENCE  OF  METALLIC  SILVER  INFILTRATION  ON  THE 
MICROSTRUCTURE  AND  TRANSPORT  PROPERTIES  OF  YBaCuO. 
L.  Rvelandt.  M.  Cassart,  A.  Vandenboach,  F.  Delannay  and 
J-P.  Iasi.  UniU  da  Phyaico-Chimia  at  de  Physique  daa 

Mot^riaux,  X  Place  Crvix  tlu  Sail,  B  1949  Louvain-U-K*uv*, 

Belgium, 


Wires  of  YBa2Cu30-7^  have  been  prepared  by  swaging  using 
silver  for  the  metal  aheat.  The  influence  of  the  heat-treatment 
conditions  on  the  microatructure  and  transport  properties 
(i.e.  thermal  conductivity,  thermoelectric  power  and  electrical 
resistivity)  h»«  Keen  investigated.  The  same  measurements 
have  been  performed  on  bulk  samples  pressed  and  sintered 
between  two  silver  sheets. 

Due  to  the  infiltration  of  silver  into  the  superconductor, 
composite  materials  were  obtained.  The  electrical  resistivity 
was  found  to  decrease  by  more  than  one  order  of  magnitude.  It 
was  observed  that  the  presence  of  silver  inside  the  bulk  of  the 
superconducting  ceramic  affect6  the  grain  growth  and  the 
porosity,  that  it  does  not  reduce  the  Tc  and  Jc  values,  and  that  it 
leads  to  a  very  small  contact  resistance  between  the  oxide  and 
the  metal. 

M7.239 

HIGH  Tc  SUPERCONDUCTOR  FIBERS  FROM  METALLO-ORGANIC 
PRECURSORS.  K.  C.  Chen  and  K.  S.  tlazdiyasni,  General 
Atomics,  San  Diego,  CA. 

Homogeneous  stoichiometric  solution  of  yttrium  i-propoxide, 
barium  i-propoxide  and  copper  ethylhexanoate  has  been 
prepared.  This  solution  was  converted  to  a  resin-like 
material  and  is  readily  re-dissolved  by  organic  solvents. 

The  viscosity  could  be  reversibly  adjusted  by  adding  or 
removing  solvents.  Modifications  in  the  solution 
chemistry  have  been  made  to  reduce  barium  carbonate 
formation  during  organic  pyrolysis. 

Single  phase  superconducting  YBagCujOl-x  fibers  have  been 
continuously  spun  from  the  viscous  solution.  Compositions 
other  than  stoichiometry  have  been  prepared  to  examine  the 
possibility  of  forming  nano-scale  inclusions  in  the  "123" 
fiber.  Seeding  with  fine  DyBa2Cuj07_x  crystallites  with 
assistance  of  magnetic  field  was  used  to  achieve 
crystallographic  alignment.  The  phase  and  microstructural 
evolution  and  electrical  properties  of  the  fibers  will 
be  discussed. 

M7.240 

FORMATION  OF  SPUTTERED  Y-BA-CU-0  SUPERCONDUCTING  THIN 
FILM  ON  METAL  SUBSTRATE.  H.  Hayakawa,  Y.  Iijlma,  N^ 
Sadakata  and  0.  Kohno,  Tokyo  Laboratory,  Fujlkura  Ltd., 
Tokyo.  Japan 

For  the  application  of  the  high  teiperature 
superconducting  laterlals,  it  is  Important  to  fabricate 
composites  on  long  flexible  substrate  without 
diminishing  excellent  superconducting  performance. 

Metal  alloy  substrates  are  useful  because  their 
flexibility  and  thermal  properties  as  a  conductor. 
Meanwhile,  films  of  well-aligned  grains  with  preferred 
orientation  and  high  critical  current  density  have  been 
reported  through  thin  film  processing.  Sputtering  Is 
one  of  the  method  to  fabricate  thin  films  with  good 
superconductivity,  however,  the  thin  layer  of  the  films 
on  the  substrate  may  be  easily  contaminated  by  the 
diffused  elements  from  the  substrate  during  the 
deposition.  In  order  to  eliminate  the  degradation  of 
the  films,  putting  Intermediate  buffer  layer  which 
reduce  the  interaction  was  found  to  be  effective  to 
realize  good  superconductivity.  In  this  paper,  we 
report  the  effect  of  the  intermediate  buffer  layer  of 
SrTi(>3  on  nickel  based  alloy.  The  buffer  layers  and  Y- 
Ba-Cu-0  thin  film  were  prepared  by  sputtering.  The 
substrate  was  heated  550-700'C  during  the  deposition. 

The  microscopic  morphology  of  the  layers  and 

transporting  Jc  characteristics  are  discussed. 
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M7.241 

A  MULTIFILAMENT  SUPERCONDUCTING  WIRE  OF  Y-Ba-Cu~0»  L.R. 
Motowidlo,  G.M.  Ozeryansky,  IGC,  Advanced  Superconductors 
Inc.,  Waterbury,  CT,  R.D.  Blaugher,  D.VJ.  Hazelton,  J.A. 
Rice,  Intermagnetics  General  Corporation,  Guilderland, 

NY. 

Long  lengths  of  Multifilament  Superconducting  wire  with  a 
Ag  matrix  of  high  Tc  Y-Ba-Cu-0  ceramic  superconductor 
have  been  prepared  using  a  powder  precursor  approach. 
Monofilaments  were  initally  cold  drawn  or  hydrostatically 
extruded,  restacked  into  a  billet  and  cold  drawn  to  final 
size.  A  0.4mm  diameter  multi fi lament  wire  was  obtained 
with  29  filaments  (15  um)  of  Y  Ba^  Cu^  0^  around  a 
central  core  of  123.  Following  wire  drawing,  the 
conductor  was  annealed  in  oxygen  to  completely 
equilibrate  the  123  to  obtain  optimum  superconducting 
properties. 

Heat  treatment  schedules  were  varied  to  evaluate  the 
influence  on  critical  current  density.  Pre-reaction  of 
the  123  powder  precursor  prior  to  billet  assembly  appears 
to  produce  the  best  results.  Transport  measur  ment  at  ^ 
uV/cy  sensitivity  showed  current  density  in  excess  of  10 
A/cm  at  77K.  The  maximum  length  achieved  was  nearly  500 
feet.  This  paper  will  present  the  results  to  date  with  a 
projection  for  future  work. 

M7.242 

110K  SUPERCONDUCTING  FIBERS  OF  |Bl,Pb(Sb)|i  Sr.CaiCu.O(t +x 
Zhang  Jincang,  Henan  Normal  University,  Xlnxlang,  China* 

He  Alsheng,  North  University  of  Technology .Bel ) lng ,  China* 
Huo  Yu) lng,  Xiang  Jlong  and  He  Yusheng  ,  Tsinghuaua 
University,  Beijing,  China 

Superconducting  fibers  In  (B1  ,Pb(Sb)  I  iSriCaiCuiO*,  +x  high 
Tc  superconducting  materials  have  been  prepared  by  means 
of  the  laser-heated  pedestal  growth  methed  (LHPG) .  The 
onset  transition  temperature  reached  Is  120K  and  aero 
resistance  tenperacture  reached  Is  I10K.  The  critical 
current  deslty  (Jc)  Is  greater  than  KPA/cm1  at  about  77K. 
The  minlmun  diameter  of  fibers  have  reached  35um,  of 
which  the  flexibility  Is  quite  good. 

The  grwoth  condition  and  the  thermal  treatment  were  also 
studied.  It  was  found  that  the  slower  growth  rate  and  the 
smaller  diarrester  will  lead  to  a  better  quality  of  the 
fiber.  At  the  moment , thermal  treatment  was  still  necessary 
for  the  fabrication  of  2223  phase  S'lperconduct lng  fiber. 

X-ray  diffraction  and  SEM  results  Indicate  that  the 
fibers  have  highly  aligned  morphology  with  the  a-axls 
paralleled  to  the  growth  direction.  Such  strong  textured 
structure  will  provide  optimised  path  for  superconducting 
current  along  the  fiber.  Unlike  the  case  for  the  2212 
phase  B1 -based  superconducting  fiber,  EDAX  analysis  showed 
that  the  deviations  of  composition  from  source  rod  are 
quite  noticeable  for  all  elements,  except  for  that  of 
Sr.  However,  It  Is  believed  that  the  existence  of  Pb  and 
Sb  is  vital  for  the  stability  of  U0K  high  temperacture 
phase  of  the  B1 -based  superconducting  fibers. 

M7.243 

COILS  OF  YBCO  TEXTURED  BY  PARTIAL  MELTING. 
Ningxia  Tan,  Antony  J.  Bourdillon,  State 
Univers ity  oT  New  York  at  Stony  Brook,  N.Y.;  and 
N.  Savvides,  CSIRO  Divission  of  Applied  Physics, 
Sydney  2070,  Australia. 

The  majority  of  anticipated  applications  of  high 
temperature  superconductors  require  material  with 
critical  current  densities  higher  than  are 
currently  attained  in  bulk  ceramics.  Improvements 
in  current  carrying  capacity  and  in  mechanical 
strength  of  fibres  can  be  obtained  by  means  of 


crystal  growth  by  partial  melting  of  Y-Ba-Cu-0 
which  melts  incongruently .  Segregation  of  fluid 
products,  by  gravity,  tends  to  occur  upsetting  the 
stoichiometry  of  the  material  and  producing 
insulating  phases  which  often  form  at  grain 
boundaries.  However  if  recrystallization  is 
arranged  parallel  to  a  vertical  thermal  gradient 
enhanced  stoichiometry  results  and  insulating 
phases  can  be  removed  by  zone  refinement.  Coils 
require  texturing  with  tangential  growth.  These 
can  be  mounted  on  non-reacting  formers  which  are 
rotated  in  a  furnace  operated  at  960  degrees 
centigrade  ambient,  with  a  local  vertical  gradient 
near  to  1025  degrees  at  the  coil. 

The  microstructure  and  electrical  properties  of 
textured  coils  have  been  examined  from  material 
wound  in  various  ways.  Processing  techniques  are 
selected  to  overcome  the  loss  of  mechanical 
strength  which  occurs  during  partial  melting. 
Experiments  have  been  extended  to  (Bi.Pb)-Sr-Ca- 
Cu-0,  where  partial  melting  destabilizes  the  high 
temperature  (110  K)  superconducting  phase. 

M7.244 

THERMAL  ANNEALING  STUDY  OF  RIGH-Tc  YBaCuO  AND  BISrCaCuO 
SUPERCONDUCTING  WIRES.  Y.  D.  Yao(a),  J.  W.  Chen(b), 

Y.  Y.  Chen(a),  W.  S.  Pern(a),  I.  N.  Lin(c),  P.  C.  Yao(c), 

S.  3.  Yang(c)  and  S.  E.  Heu(c).  (a).  Institute  of  Physics, 
Academia  Slnica,  Taipei,  Taiwan,  R.O.C.  (b).  Department 
of  Physics,  National  Taiwan  University,  Taipei,  Taiwan, 
R.O.C.  (c).  Materials  R  A  D  Center,  Chung  Shan  Institute 
of  Science  and  Technology,  Lungtan,  Taoyuan,  Taiwan,  R.O.C. 

High-Tc  YBaCuO  and  BISrCaCuO  superconducting  wires  have 
been  fabricated  by  powder  metallurgy  technique.  Copper 
and  silver  tubes  were  used  as  the  external  Jackets  [1]. 

High  critical  current  density  have  been  observed  in  these 
wire-type  superconductors.  Thermal  annealing  treatments 
for  all  the  wire-type  samples  were  performed  between 
773  K  and  1230  K.  Magnetization  studies  show  that  the 
superconducting  properties  can  be  improved  after  properly 
thermal  annealing  of  these  samples  with  silver  Jacket. 

The  superconducting  properties  of  all  the  samples  after 
thermal  annealing  will  be  reported  and  discussed  according 
to  the  magnetization  studies. 

1.  Y.  D.  Yao,  J.  W.  Chen,  W.  S.  Pern,  M.  T.  Yeh,  I.  N. 

Lin,  P.  C.  Yao,  S.  J.  Yang  and  S.  E.  Hsu,  Proc.  Ann. 
Conf.  Chin.  Soc.  Mat.  Sci.  P.  1131  (1989). 

M7.245 

STUDIES  ON  MICROSTRUCTURE  -  PROPERTY  RELATIONSHIP  OF 
YB»2CU307.X  +  Ag  COMPOSITE  WIRE.  fi .  SaMIlkl  and  S.K. 
Samanta,  Plasticity  Laboratory,  Department  of  Mechanical 
Engineering  and  Applied  Mechanics,  2250  G.  G.  Brown,  The 
University  of  Michigan,  Ann  Arbor,  Michigan  48109-2125, 
USA. 

Silver  is  known  to  act  as  a  compatible  metal  host  for 
designing  a  microcomposite  system  with  the  high 
temperature  superconducting  ceramic  YBCO^'^.  The  unique 
role  played  by  nascent  silver  generated  from  the  silver 
monoxide  precursor  during  sintering  as  well  as  warm 
compaction  of  the  powder  mix  is  illustrated  with  the 
help  of  light  optical  micrography. 

It  is  seen  that  electrical  as  well  as  mechanical 
properties  of  the  bulk  composite  is  significantly 
governed  by  its  microstructure.  The  microstructure,  in 
turn,  could  be  controlled  by  suitable  heat  treatment  and 
proper  aelection  of  the  fabrication  process  parameters 
at  every  step.  Attempting  a  structure-property- 
procesaing  correlation,  a  microstructure  controlled 
scheme  for  fabricating  superconducting  composite  product 
of  useful  shapes  is  discussed. 

Successful  fabrication  of  thin  (0.75  nm  dia.)  and  long 
(450  mm  )  flexible  wire  following  this  route  is  also 
reported  here. 
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1)  S.  K.  Samanta  et  al.  "A  Novel  Processing  Technique 
for  Fabrication  of  Flexible  High  Tc  Superconducting 
Wire",  to  be  published  in  J.  Appl .  Phys . ,  November 
(1989) . 

2)  S.  Samajdar  et  al .  "A  Phenomenological  Model  on  The 
Deformation  Mechanism  of  YBa2Cu307_x  +  Ag2<)  Composite" 
to  be  published  in  J.  Mat.  Sci.  Lett.  (1989). 

M7.246 

MICROWAVE  PROPERTIES  OF  HIGH  QUALITY  Y-£a-Cu 
OXIDE  THIN  FILMS  FROM  O-UDO  GHz. 

A.  Inam  and  X.  D.  Wu,  Physics  Department,  Rutgers 
University,  Piscataway,  NJ  08854;  L.  Nazar  and  T. 
Venkatesan,  Bellcore,  331  Newman  Springs  Rd.,  Red  Bank, 
NJ  07701. 

We  have  performed  intra-  amii  iextra-cavity  micrawave 
frequency  (1-100  GHz)  measurements  on  high  .quality 
Y lBa2Cu307-x  superconducting ihin  films,  on  (100)LaA103 
substrates,  fabricated  by  the  piited  laser  deposition  technique. 
These  films  exhibit  supercanrii x.tmg  transition  temperatures  > 
90  K  and  critical  current  denanaes  -of  5x10^  A/cnfi  at '77  K. 
Ion  beam  channeling  and  X-ray  (diffraction  studies  indicate 
that  films  grown  on  the  LaAllBg  substrate  posses  remarkably 
high  crystalline  quality.  Microwave  -surface  resistance  wtftoes 
at  77  K  for  these  films  are  found  ro  "be  more  than  one  to  two 
orders  of  magnitude  lower  thar  ifarrucopper  at  77  K  far  almost 
the  entire  frequency  range  explored.  We  believe  that  lie 
reason  for  such  low  surface  -csiremnces  in  these  fihtE  is  the 
virtual  absence  of  grain  and  phase  boundaries  coupled  with 
the  high  degree  of  crystallinity,  thir  studies  show  ahat  the 
residual  resistance  measured  hdiowTCx  is  at  preseni  dominated 
by  losses  occuring  in  the  substereranfl  the  cavities  rather  than 
by  losses  intrinsic  to  the  Y-BaiGu -oxide  superconductor. 

M7.247 

MICROSTRUCTURE  AND  FLUX  PINNING  CHARACTERISTICS  OF 
HIGH-Tc  SUPERCONDUCTING  TAPE  PREPARED  BY  THE 
DIRECTIONAL  MELT-GROWTH  TECHNIQUE.  M.Okada.  R.Nishivaki, 
T.Mntsumo  to.  T.Kamo,  K.Aihara,  and  S.Matsuda.  Hitachi 
Research  Laboratory  ol  Hitachi  Ltd.,  Hitachi,  lbaraki 
319-12,  Japan.;  M.  Seido,  Metal  Research  Laboratory  of 
Hitachi  Cable  Ltd.,  Tsuchiura,  lbaraki  300,  Japan. 

Dense  and  aligned  high-Tc  superconductor  tapes  with 
metallic  sheath  were  prepared  by  a  directional 
melt-growth  technique.  Critical  current  density  and  flux 
pinning  characteristics  were  studied  in  relation  to  the 
oriented  microstructures. 

in  our  previous  paper(l),  we  reported  that  the 
drawing-rolling  technique  is  effective  to  enhance  the  Jc’s 
of  silver  sheathed  high-Tc  superconducting  tapes.  The 
Jc's  of  the  tape,  however,  decrease  sharply  in  the 
external  magnetic  field,  since  the  superconducting  core 
consists  of  sintered  polycrystalline.  In  this  study,  a 
directional  melt-growth  technique  is  applied  to  improve 
the  crystallite  alignment  and  the  grain  boundary 
weak-iink  in  the  Y-123  and  Tl-2223  tapes. 

It  was  observed  that  the  platj  shaped  Y-123  or  TI-2223 
crystals  (1  to  10  am  long  and  O.OSaa  thick)  including  fine 
second  phases  (ex.  Y-2U  crystals)  were  aligned  parallel 
to  the  surface  of  the  tape.  Critical  current  density  and 


flux  pinning  characteristics  in  the  tape  will  be  discussed. 
(1)  M.Okada  et  al  :  Jpn.  J.  Appl.  Phys.  27(1 988) L2345. 


M7.248 

REPRODUCIBLE,  LARGE -SCALE  PRODDCTIOM  OP  THALLIUM-BARED  RIGS 
TEMPERATURE  SUPERCONDUCTORS.  R,  L.  OaV.  D.  Stilus,  0.  C.  Nav- 
cobd,  j.  M.  Pecbenik,  an4  L.  T.  Grantham.  Rockvell  Intirnitlonil, 
RocXetdym  Division,  4633  Csnogi  Avinus,  Cuof>  Park,  CA  »1J0J 


The  Rockitdym  Division  of  Rockvill  xntirmtioml  bn  davilopid  a 
larva  seals  apray-ealcination  technique,  generic  to  tbs  prepara¬ 
tion  of  caruic  high  temperature  suparconductor  (BT8C)  povdara. 
Tha  tacbnlgua  has  tha  advantaga  of  producing  boaoganaoualy  staid 
povdara  on  a  fins  seals.  Production  of  both  yttrium-  and  thalli- 
un-baaad  ETSCa  haa  baan  danonst rated  using  tbia  technique. 

In  the  Rocketdym  suparconductor  nprny  calclner,  solutions  of  the 
daairsd  composition  are  atoaised  as  a  tins  aist  into  a  hot  gaa. 
Evaporation  and  calclnntlon  are  alaoat  instantaneous ,  yielding  an 
aktrsaaly  fins,  vary  raaotiva,  and  boaogsnaoun  oxide  povdar.  Tba 
calcinar  ia  30  inobaa  in  diaaatar  nnd  can  produce  ralativaly 
large  aaounta  (approxiaataly  100  g/h)  of  yttrlua-  or  thalllua 
based  HT8C  vithout  carbon  contaaination.  Metallic  lapuritian  are 
lass  than  400  ppa. 

Bulk  aaaplan  of  tha  tballiua-baaad  HTBC  hava  bean  eold-prannad 
and  sintarad,  and  an  optiaised  temperature  aehedule  via  found  to 
produce  tba  1-3-2-3  compound,  sintarad  aaaplss  vara  examined  by 
x-ray  diffraction  and  ebaractarixod  by  aaanuraaanta  of  Te.  Criti¬ 
cal  taaparaturaa  in  axcasn  of  110  K  wore  found. 


M7.249 


FABRICATION  OF  Bi2Sr2CanCun  +  1Ox  THIN  FILMS  BY 
LASER  ABLA'i  *ON .  J.  Chang.  S.  Witanachchi,  S.  Patel 
and  D.  T.  Shaw.  Institute  on  Superconductivity, 
State  University  of  New  York  at  Buffalo,  Bonner 
Hall,  Buffalo,  NY  14260 

Different  phases  of  Bi2Sr2CanCun+iOx  (n  -  1-4) 
thin  films  were  grown  by  laser  ablation.  A  193  nm 
ArF  excimer  laser  was  used.  Films  obtained  were 
oriented  with  the  c-axis  perpendicular  to  the 
substrate  surface.  The  c-axis  lattice  parameters 
were  about  3lA,  37A  ,  43A,  and  4  9A  corresponding 
to  n  -  1,  2,  3,  and  4,  respectively.  The 

substrate  temperature  was  kept  in  the  range  of 
500°C  to  650°C  during  the  deposition.  These 

phases  can  be  controlled  by  varying  the  deposition 

rate  and  the  oxygen  pressure.  The  zero 

resistivity  temperature  of  the  as-grown  2212  phase 
films  can  approach  80K.  The  resistance  dropping 
around  110K  for  the  as-grown  n  «  2-4  phase  films 
was  difficult  to  detect.  These_ films  are  always 
characteristic  of  semiconductors.  After  a  rapid 
post-annealing,  these  films  became  superconducting 
with  zero  resistivity  temperatures  of  up  to  100K 
with  a  sharp  decrease  in  resistivity  at  110K. 
Fabrication  and  properties  of  these  c-axis 
oriented  Bi2Sr2CanCun+iOx  films  will  be  reported 
in  detail  at  the  conference. 

H7.250 

FORMATION  OF  2223  PHASE  IN  Bi (Pb) -Sr-C*-Cu-0  SYSTEM 
DURING  ANNEALING  PROCESS.  Chen  liquan.  Huang  Zuvei. 
Huang  Yuzhen,  Bi  Jianqing,  Ni  Rongaing  and  Zhao  zhong- 
xian.  Institute  of  Physics,  Acadeaia,  Sinica.  P.O.Box 
603,  Beijing,  China 

The  foraation  process  of  110k  phase  during  high  teapera- 
ture  annealing  has  been  studied  by  EDX  combined  vith  R-T 
aeasureaent  and  X-ray  diffraction. Starting  aaterial  vith 
noainaj  composition  B  i ,  ,Pb,  ,Sr,  ,Ca,  ,Cu,  ,0,vas  sintered 
at  860  C  for  24  hrs  in  air.  P.ellets  pressed  vith  sinter¬ 
ed  povder  vere  annealed  at  880  C  for  various  tiae. 


476 


Nine  types  of  grains  with  different  coaposition  can  be 
distinguished  froa  dark  regions.  They  are  2212.2223, 
111*., 1112. 1111  and  those  rich  in  Ca-Cu.  Sr-Ca-Cu.Bi-Cu 
and  Sr-Bi-Cu  respect iv i  ly.  After  one  day  annealing,  the 
saaples  contain  saall  aaount  of  2223  grains.  The  aajor 
grains  are  rich  in  Sr -Ca-Cu  and  Ca-Cu.  The  percentage  of 
2223  grains  and  111**  (rich  in  Cu)  increased  steeply  in 
the  saaples  annealec  for  2  to  3  days.  As  the  annnealing 
process  lasted  up  to  4  to  5  days, the  nuaber  of  these  two 
type  grains  reduced  and  that  of  1112,  1111  grains  in¬ 
creased. These  four  type  of  grains  could  be  considered  as 
110k  phase.  When  annealing  tiae  increased  froa  1  day  to 
5  days,  the  110k  phase  increased  froa  18X  to  about 
100X.  The  evolution  of  the  grains  is  following1  grains 
rich  in  Sr-Ca-Cu  and  Ca-Cu  — ♦lllWrich  in  Cu)  — ♦1112 
--♦  2223  — ♦1111. More  longer  tiae  annealing  will  lead 
to  further  lose  of  Ca  and  Cu. 

M7.251 

ROUTES  TO  HIGH-TC  SUPERCONDUCTING  Tl-Ba-Ca-Cu-0 
FILMS  USING  ORGANOMETALLIC  CHEMICAL  VAPOR 
DEPOSITION.  Darrin  S.  Richeson,  Lauren  M.  Tonge, 
Jing  Zhao,  Jiming  Zhang,  Henry  O.  Marcy,  Tobin 
J.  Marks,  Bruce  W.  Wessels,  and  Carl  R. 

Kannewurf .  Science  and  Technology  Center  for 
Superconductivity  and  the  Materials  Research 
Center,  Northwestern  University  Evanston,  IL 
60208. 

Films  of  the  Tl— Ba— Ca— Cu— O  high— superconductor 
can  be  prepared  by  several  organometallic  chem¬ 
ical  vapor  deposition  routes.  Two  of  these 
involve  Ba-Ca-Cu-0  films  that  are  first  prepared 
on  yttria-stabilized-zirconia  using  the  volatile 
metalorganic  precursors  Ba (heptafluorodimethyl- 
octanedionate)2,  Ca (dipivaloylmethanate) 2 ,  and 
Cu ( acetylacetonate) 2 .  Deposition  is  carried  out 
at  5  torr  pressure  with  argon  as  the  carrier  gas 
and  water  vapor  as  the  reactant  gas.  Thallium  is 
next  incorporated  in  these  films  either  by  vapor 
diffusion  using  bulk  Tl-Ba-Ca-Cu-O  as  the  source, 
or  by  organometallic  chemical  vapor  deposition 
using  Tl (cyclopentadienide)  as  the  source.  The 
latter  deposition  is  carried  out  at  atmospheric 
pressure  with  an  argon  carrier  and  water- 
saturated  oxygen  reactant,  followed  by  rapid 
thermal  annealing.  Both  types  of  films  consist 
primarily  of  the  TlBa2Ca2Cu3Ox  phase,  have 
preferential  orientation  of  the  CuO  planes 
parallel  to  the  substrate  surface,  and  exhibit 
onset  of  superconductivity  at  -125  K  with  zero 
resistance  by  105  K.  Preliminary  results  of 
four-component  Tl -Ba-Ca-Cu-0  chemical  vapor 
deposition  onto  various  substrates  will  also  be 
reported . 

M7.252 

EFFECT  OF  PROCESSING  PARAMETERS  AND  POSTPROCESSING  THERMAL 
CYCLING  ON  THE  SUPERCONDUCTING  PROPERTIES  OF  Ag/YBazCuoCTC-x 
WIRES.  Miguel  A.  Ocampo.  Emilio  Orgaz,  Centro  de 
Invest igaclOn  y  Desarrollo  C0NDUMEX  Blvd.  Cervantes 
Saavedra  255,  11520  Mexico,  D. F. ,  Mexico,  and  Tatsuo 

Akachl.  Instltuto  de  Invest lgac lones  en  Materiales.  UNAM, 
Apdo.  Postal  70-360.  04510  Mexico,  D.F. ,  Mexico. 

Preforms  of  silver  tubes  with  YBa2Cuo07-x  powder  were  drawn 
to  obtain  wires  with  diameters  In  the  0.25mm  to  1.00mm 
range.  Samples  were  sintered  at  900  'C  In  oxygen  for 
different  times  and  post-oxygenatlon  was  performed  In  a 
closed  camera  at  various  oxygen  pressures. 

An  Improvement  In  the  superconducting  parameters  Tc  and  Jc 
was  observed  as  the  pressure  of  oxygen  was  Increased  and  as 
the  thickness  of  the  sliver  wall  was  decreased. 

A  small  decrease  In  Tc  was  observed  with  thermal  cycling  of 
the  samples  between  liquid  nitrogen  and  room  temperature.  A 
wider  study  of  this  effect  Is  under  way. 


Electrical  measurements  as  well  as  SEM  observations  are 
presented. 


M7.253 

THE  ROLE  OF  STRUCTURAL  DEFECTS  IN  FLUX  PINNING  AND 
HIGH  Jc  IN  THIN  FILM  Y-Ba-Cu-0  SUPERCONDUCTORS 
R  Ramesh.  D.M. Hwang,  A.lnam,  P. England,  T.Venkatesan 
Bellcore,  Red  Bank,  New  Jersey  07701 . 


Thin  film  YBCO  superconductors,  deposited  by  the  pulsed 
laser  deposition  technique,  have  been  shown  to  have 
critical  currents  of  up  to  5x10® A/cm2  at  77K. 

Additionally,  these  films  have  better  resistance  to 
magnetic  field  induced  dissipation  than  single  crystals 
of  these  cuprates.  In  this  paper,  we  report  results  of 
detailed  microstructural  characterization  of  these  films, 
and  attempt  to  rationalize  the  transport  properties 
obtained  based  upon  the  defect  microstructure.  The  thin 
films  consist  of  an  intimate  distribution  of  defects  such 
as  structural  dislocations,  intergrowths  of  the  1-2-4 
phase,  etc.  This  microstructure,  consisting  of  a  uniform 
distribution  of  structural  defects  may  be  the  cause  for 
the  high  critical  currents  obtained  in  thin  films  prepared 
by  this  technique. 

M7.254 

ELECTRON  MICROSCOPY  OF  (Bi.Pb)-Sr-Ca-Cu-O  WIRES  WITH 
VARYING  SINTER  TIMES.  Y.  Feny*.  R.  E.  Smallman*.  I.  P.  Jones*, 

F.  Wellhofer*,  N.  McN.  Alford+,  T.  W.  Button*,  ‘Superconductivity 
Research  Group,  and  School  of  Metallurgy  and  Materials,  University  of 
Birmingham,  P.O.  Box  363,  Birmingham  B15  2TT.  U.  K.  +ICI 
Advanced  Materials,  Runcorn,  Cheshire  WA7  4QE.  U.  K. 

(Bi,  Pb)-Sr-Ca-Cu-0  7223'  wires  with  varying  sinter  times  have  been 
investigated  by  parallel  physical  measurements  and  analytical  electron 
microscopy.  The  numbers  of  phases  present,  their  relative  amounts, 
compositions  and  microstructure  modulations  with  varying  sinter  times 
are  reported  and  correlated  with  the  superconducting  properties.  In 
particular,  the  recently  reported  long  period  (010)  modulation  in  Pb  doped 
'2223'  is  associated  with  the  high  TC(105K)  phase. 

M7.255 

FIELD  AND  TEMPERATURE-DEPENDENT  SUSPENSION  STUDIES  OP  HIGH 
TEMPERATURE  SUPERCONDUCTORS.  S-A.  Solin.  Michigan  State 
University,  East  Lansing  MI  48824  and  NEC  Research 

Institute*,  Princeton.  NJ  08540  and  Y.  Huang,  Michigan  State 
University,  East  Lansing,  MI  48824. 

Ve  have  eaployed  a  novel  variable  teapereture-vei .  able 

field/field  gradient  cryogenic  levitoaeter,  previously  used1 
in  levitation  experiaente,  to  study  the  orientationally 

dependent  suspension  properties  of  the  yttriua,  bieauth, 
and  thalliua-baied  high  T£  materials.  Various  aorphological 

foras  of  the  saaples  including  pressed  but  unretintered 
pellets,  sintered  pellets  and  (heavily  faulted  e.g.  twinned, 
syntatic  intergrovn,  etc.)  single  crystals  have  been 
ezaained.  As  in  the  case  of  the  levitation  data,  the  cero- 
field-cooled  suspenaion  data  exhibit  a  taaperatue  and  field 
dependent  critical  teaperature,  Tg  above  vihicb  suspension 

ceases  but  the  transition  to  the  noneuspended  state  sharpens 
dreaeticelly  with  increesing  field  end  ii  in  ell  ceeee  auch 
•harper  then  the  corresponding  transition  at  to  a 

nonlevitated  state.  Also  the  tuspeneion  data  do  not  exhibit 
the  low  teaperature  elope  diecontuinity  which  it  a  doainant 
feature  of  the  levitation  date  end  has  been  associated  with 
inter  and  intregranular  week  links  in  the  pellet  end  tingle 
crystal  aorphologlet ,  respectively.  These  results  will  be 
explained  using  e  aodified  version  of  the  •  field-gradient 
nodal  which  has  successfully  accounted  for  the  lewltetloo 
data. 
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Reaearch  supported  by  the  HSU  CFMR 
»  Current /pe rmentent  eddreet 

1.  S.A.  Solin  end  Y.  Huang,  Proc.  Induetry-University  Ad». 
Hatla.  Conf. .Denver,  1989,  in  prees,  and  to  be  publiabed. 

2.  S.A.  Solin,  H.  Garcia,  S.  Vieira,  and  H.  Hortal.  Phya 
Rev.  Lett.  60,  74*  <1988). 

M7.256 

X-ray  Diffraction  Study  of  the  Crystallization  Process  of 
High  Tc  superconducting  B1 -Glass  Ceramics.  Winnie  Wong- 
Ng,  Chwan  K.  Chiang,  Stephen  W.  Freiman  and  Lawrence  P. 

Cook,  National  Institute  of  Standards  and  Technology, 
Gaithersburg,  MD  20899. 

Class-ceramic  processing  has  been  demonstrated  to  be  a 
successful  technique  for  the  preparation  of  high  Tc 
superconductor  ceramic  oxides.  Two  different  compositions 
of  glasses  were  prepared  in  the  Bl-Pb-Sr-Ca-Cu-0  system  by 
melting  starting  powders  in  air  at  high  temperature 
(1200-C),  followed  by  rapid  quenching.  The  study  of  the 
formation  of  glasses  and  their  subsequent  crystalliz  ition 
into  high  Tc  superconducting  glass-ceramics  through  a 
sequence  of  heat- treatment  was  carried  out  in  order  to 
understand  the  possible  mechanism  of  the  formation  of  high 
Te  materials  and  to  improve  the  control  of  processing.  X- 
ray  powder  diffraction,  differential  scanning  calorimetry 
and  scanning  electron  microscopy  were  used  to  study  the 
characteristics  associated  with  the  crystallization 
process.  This  paper  describes  the  characterization  of 
these  materials  at  different  annealing  stages,  with  an 
emphasis  on  the  use  of  the  X-ray  technique.  A  comparsion 
of  phases  formed  in  the  two  glasses  will  be  made. 

M7.257 

ONUCUffROVaeNTOFOyB PROPERTIES  THROUGH  BETTER  SNTQUNC 
Hmslrtsrlrgof  OyflafbjCV-j  tss  beai  lmprowd  by  cotrolilrj 
powdsr  slza,  slnurtqg  tarnprare,  and  slrlarlng  amosplsra. 

Slrtartng  below  dm  suuctlc  lampsrzttrs  las  ban  m^lorad  far  dlRirat 
tsmpntuTK  ard  partial  frwuros.  Stourtng  klraUcs  have 
ban  arfood,  yielding  hljt  drelty  kp  to  9S8  id  small  grain  size 
Idnn  to  1.5  mlcnra)  with  shorter  sWering  times  3rd  lower 
tampsriuras.  Tw>  sals  of  angles,  am  sat  carukdng  10  wcX  percent 
Ag/7 In tfm prearnrpowdrend ore uxfapedatiare studied.  Dm 
slntertrg  rate  decreased  wxh  decrwistrg  temperature,  even  In  anples 
Uttered  In  low  partial  praam  of  acygen,  (which  Increases  the  oxygen 
vacancy  concentration).  The  addition  of  Ag/3  yielded  a  dispersion  cf  Ag 
particles  aba*  as  half  tfm  Dy(U£uj3^j  grain  size  at  grain  txmdary 
triple  poktx.  Ag  tended  to  arfaroe  pain  grewthsltytlyxil  did  not 
Improve  the  sgercondtMg  properties.  Resistivity  ms  as  low  as  220 
yflcm  at  100K.  Trarmxt  crttlcal  arrant  darsiusc  wan  5  times 
hl^er  than  pravtots  larger  gain  da  angles  Utah  wars  striked 
above  the  euuiclic  temperabri,  Thebesiof  thnwesangles  achieved 
•>100  Vcm1  at  4  JK  in  Rakfc  of  1-7  T.  Ths  kignxerr  octrrad  In 
spits  cf  toon  than  twtca  a  nurh  pain  boundary  orfac  _  so.  Wt 
ccnduh  dot  dm  gam  bou*nss  In  sintered  123  compands  va  not 
alMyc  bamsrt  to  a/rart  Dow,  rrd  that  towing  tha  proportion  of 
nonhasal  plans  faced  paki  bon&fles  Is  Important  In  raising  J^. 

*  u 

H7.258 

SOME  OBSERVATIONS  UP  THE  EFFBCTS  OP  HKJH  PRESSURES  AND 
TEMPERATURES  ON  THE  STABILITY  OP  Y  Ba2Cti)0?.s.  B-  E.  William. 

K.  B.  Alexander.  J. 'Brynested.  T.  1.  Hanaoo,  D.  M.  Kn»|er.  O.  C.  Marah  and 
f.  O.  Scarbrough.  Oak  Ridge  National  Laboratory,  Oak  Ridge.  TN. 

Hot  iaoautic  praaaing  and  kail  trasonaou  Is  high  prsaaurs  oxygen 
environment!  were  asag  to  study  tha  effect  of  pressure  os  tha  MtMUly  of 

V  BajCujO).,.  Is  an  initial  expan  man  (.  It  ara«  found  that  ortborbcmbic 

V  BajCujOy.x  Bacompoaad  into  a  four  phaaa  mixture  undar  an  argon  prat- 
aura  of  2000  auaoepbens  at  92J*C.  Microantlyiil  ihowed  that  the  phase* 
praaani  vara  tetragons!  Y-123,  Y-134,  tha  211  phaaa  and  BajCujOy.  h 
arai  found  that  tha  decomposition  could  be  revirted  by  wbaaqusnt  boat 
treatments  *t  atmospheric  preatura.  bin  temperatures  of  I73’C  or  grauer 


were  required  to  produce  adequate  kinetics.  Samples  swelled  during  Use 
heat  treatments  at  atmoipheric  pressure,  and  the  void*  formtd  ware  found 
to  preferentially  occur  at  grain  boundaries.  The  void  formation  appears  to 
be  associated  with  Internal  oxygen  rejection. 

Further  experiment*  ihowed  that  Y-123  is  unstable  at  preaauraa  a*  low  as 
*0  atm.  Tha  polyphase,  hot  Isostatieally  pressed  material  did  not  revert 
to  Y-123  during  e  41  hour  hett  treatment  at  I73*C  in  40  atm  oxygen.  A 
cold  praised  pullet  of  orthorhombic  Y-123  powder  was  also  exposed  to  40 
aun  oxygen  et  I75’C  end  found  to  partially  decompose,  but  some  Y-123 
wis  alto  present.  Microprobe  analysis  showed  that  BajCujO,,  was  one  of 
the  decomposition  products.  Sinoe  both  hydrostatic  and  chemical  effects 
are  produced  in  oxygen,  a  second  powder  pellet  was  heat  'reeled  at  g75*C 
in  a  gold  capsult.  Decomposition  wis  more  extensive  In  the  hydrostatic 
experiment,  end  microprobe  enalytis  showed  that  Y-123.  Y-124  and 
BajCujOy  were  present.  The  Tc  of  this  semplc  was  B0K,  indicating  that 
the  Y-123  was  probably  not  fully  oxidised. 


•Research  sponsored  by  the  Office  of  Energy  Stonge  and 
Distribution,  Conservation  and  Renewable  Energy,  U.S.  Department  of 
Energy,  under  contract  DE-AC05-840R21400  with  Martin  Marietta  Energy 
Sysiemt,  Inc. 

M8.1 

CONSIDERATIONS  LIMITING  CRITICAL  CURRENTS  IN 
HIGH-TEMPERATURE  SUPERCONDUCTORS.  M. 

Tinkham,  Harvard  University,  Cambridge,  MA  02138. 

This  talk  reviews  the  basic  principles  of  superconductivity 
which  limit  the  critical  current,  with  particular  reference  to 
the  high  temperature  superconductors.  The  conventional 
practical  definition  of  a  critical  current  density  in  terms  of  a 
voltage  criterion  such  as  1  pV/cm  has  no  fundamental 
significance,  since  the  result  can  depend  strongly  on  the 
criterion  chosen.  This  problem  is  particularly  serious  with  the 
high-temperature  superconductors  because  of  the  greater 
prominence  of  significant  resistance  due  to  flux  creep  effects 
at  the  higher  temperatures.  The  relation  between  the 
conventional  pinning  approach  to  determination  of  Jc  within  a 
continuum  picture  and  the  weak  link  Josephson  junction 
coupling  approach  within  a  granular  picture  will  be  discussed, 
together  with  experiments  on  fluxon  pinning  in  artificial 
arrays  of  Josephson  junctions.  The  possible  importance  of 
intrinsic  pinning  related  to  fluctuations  of  stoichiometry  and 
the  discrete  atomic  structure  of  the  ideal  crystal  will  be 
considered. 

The  research  was  supported  in  part  by  the  ONR  and  the  NSF. 

M8 . 2 

FLUX  MOTION  AND  DISSIPATION  IN  CUPRATE 
SUPERCONDUCTORS.  B.  Batlogg,  T.  T.  M.  Palstra  and  L  F. 
Schneemeyer,  AT&T  Bell  Laboratories,  Murray  Hill,  NJ  07974. 

Magnetic  flux  motion  in  cuprate  superconductors  poses  challenging 
conceptual  questions  and  is  closely  related  ro  properties  of  practical 
importance.  We  have  studied  the  systematics  of  dissipation  below  Tc  in 
all  classes  of  high  Tc  compounds  and  find  highest  dissipation  in 
superconductors  with  largest  electronic  anisotropy.  Activation  energies 
for  flux  motion  of  order  kT  are  observed  in  large  portions  of  the  H-T 
phase  space,  which  makes  thermally  activated  dynamics  a  dominant 
phenomenon  in  cuprate  superconductors.  This  is  in  marked  contrast  to 
traditional  superconductors. 
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H8.3 

HYSTERETIC  DEPENDENCE  OF  CRITICAL  CURRENT  ON 
APPLIED  MAGNETIC  FIELD  AND  MAGNETIC 
IRREVERSIBILITY  LINE  CROSSINGS  IN 
POLYCRYSTALLINE  YBa2Cu3C>7.  Thomas  R.  Askew  and 
Richard  B.  Flippen,  Central  Research  and  Development 
Dept.,  E.  I.  du  Pont  de  Nemours  and  Company,  Inc., 
Wilmington,  DE. 

It  has  recently  been  observed  (1,2)  that  the  transport 
critical  current  density  at  temperatures  near  77K 
exhibits  a  complex  dependence  on  sub-Tesia  applied 
magnetic  fields  and  the  previous  history  of  such  field 
strengths  applied  to  samples  of  YBa2Cu307.  The 
relationship  of  this  effect  to  magnetic  irreversibility 
line  (MIL)  crossings  will  be  discussed.  The  position  of 
the  MIL  is  measured  by  SQUID  magnetometer  detection 
of  the  irreversibility  point  and  by  applied  field  induced 
shift  in  the  absorption  component  of  the  AC 
susceptibility.  Data  from  these  two  methods  will  be 
compared,  along  with  hysteresis  data  for  several 
different  morphologies  of  polycrystalline  YBa2Cu307- 
An  explanation  in  the  context  of  grain  boundary 
structural  properties  will  be  attempted. 

1.  T.  Hikata,  et.  al.  Jpn.  J.  Appl.  Phys.  2fl,  L82  (1989). 

2.  J  O.  Willis,  et.  al.  IEEE  Trans.  Magn.  25,  2502  (1989). 

M8.4 


DISSIPATIVE  EFFECTS  OF  VORTEX  MOVEMENTS  IN  YBa2Cu307 
MEASURED  BY  MAGNETOTHERMAL  EFFECTS,  lzio  Rosenman  and 
Charles  Simon,  Groupe  de  Physique  des  Solides,  U.  Paris  7,  Paris, 
France;  and  Gaston  Collin,  Laboratoire  de  Physique  des  Solides,  U. 
Paris-Sud,  Orsay,  France. 

We  have  measured  the  heat  production  related  to  vortex  movement 
in  YBC  single  crystals  with  mass  extending  from  20mg  to  1g  when 
a  magnetic  field  is  smoothly  applied  to  the  sample  maintained  in 
quasi  adiabatic  conditions.  Temperatures  range  between  2K  and 
15K,  and  fields  up  to  70  KOe  were  applied. 

We  observe  highly  anisotropic  magnetothermal  oscillations  (MTO) 
correlated  to  flux  jumps  in  the  sample,  the  flux  penetration  in  the 
sample  being  monitored  simultaneously:  the  temperature  rises 
very  fast  (<2  sec)  up  to  20K  and  then  falls  slowly  with  a  thermal 
time  constant  (appr.  SO  sec).The  period  of  the  oscillations,  ranges 
from  5KOe  to  lOKOe  depending  on  the  crystallographic  orientation 
relative  to  the  magnetic  field.  The  heat  pulses  occur  when  the 
magnetic  pressure  is  sufficently  strong  to  overcome  the  pinning 
force,  then,  the  vortex  move  suddenly  and  rearange  themself  in  an 
order  corresponding  to  the  value  of  the  applied  magnetic  field.  This 
motion  give  rise  to  the  heat  produced.  The  maximum  temperature 
attained  in  an  MTO  'pulse*  is  hence  a  direct  measure  of  the  pinnig 
energy. Below  a  minimum  field  sweep  velocity  no  MTO  appear,  this 
is  related  to  the  time  dependence  of  the  vortex  motion  and  gives 
information  on  the  rate  of  flux  creep,  this  minimum  corresponds  to 
me  value  necessary  to  compensate  me  flux  creep.  In  the  low  field 
region  (<  10  KOe)  the  temperature  rises  smoothly  up  to  a 
maximum  below  the  field  at  which  the  first  heating  burst  occurs., 
and  this  corresponds  to  the  value  of  the  applied  field  necessary  to 
lull  penetration  of  me  field  in  the  sample  (The  H*  field  in  Bean 
model).  MTO  is  hence  an  alternative  method  to  the  magnetic 
measurements  for  the  determination  of  the  principal  parameters 
of  flux  penetration  and  flux  pinning  in  superconductors. 


M8.5  ABSTRACT  NOT  AVAILABLE 
M8.6 

ON  THE  RESISTIVE  STATE  OF  HIGH  TEMPERATURE 
SUPERCONDUCTORS  IN  MAGNETIC  FIELD. 

Yasuhiro  lye,  The  Institute  for  Solid  State  Physics,  The  University  of 
Tokyo,  Roppongi,  Mmaio-ku,  Tokyo  106  Japan. 

Magnetotransport  studies  in  the  superconducting  transition  region 
were  carried  out  using  thin  film  samples  of  Bi^Sr^CaCu^Os^.,  and 
ErBayCusOr-,.  Superconducting  fluctuation  effect  on  the  Hall  con¬ 
ductivity  as  well  as  on  the  diagonal  conductivity  was  investigated  and 
discussed  in  comparison  with  a  theory  by  Fukuyama  et  al.  The  fluctu¬ 
ation  contribution  to  the  Hall  conductivity,  A <rzy,  is  negative  in  sign 
and  shows  a  stronger  singularity  than  A<rzz,  as  Tc  is  approached  from 
above. 

The  magnetic-field-induced  resistive  state  below  Tc  is  currently  at¬ 
tributed  to  flux  creep  phenomenon.  By  a  precise  angular  dependence 
study,  we  demonstrate  a  complete  absence  of  dependence  on  the  rel¬ 
ative  angle  between  current  and  field.  This  poses  a  serious  question 
to  the  conventional  picture  of  Lorentz-force-driven  flux  motion.  The 
Hall  effect  in  the  resistive  state  exhibits  a  complicated  temperature 
and  field  dependence,  including  threshold  behavior  and  sign  reversal. 

M8.7 

ELECTRICAL  TRANSPORT  DISSIPATION  EFFECTS  IN 
EPITAXIAL  YjBa-.C^Oj.,  THIN  FILMS.*  K.  Christen.  C.  E. 
Klabunde,  J.  FL  Thompson,**  H.  R.  Kerchner,  S.  T.  Sekula,  R. 
Feenstra,  and  J.  D.  Budai,  Oak  Ridge  National  Laboratory,  Oak 
Ridge,  TN,  and  **The  University  of  Tennessee,  Knoxville,  TN. 

Y1Ba2Cu307.,  thin  films,  300-  350  nm  thick,  were  produced  by  co¬ 
evaporation  of  Y,  Cu,  and  BaF2  onto  Bingle  crystal  substrates  of 
SrTiOj,  followed  by  annealing  in  wet  oxygen  at  850  ’C.  Depending 
on  processing  conditions  and  substrate  orientation,  the  films  pos¬ 
sessed  different  epitaxy  and  dramatically  different  transport  prop¬ 
erties.  The  best  c-axis  oriented  films  deposited  on  (100)  substrate 
surfaces  had  critical  current  densities  Jc  that  approached  estimated 
material  limits,  with  >  1  MA/cm2  in  zero  magnetic  field  at 
85K.  At  a  resistivity  criterion  of  about  10-u  fi-cm,  Jc  remains 
greater  than  2  x  105  A/cm2  for  magnetic  fields  H  to  6T,  applied 
parallel  to  the  crystalline  a-b  planes  and  perpendicular  to  the  trans¬ 
port  direction.  This  value  is  nearly  two  orders-of-magnitude  higher 
than  for  the  similar  geometry  with  H  parallel  to  the  c-axis,  for 
which  Jc  decreases  rapidly  for  H  >2  T. 

Depositions  on  (110)  substrate  surfaces  produced  triaxial  films  com¬ 
prised  of  finely  divided  domains  having  [110]  and  <103>-type  orien¬ 
tations.  These  films  had  significantly  lower  Tc  and  Jc  values,  and 
exhibited  temperature-dependent  critical  current  densities  indicative 
of  thick,  normal-barrier  weak-link  arrays.  In  large  magnetic  fields 
and  at  small  currents  densities  the  dissipative  response  was  ohmic 
and  exhibited  behavior  predicted  by  flux  creep /flux  flow  models, 
with  the  deduced  pinning  potential  barriers  varying  as  H'1  over  a 
wide  temperature  range  below  Tc. 

'Research  sponsored  by  the  Division  of  Materials  Sciences,  U.S. 
Department  of  Energy  under  Contract  No.  DE-AC05-840R21400 
with  Martin-Marietta  Energy  Systems,  Inc. 

M8.8 

LOW  FIELD  RESISTIVE  BEHAVIOR  OF  Bi2Sr3CaCu20„.  R. 
I).  van  Dover,  L.  F.  Schneemeyer,  and  J.  V.  Waszczak,  AT&T 
Hell  Laboratories,  600  Mountain  Ave.,  Murray  Hill,  NJ  07874 

Measurements  of  the  resistivity  of  BijSrjCaiCujOs  in  low 
magnetic  fields  (H  11  c)  reveals  threshold  behavior.  Below  a 
ertain  field,  Hq,.  the  resistivity  is  small  (p  <  10-4  pu)  while 
above  this  field  the  resistivity  increases  approximately  linearly. 
This  behavior  is  observed  both  In  single  crystals  and  oriented 
polycrystalline  samples,  at  low  current  densities 
Ip  <  0.1  A/cm3),  and  is  inconsistent  with  a  description  that  is  In 


479 


terms  of  flux  creep,  for  which  p  ~  sinh(c-B)  where  c  is  a 
constant.  The  threshold  field  is  substantially  greater  than  Hcln, 
and  may  be  related  to  the  novel  vortex  interactions  that  have 
been  postulated  for  this  material. 

MS.  9 

MAGNETIC  RELAXATION  IN  Bi.2Sr2CaCu2O8.rx  SINGLE 
CRYSTALS.  E.Agostinelli,  P.Filaci,  D.Fiorani, 

A. M. Testa,  I.T.S.E.,  C.N.R.  Area  della  Ricerca, 
Rome  .Italy;  G.Balestrino,  Dip.  di  Fisica, 
Universita'  di  Salerno,  Salerno,  Italy;  P.Paroli, 
Dip.  d'Ingegneria  Meccanica,  II  Universita1  di 
Roma,  Italy;  J. Tejada,  Dep.  de  Fisica  Fonamental, 
Barcelona,  Spain 

We  report  the  results  of  critical  current  and 
relaxation  measurements  in  a  Bi.2Sr2CaCu20g+x  single 
crystal  . 

Magnetization  cycles  were  performed  at  different 
temperatures  applying  the  magnetic  field  parallel 
to  the  c  axis. 

With  incresing  temperature  the  reversible  regime  of 
the  magnetization  cycles  is  rapidly  restricted  to 
low  fields.  Jc  becomes  strongly  field  dependent  at 
temperatures  so  low  as  20  K  and  vanishes  at  30  K  in 
presence  of  moderate  fields. 

The  average  pinning  energy  was  determined  by 
measuring  the  time  decay  of  the  zero  field  cooled 
magnetization  at  4.2  K  for  different  values  of  the 
external  field  (1  kOe;  3  kOe;  10  kOe)  applied 
parallel  to  the  c  axis.  The  decay  was  found  to  be 
logarithmic,  in  agreement  with  the  classical  flux 
creep  model. 

The  deduced  average  pinning  energy  decreases  with 
the  applied  field:  U  ■»  2.4  10  3  ev  for  H”1  kOe;  1.0 
10  3  eV  for  H=3  kOe;  8-10  4  eV  for  H-10  kOe. 


M9.2 

Characterization  of  Superconducting  YBaCu(F)C)  Thin 
Films  with  Three  Different  Orientations  * 

Y  K  Wang.  D.  X.  Li,  D.  Q.  Li,  Y.  H.  Shen ,  J .  Q. 
Zheng,  R.  F.  H.  Chang,  and  J.  B.  Ketterson, 
Materials  Research  Center  and  Science  &  Technology 
Center  for  Superconductivity,  Northwestern 
University,  Evanston,  IL  60208,  U.S.A. 

Epitaxial  thin  films  of  YBaCu(F)0  have  been 
prepared  with:  (1)  the  a-axis  perpendicular  to 
(100)  SrTiOg ;  (2)  the  c-axis  perpendicular  to  (100) 
SrTiO,;  (3)  the  [110]  axis  perpendicular  to  (110) 
SrTiOs .  Films  were  fabricated  using  a  multilayer 
deposition  technique  involving  three  electron-guns 
containing  Y,  BaF2 ,  and  Cu  under  a  pressure  of 
5xlO*^Torr  of  C>2-  As-deposited  films,  which 
contained  polycrystalline  and  amorphous  regions, 
were  later  annealed  in  a  furnace  under  a  flowing 
Oo-HoO  atmosphere.  XRD  patterns,  SEM  and  HRTEM 
images  confirm  that  the  films  are  highly  oriented, 
essentially  epitaxial.  The  a-axis  oriented  film 
exhibits  zero  resistance  at  9QK  and  a  critical 
current  density  of  2.9  xlO  A/cm  at  4.2K  while  the 
c-axis  oriented-f ilm  exhibits  a  Tc  of  88K  and  a  Jc 
of  0.9xl07A/cm2  at  4.2K;  The  Jc  values  were 
determined  magnetically.  The  [ 110]-orientation  film 
shows  the  sharpest  transition  with  a  transition 
width  of  IK  and  zero  resistance  at  86K.  The 
relation  between  chemical  composition,  substrate 
orientation,  annealing  history,  microstructure ,  and 
the  resulting  superconducting  behavior  will  be 

discussed.  _  _ _ 

*  Work  supported  by  the  NSF/S&T  Center  (DMR 
89-117),  the  NSF/MRC  (DMR-B5-20280) ,  and  the  Office 
of  Naval  Research  ( N00014-88-K-0106 ) . 


M9.1 

atomic  scale  characterization  of  defects  and  inter¬ 
faces  BY  Z-CONTRAST  STEM.  g.  1-  PenpytQok,  M  F.  Chisholm, 
D  E.  Jesson,  R.  Feenstra,  D.  Mashbum,  D.  P.  Norton,  J.  W.  McCamy, 
and  D-  H.  Lowndes,  Oak  Ridge  National  Laboratory,  Oak  Ridge,  TN 

37831. 


A  new  technique  for  high-resolution  electron  microscopy  is  providing 
direct  information  on  the  atomic  scale  structure  and  chemistry  of  de¬ 
fects  and  interfaces.  Using  a  scanning  transmission  electron  micro¬ 
scope  (STEM)  unambiguous  images  are  obtained,  even  at  interfaces, 
which  in  many  cases  are  interpretable  intuitively.  Planar  defects  m 
YBa2Cu307-x  clearly  exist  in  both  interstitial  and  substitutional  form. 
The  first  plane  of  the  superconductor  at  a  film/substrate  interface  can 
be  seen  directly  and  correlated  with  the  subsequent  growth  and  final 
film  properties.  Though  structurally  sharp,  these  interfaces  can  be 
chemically  diffuse.  The  chemistry  of  low-angle  tilt  boundaries  has 
been  investigated  and  correlates  with  the  critical  current  behavior.  At 
low  tilt  angles  an  array  of  partial  dislocations  results  in  a  fraction  of  the 
boundary  area  having  the  correct  123  structure,  the  remainder  having 
a  faulted  structure.  At  higher  tilt  angles  these  dislocations  collapse  into 
triangular  amorphous  zones  which  are  chemically  identical  to  the 
adjacent  123  phase.  This  is  therefore  an  intrinsic  structural  relaxation 
and  is  not  due  to  impurity  segregation. 


We  have  found  evidence  for  anisotropic  solid-phase-epitaxial  growth 
following  ion  implantation.  Along  the  c  direction,  growth  is  slow  and 
surface  nucleation  of  polycrystalline  123  material  occurs.  Growth  par¬ 
allel  to  the  c  planes  occurs  fast  and  would  allow  materials  modification 
through  conventional  ion  implantation  and  thermal  processing. 
Preliminary  experiments  on  layer-by-layer  deposition  using  a  rapidly 
rotating  multiple  target  and  timed  pulsed  laser  ablation  will  be 
described. 


'Research  sponsored  by  the  Division  of  Materials  Sciences,  U.5. 
Department  of  Energy  under  contract  DE-AC05-84OR21 400  with  Martin 
Marietta  Energy  Systems,  Inc. 


M9 , 3 

niOFTT  OBSERVATION  BY  TRANSMISSION  ELECTRON 
MICROSCOPY  OF  THE  EARLY  STAGES  OF  GROWTH  OF 
SUPERCONDUCTING  THIN  FILMS.  M.  Grant  Ncnan.  Lisa  A.  Tietz, 
Scott  R.  SummerfeJt  and  C.  BarTy  Carter,  Deparunent  of  Materials 
Science  and  Engineering,  Cornell  University,  Ithaca,  NY  14853. 

The  fabrication  of  high  quality  thin  films  often  depends  on  theearly  stages 
of  the  growth  process  during  which  epitaxy  is  established.  The  substrate 
surface  structure  generally  plays  a  critical  role  at  this  stage.  Many 
observations  of  the  high-Tc  superconductor  film- substrate  interface 
structure  and  chemistry  have  been  made  by  transmission  electron 
microscopy(TEM)  of  cross-st  :tion  samples,  lon-millmg  induced  damage, 
however,  can  be  severe  in  these  specimens.  In  the  present  study , the  early 
stages  of  the  growth  of  high-Tc  superconducting  thin  films  of  Y-Ba-Cu-U 
have  been  studied  by  TEM  using  a  technique  which  requires  no  post¬ 
deposition  specimen  preparation. 

Ultra  thin  films  (lOnm)  were  deposited  either  by  laser  evaporation  from 
stoichiometric  bulk  samples  or  by  electron  beam  corporation  of  the 
metals  directly  onto  self-supporting,  ion-thinned,  single-crystal 
substrates.  The  prepared  thin  foil  substrates  were  chemically  cleaned  and 
annealed  prior  to  deposition  to  remove  damage  resulting  from  ion-muling. 
The  annealing  temperature  was  chosen  to  induce  surface  faceting  of  the 
substrate  leading  to  a  stable  well-defined  morphology.  The  substrates 
investigated  include  (OOl)-oriented  MgO,  (OOlFwiented  SrTiOj  and  Ae 
technologically  important  (lOO)-onented  LaA103.  The  films  were 
examined  using  TEM  in  order  to  determine  the  film  orientation, 
composition  and  microstructure. 

Standard  films,  200  nra  thick,  were  prepared  under  identical  conditions  to 
the  ultra  thin  films.  These  films  were  superconducting  as  formed,  having 
critical  temperatures  above  80K. 
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M9.4 

CHARACTERIZATION  OF  CROSS-SECTIONS  OFTIBaCaCuO 
THIN  FILMS  ON  MgO  SUBSTRATES  BY  ANALYTICAL  AND 
HIGH  RESOLUTION  ELECTRON  MICROSCOPY.  I.  Maver. 
M.  Lanham,  T.W.  James*,  A.G.  Evans,  and  M.  Riihle**, 
Materials  Department,  University  of  California,  Santa  Barbara, 
CA  93106;  *  Superconductor  Technologies  Inc.,  460  Ward 
Drive,  Santa  Barbara,  CA  93111;  **  now  at:  Max-Planck-Institut 
fur  Metallforschung,  D-7000  Stuttgart  1,  F.R.Germany. 

Cross-sectioned  TEM  specimens  of  thin  TIBaCaCuO  super¬ 
conducting  films  on  ceramic  substrates  have  been  obtained 
using  a  newly  developed  preparation  technique.  The  super¬ 
conductor/substrate  interface  as  well  as  grain  boundaries  and 
defects  in  the  superconductor  have  been  characterized  by 
means  of  analytical  and  high-resolution  electron  microscopy. 

The  c-axis  of  all  investigated  TIBaCaCuO  grains  was  found  to 
be  perpendicular  to  the  interface  and  parallel  to  a  cube  axis  of 
the  MgO  substrate.  However,  results  of  measurements  of  the 
angles  between  the  axes  of  both  materials  in  the  planes  parallel 
to  the  interface  indicate  that  no  epitaxial  orientation  relation¬ 
ship  exists.  EDX  analysis  and  lattice  images  show  no  indication 
for  impurity  segregation  or  the  formation  of  an  amorphous 
layer  at  the  interface  and  along  grain  boundaries. 

The  presence  of  intergrowth  was  confirmed  by  high-resolution 
electron  microscopy.  In  addition,  planar  defects  are  formed  due 
to  a  faulted  sequence  of  the  individual  atomic  layers  perpendi¬ 
cular  to  the  c-axis.  The  chemical  nature  of  such  defects  could  be 
determined  by  a  quantitative  evaluation  of  high-resolution 
micrographs. 

M9.5  ABSTRACT  NOT  AVAILABLE 
M9.6 

THE  PREPARATION  OF  B^SrjCaCinOg  FIBERS  BY  THE  FLOAT 
ZONE  PROCESS.  Linda  Moulton,  Joseph  Brenner,  Material  Science 
Dept.,  Stanford  University,  Stanford,  CA;  Perla  Peszkin.  Robert  S. 
Fri  prison.  Center  for  Materials  Research,  Stanford  University, 
Stanford,  CA;  and  Dan  Gazit,  Nuclear  Research  Center  Negev,  P.O. 
Box  9001,  Beer  Sheva  84190,  Israel. 

A  miniaturized  float  zone  process  using  laser  heating  has  been  found  to 
have  potential  for  producing  B^SnCaC^Og  Fibers  which  can  carry 
high  critical  currents.^)  Growth  stability  and  rate  arc  two  key  issues 
which  need  to  be  addressed  if  suitable  samples  are  to  be  produced  for 
both  property  evaluation  and  prototype  devices.  Studies  on  the 
influence  of  growth  rate  on  structure  and  properties  will  be  discussed, 
along  with  the  effects  of  growth  atmosphere  and  post-growth  annealing. 
For  the  growth  of  small  diameter  fibers  (-  30  pm),  starting  material 
density,  homogeniety,  and  size  are  critical  issues  to  the  growth  of  long 
lengths  of  high  quality  fiber.  Work  on  different  strategies  for  starting 
material  preparation  will  also  be  discussed. 

1)  R.  S.  Feigelson,  D.  Gazit,  D.  K.  Fork,  and  T.  H.  Geballe, 
"Superconducting  Bi-Ca-Sr-Cu-0  Fibers  Grown  by  the  Laser-Heated 
Pedestal  Growth  Method,"  Science,  Vol.  240, 1642  (June  17,  1988). 

H9.7 

110K  Bi-Ca-Sr-Cu-0  SUPERCONDUCTING  FIBERS  BY 
GLASS-TO-CERAMIC  PROCESS.  Haixine  Zheng.  Yi  Hu,  Yun- 
Seung  Choi,  Ren  Xu,  Patrick  Lin  and  J.D.Mackenzie,  Department  of 
Materials  Science  and  Engineering,  University  of  Califomia-Los  Angeles, 
Los  Angeles,  CA  90024 

A  major  part  of  applications  of  high-Tc  superconductors  requires  the 
materials  in  the  form  of  wires  or  fibers.  The  glass  formation  of  Bi(Pb)- 
Ca-Sr-Cu-0  system  provide  the  opportunities  to  fabricate  the  materials 
into  the  fibers  by  the  well  developed  glass-to-ceramic  technology.  In  this 
work  the  melt-spinning  technique  to  produce  Bi(Pb)-Ca-Sr-Cu-0  glass 
fibers  will  described.  The  studies  of  the  thermal  analysis,  x-ray  diffraction 
and  SEM  techniques  suggest  that  BijSrjCuOs  phase  (Tc  <  22  K)  first 


crystallizes  from  glasses,  then  transforms  into  BijCaS^CujOs  phase  (Tc 
_  80  K)  and  BijCajS^CujOio  phase  (Tc  -  110  K)  results  from  the 
dissolution  of  BijCaSrjCuzOs  phase  and  the  liquid  phase.  The  Bi(Pb)- 
Ca-Sr-Cu-O  ceramic  fibers  with  zero  resistance  at  above  100  K  have  been 
prepared  by  heat  treated  the  glass  fibers  in  the  low  oxygen  atmosphere. 
The  effect  of  microstructure  on  the  the  critical  current  density  Jc  of  the 
fibers  have  been  studied.  Finally  the  mechanical  properties  of  glass  fibers 
and  glass  ceramic  fibers  will  be  presented. 

M9.8 

DEVELOPMENT  OF  A  COMPOSITE  TAPE  CONDUCTOR  OF  Y-Ba-Cu-0,* 

R.D.  Blaugher,  D.W.  Hazelton,  J .A.  Rice,  Intermagnetics 
General  Corporation,  Guilderland,  NY. 

Samples  of  a  “prototype"  composite  tape  conductor  have 
been  successfully  prepared  consisting  of  a  layer  of  (123) 

Y  Ba2  Cu,  0,  on  a  Ni  substrate  with  an  MgO  buffer  layer. 
Layers  of  123  were  applied  to  the  MgO/Ni  substate  using 
either  a  powder  precursor  technique  or  vapor  deposition. 

The  composite  samples  were  ini  tally  sintered  at  910“C  and 
equilibrated  in  oxygen  at  450*0.  These  samples 
demonstrated  promising  mechanical  properties  with  good 
adhesion  to  the  substrate,  tolerance  to  thermal  cycling 
and  ability  to  withstand  nominal  bending  deformation 
without  any  cracking  of  the  superconductor.  The 
superconducting  properties  showed  123  orthorhombic 
formation  with  Tc  onset  between  60  and  92K.  The 
depression  in  Tc  onset  for  some  of  the  samples  was 
attributed  to  high  Ni  and  Mg  diffusion  into  the  123. 
Additional  melt  processing  was  performed  to  improve  the 
current  density,  maintain  superconductor  continuity  and 
preserve  the  mechanical  properties.  Preliminary 
transport  measurements  on  selected  samples  have  exceeded 
1,000  A/cm  at  77k.  This  paper  will  review  the  results 
to  date  and  discuss  the  potential  for  fabricating  long 
lengths  of  conductor  with  technologically  useful  current 
density. 

‘Supported  in  part  by  SDIO  Contract  SD10  84-88-C-0049  and 
an  award  from  NYSIS  in  conjunction  with  NYS  ERDA. 

M9.9 

PREPARATION  OF  HIGH  Tc  OXIDE  SUPERCONDUCTING  TAPE  BY  RF 
MAGNETRON  SPUTTERING.  M.Fukutomi .Y.Tanaka.T.Asano.H.Maeda. 
National  Research  Institute  for  Metal s.Tsukuba  Laboratories, 
Tsukuba-shi , Ibaraki .Japan  and  H.Takahara.Mitsui  Mining  & 
Smelting  Co.  LTD. .Central  Research  Laboratory, Ageo-shi , 
Saitama,  Japan 

The  feasibility  of  preparing  YBaCuO  and  BiSrCaCuO  films 
on  metallic  substrates  was  discussed  in  an  attempt  to  fabri¬ 
cate  a  superconducting  tape.  Deposition  method  employed 
was  an  rf  magnetron  sputtering.  MgO  buffer  layers  were 
found  to  be  a  favorable  choice  to  prevent  the  adverse 
reaction  between  the  superconducting  film  and  the  underlying 
substrate.  The  MgO  buffer  layers  used  had  a  (200)  preferred 
grain  oritation.  Particular  attention  was  given  to  the 
preferential  resputtering  effect  due  to  the  bombardment  of 
negative  ions  during  sputtering.  The  substrate-cathode 
configuration  used  to  achieve  stoichiometric  film  composition 
was  described.  Highly  oriented  YBaCuO  films  have  been 
obtained  on  a  Hastelloy-X  tane  with  a  MgO  buffer  layer. 

The  highest  zero  resistance  temperature  obtained  so  far  of 
the  YBaCuO  thin  films  on  a  metallic  tape  was  81 .OK  in  its  as 
grown  state,  and  a  critical  current  density  was  200  A/cm* 
at  77. 4K  and  10*  A/cm1  at  60K.  Priliminary  results  of 
YBaCuO  films  deposited  on  a  bundle  of  Chromel  fine  wires  were 
also  reported. 

In  the  Bi-Sr-Ca-Cu-0  system,  superconducting  films  with 
Tc  of  70K  were  prepared  on  silver  tapes.  Studies  have  been 
focused  on  the  development  of  buffer  layers  which  can 
withstand  high  temperature  post  annealing  processes  without 
the  degradation  of  the  superconducting  films. 
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M9.10 

PROCESSING  AND  PERFORMANCE  OF  METAL-CERAMIC 
FIBER  REINFORCED  HIGH  TEMPERATURE  SUPER¬ 
CONDUCTOR.  S.  Salib,  C.  Vipulanandan.  and  T.  Slone.  Texas 
Center  for  Superconductivity,  University  of  Houston,  Houston,  Texas 
77204-5506. 

Growing  large  single  crystals  of  the  superconducting  Yttrium-Barium- 
Copper  oxide  (YBa2Cu307.$)  phase  is  difficult  and  hence  there  is 
continuing  interest  in  the  fabrication  of  bulk  components  from  sintered 
polycrystalline  aggregates  of  the  superconducting  material. 
Aggregation  of  YBa2Cu307.s  powder  by  compact  molding  and 
sintering  results  in  a  porous  ceramic  with  poor  mechanical  properties 
and  hence  improving  the  ceramic  properties  is  of  interest. 

It  has  been  clearly  demonstrated  that  Silicon  Carbide  (SiC)  whiskers 
significantly  improved  the  strength  of  ceramics  without  improving  their 
ductility.  On  the  other  hand,  steel  fibers  could  improve  the  ductility. 
The  objectives  of  this  study  were  to  investigate  the  improvement  in  the 
mechanical  properties  of  the  superconducting  ceramic  due  to  metal, 
ceramic,  and  metal-ceramic  fiber  reinforcements.  Beam  specimens 
60  mm  long  with  13-mm  square  cross-sections  were  prepared  at 
various  porosities  by  varying  the  uniaxial  compaction  pressure.  The 
fibers  were  mixed  with  the  calcined  powder  and  compacted,  sintered, 
and  then  allowed  to  cool  at  a  slow  rate.  The  SiC  content  was  varied  up 
to  25%  by  volume  and  steel  percentage  was  limited  to  5%  by  weight. 
In  order  to  limit  the  reaction  between  the  continuous  steel 
reinforcements  and  superconducting  ceramic,  silver  (Ag)  coating  was 
used.  The  mechanical  properties  of  the  specimens  were  evaluated  by  3- 
point  beam  tests.  Performance  of  the  fiber-reinforced  ceramic 
composite  was  evaluated  at  77  K  and  300  K,  followed  by 
microstmctural  studies. 

The  effect  of  steel  and  SiC  fibers  on  the  mechanical  and  electrical 
properties  has  been  verified  in  terms  of  the  fiber  content  Steel  and  SiC 
fibers  had  no  nxasurable  effect  on  the  critical  temperature  and  Meissner 
effect  of  the  superconducting  ceramic.  While  SiC  ceramic  increased  the 
strength,  the  steel  fibers  improved  the  ductility. 

M9.ll 

PREPARATION  OF  HIGH  Tc  Bi-Pb-Sr-Cs-Cu-0  SUPERCONDUCTING 
FIBER  BY  LASER  HEATED  PEDESTAL  GROWTH  METHOD, 

K.  ToBoaat.su.  A.kuae,  H.Tomnapa,  Fujkura  ltd.  kiba.Koto- 
ku, Tokyo  135,  Japan 

Highly  oriented  Bi-Pb-Sr-Ca-Cu-0  superconducting 
fibers  including  the  high  Tc  phase  have  been  prepared  by- 
laser  heated  pedestal  growth  (LHPG)  aethod. 

The  fibers  with  0.2-0.5aa  diaaeter  have  been  grown 
froa  a  saall  Belting  zone  at  the  top  of  the  sintered  rod 
whose  noainal  com position  was  Bij.sPbo  jSrjCajCi^Oy.  The 
as-grown  fiber  had  highly  oriented  structure,  though  it 
did  not  show  any  superconducting  transition.  The  result 
of  DC  SQUID  Beasureaent  of  the  fiber  annealed  at  850*  C 
for  100  hours  exhibited  the  superconducting  transition 
at  110K  and  75K  corresponding  to  both  the  high  and  the 
low  Tc  phases.  The  annealed  fiber  aaintained  the 
orientation,  and  the  convergence  aeasured  by  XRD  of  the 
high  Tc  phase’s  a-b  plane  froa  the  longitudinal 
direction  was  less  than  +5*  . 

Meanwhile,  we  have  investigated  the  pseudobinary 
phase  diagraBB  near  the  coaposition  for  the  low  Tc 
phased)  and  the  high  Tc  phase.  The  obtained  phase 
diagraas  suggest  that  only  the  low  Tc  phase  can  be 
solidified  froa  the  liquid  phase,  therefore  the 
annealing  process  is  needed  to  yield  the  high  Tc  phase. 
The  relationships  between  the  coaposition  of  the  initial 
rod,  fiber  growth  condition,  post-annealing  condition 
and  the  characteristics  of  the  fiber  will  be  also 
discussed. 

[1J  K.Toaoaatsu  et  al,  Appl.  Phys.  Lett,  to  be  published 


M10.1 

THIN  FILM  PROCESSING  FOR  HIGH-Tc  SUPERCONDUCTORS 
OF  Bi-SYSTEM.  Kivotaka  WASA.  Central  Res.  Labs. 
Matsushita  Electric  Co.  Ltd.,  Moriguchi,  Osaka 
570,  Japan 

Basic  thin  film  deposition  processes  for  the  high- 
Tc  superconductors  of  Bi-systems  are  described  in 
relation  to  their  structure  and  superconducting 
properties.  For  the  rare-earth  high-Tc 
superconductors  YBC  the  thin  film  deposition 
processes  are  classified  into  three  processes: 

1  )  deposition  below  crystallizing  temperature 
followed  by  annealing  [process  (1)], 

2)  deposition  above  crystallizing  temperature 
followed  by  annealing  [process  (2)], 

3)  deposition  above  crystallizing  temperature 
without  postannealing  [process  (3)]. 

For  the  Bi-system  there  appear  several 
superconducting  phases  including  the  low-Tc  phase 
Bi2Sr2Ca. Cu20  and  the  high-Tc  phase 
Bi^Sr^CaoCujO* .  Thin  films  with  these 
super conducting  phases  are  synthesized  by  a 
selection  of  the  substrate  temperature  Ts  during 
the  deposition  in  the  process  (1)  and/or  (2):  the 
high-Tc  phase  with  Tc=100  K  is  synthesized  at 
Ts>800  °C;  the  low-Tc  phase  with  Tc=80  K,  at 
Ts<600  °C.  However,  these  films  often  comprise 
intergrowth  structure  between  the  different 
superconducting  phase. 

The  close  control  of  the  superconducting  phase  has 
been  achieved  by  the  layer-by-layer  deposition  in 
the  atomic  layer  epitaxy  process.  KPS  analyses 
suggest  that  their  superconducting  properties  are 
governed  by  the  valence  of  Cu  which  could  be 
controlled  by  the  deposition  and/or  postannealing 
process . 

H10.2 

PROCESSING  AND  PROPERTIES  OF  Bi-Sr-Ca-Cu-Oxide 
SUPERCONDUCTING  THIN  FILMS.  D.A.  Rudman.  J.T. 
Kucera,  M.M.  Matthiesen,  D.G.  Steel,  L.M.  Rubin, 
D.W.  Face,  J.M.  Graybeal,  T.P.  Orlando;  M.I.T., 
Cambridge,  MA  02139. 

We  have  investigated  the  processing  conditions 
necessary  to  produce  superconducting  thin  films  in 
the  Bi-Sr-Ca-Cu-0  sy  em  by  sputter  deposition. 
Films  with  compositions  of  Bi2Sr2CaCu2Ox  (2212) 
and  Bi2Sr2Ca,Cu3Ox  (2223)  are  deposited  by  co¬ 
deposition  from  metallic  targets  onto  single 
crystal  MgO  and  polycrystalline  Ag  substrates. 
The  formation  of  the  superconducting  phase  is  very 
sensitive  to  the  exact  processing  conditions 
(time,  temperature  and  oxygen  partial  pressure)  in 
the  post  deposition  anneal,  leaving  a  relatively 
narrow  processing  window  for  the  formation  of 
optimum  material.  For  the  2212  phase,  the  films 
are  nearly  single  phase  and  highly  textured  (c- 
axis  normal,  with  T_(R-0)-84  K  and  Jc(77  K,  H-O)  - 
10*  A/cm2.  For  the  ”2223"  phase  the  films  are 
formed  without  lead,  and  are  a  mixture  of  2212  and 
2223,  with  a  Tc(R“O)»106  K.  We  have  used  these 
films  to  study  transport  properties  in  these 
systems.  The  critical  current  is  highly 
anisotropic  with  applied  field  direction,  and 
shows  evidence  of  flux  lattice  melting  at  high 
temperatures,  similar  to  single  crystals.  These 
films  are  also  being  used  to  fabricate  simple 
grain  boundary  SQUID'S,  and  results  from  these 
devices  will  be  reported. 
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M10.5 


M10.3 

HIGH-TC  UNDOPED  AND  PB-DOPED  BI-SR-CA-CU-0  THIN 
FILMS  PREPARED  BY  ORGANOMETALLIC  CHEMICAL  VAPOR 
DEPOSITION.  J.M.  Zhang,  H.O  Marcy,  L.M.  Tonge.  B.W  Wessals 
T.J.  Marks,  and  C.R.  Kannewurf,  Center  for  High  Temperature 
Superconductivity  and  Materials  Research  Center,  Northwestern 
University,  Evanston,  IL  60208 


Highly  oriented  films  of  the  high-Tc  undoped  and  Pb-doped  Bi-Sr- 
Ca-Cu-0  (BSCCO)  superconductors  have  been  prepared  by 
organometallic  chemical  vapor  deposition  (OMCVD)  using  the 
volatile  metal-organic  precursors  Cu(acetylacetonate)2, 
Sr(dipivaloylmethanate)2,  Ca(dipivaloylmethanate)2,  triphenyl 
bismuth,  and  tetraphenyl  lead.  Deposition  is  carried  out  at  2  torr 
with  argon  as  the  carrier  gas  and  oxygen  and  water  vapor  as 
reactants.  For  Pb  introduction  into  BSCCO  films,  two  OMCVD 
approaches  have  been  investigated.  In  the  first  approach,  Pb  is 
introduced  by  alternating  OMCVD  deposition  of  BSCCO  and 
PbOx  films.  In  the  second  approach,  Pb  is  incorporated  into  an 
OMCVD-derived  BSCCO  film  by  vapor  diffusion  using  PbO  as  the 
source.  After  post  annealing,  energy  dispersive  x-ray  analysis 
indicates  most  of  the  Pb  originally  doped  into  the  films  is  lost.  X- 
ray  diffraction  data  and  scanning  electron  micrographs  reveal  that 
Pb  doping  significantly  improves  the  film  morphology  and 
crystalline  orientation  in  such  films.  Both  types  of  films  on  [100] 
single  crystal  MgO  consist  predominantly  of  the  Bi2(Sr,Ca)3Cu20x 
phase  and  have  high  preferential  orientation  of  the  crystallite  £ 
axes  perpendicular  to  the  substrate  surface.  Four-probe  resistivity 
measurements  indicate  the  onset  of  film  superconductivity  at  -  110 
K  and  zero  resistance  by  80  K.  Possible  mechanisms  for  the 
improvement  of  BSCCO  films  due  to  Pb-doping  will  be  discussed. 
Effects  of  different  reactant  gases  (e.g.  N2O,  O2  and  H2O)  and 
different  substrates  on  the  superconductivity  of  OMCVD-derived 
BSCCO  films  will  also  be  reported. 

Mio.4 

PREPARATION  OF  Bi-Sr-Ca-Cu-0  SUPERCONDUCTING  THIN 
FILMS  BY  MOCVD .  Shinji  Gohda  and  Yasuhiro  Maeda, 
Hoxan  Research  Laboratories,  Hoxan  corporation, 
5-2  Kikusui,  Shiroishi-ku,  Sapporo  003  Japan. 

Bi-Sr-Ca-Cu-0  thin  films  have  been  prepared  on 
MgO  substrates  using  a  MOCVD  technique  at  low 
pressure.  It  was  found  in  this  experiment  that 
composition  ratio  and  crystal  structure  of  thin 
films  could  be  exactly  controlled  by  the 
evaporation  temperature  of  source  materials,  the 
flow  rate  of  carrier  gas  argon,  the  temperature 
of  substrates  and  oxgen  partial  pressure.  By 

changing  these  conditions,  it  was  possible  to 
construct  various  crystal  structure  of  thin  films 
, high-Tc  phase  (c=37A) ,  low-Tc  phase  (c=30A)  or  a 
mixed  phase  of  these.  High-Tc  phase  films  had  the 
composition  ratio  of  approximately  Bi2Sr2Ca2Cu30x 
,  on  the  other  hand  ,  low-Tc  phase  films  were 
obtained  within  wide  range  of  composition  ratio. 
Triphenylbismuth  for  Bi  and  (3  -diketone  metal 
chelates  for  Sr,  Ca  and  Cu  were  used  as  source 
materials.  Thin  films  were  deposited  on  (100) 
MgO  substrates  at  the  temperature  between  800 “C 
and  850°C.  The  film  thickness  was  about  3000A. 

Tc (onset)  of  115K  and  Tc(end)  of  81K  could  be 
obtained  for  a  film  with  the  mixed  phase  of  high- 
Tc  phase  and  low-Tc  phase  in  as-deposited  state. 
X-ray  diffraction  showed  that  this  film  had  a 
good  crystallinity  with  the  c-axis  perpendicular 
to  the  substrate.  The  composition  ratio  of  the 
film  was  approximately  BijSriCaiC^Ox .  Jc  of  the 
film  with  Tc (end)  of  81K  was  l.OxlO^A/cm?  at  77K. 


THE  SYNTHESIS  OF  THE  HIGH-TC  PHASE  OF  Bi-Pb-Ca-Sr- 
Cu-0  THIN  FILM  BY  SINGLE  TARGET  MAGNETRON 
SPUTTERING  *  R.  L.  Meng.  Li  Gao,  P.  H.  Hor,  Y.  Y.  Sun,  Y.  Q. 
Wang,  and  C.  W.  Chu,  Texas  Center  for  Superconductivity, 
University  of  Houston,  Houston  TX  77204-5506. 

The  greater  chemical  stability  of  the  Bi-Ca-Sr-Cu-0 
(BCSCO)  to  the  ambient  environment  may  make  BCSCO  a 
good  material  for  HTS  applications,  prvided  techiques  can 
be  developed  for  the  synthesis  of  single-phase  material 
or  of  material  with  zero  resistance  at  temperatures  >  77K. 
A  single  target  rf  magnetron  sputtering  technique  has 
thus  been  used  in  conjunction  with  fine-tuning  the 
sputtering  conditions  and  starting  target  composition.  We 
have  succeeded  in  preparing  Pb-doped  BCSCO  films  on 
the  (100)  MgO-substrate  with  an  onset-temperature 
above  107K  and  a  zero  resistance  temperature  above 
95K.  These  films  exhibit  a  critical  current  density  of 
~5xl  04  A/cm2  at  77K.  Structural  analyses  by  X-ray 
diffraction  show  a  strong  preferred  orientation  with  the 
c-axis  perpendicular  to  the  film.  The  results  demonstrate 
that  the  optimization  of  the  target  composition  and  of  the 
annealing  condition  over  a  narrow  temperature  region  is 
critical.  The  effects  of  sputtering  condition,  composition 
Pb-doping  and  thermal  annealing  will  be  presented  and 
discussed. 

*  Work  supported  in  part  by  DARPA  and  TCSUH. 

M10.6 

MOLECULAR  BEAM  EPITAXY  OF  LAYERED  Bi-Sr-Ca-Cu-0 
COMPOUNDS.  D.G.Srhlom.  J . T . Sizemore ,  A . F . Marshall , 
Z.J.Chen,  J.S .Harris, Jr . ,  J.C.Eravman,  M.R. Beasley, 
T.H.Geballe,  Stanford  University,  Stanford,  CA 
94305;  and  J .N . Eckstein,  I.Bozovic,  K.E.von 
Dessonneck,  Varian  Research  Center,  Palo  Alto,  CA 
94303. 

We  have  grown  smooth  epitaxial  films  of  Bi-Sr-Ca- 
Cu- O  compounds  in  a  modified  molecular  beam  epitaxy 
(MBE)  machine.  Some  of  the  films  grown  in  this  way 
were  superconducting  as  grown.  Four  conventional 
resistively  heated  furnaces  were  used  to  provide 
stable  fluxes  of  the  constituents.  Ozone  was 
introduced  close  to  the  substrate  during  growth. 

It  provided  sufficient  oxidation  for  the  in  situ 
growth  of  superconducting  films.  The  molecular 
beams  (with  the  exception  of  the  ozone  beam)  were 
periodically  shuttered  in  order  to  encourage  c-axis 
growth  of  Bi2Sr2CanCun+lOx  phases.  In  situ 
reflection  high  energy  electron  diffraction  (RHEED) 
was  used  to  study  the  crystal  structure  of  the 
films  during  growth  under  a  variety  of  growth 
conditions . 

X-ray  diffraction  indicated  that  films  grown  in 
this  way  contained  layered  2201,  2212,  2223,  and 
2245  -  like  phases.  Cross-sectional  TEM  images  of 
these  films  confirm  the  ability  of  this  technique 
to  grow  metastable  layered  structures. 

M10.7 

Applications  or  Rapid  Thermal  Processing  (RTP)  to  High 
Temperature  Superconductors,  D.  S.  C.inlev  J.  F.  Kwak,  E  L. 
Venturini,  R.  J.  Baughman,  and  B.  Morosin,  Sandia  National  Laboratories, 
Albuquerque,  NM  87185,  and  J.  W.  Halioran  and  M.  J.  Neal,  CPS 
Superconductor,  Inc.,  Milford,  MA  01757 
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We  report  the  application  of  rapid  thermal  processing  (RTP)  to  the  Y-Ba- 
Cu-O  and  Tl-Ca-Ba-Cu-O  systems  for  spun  wires,  thick  and  thin  films.  In 
all  cases,  we  have  been  able  to  produce  superconducting  material  while 
operating  in  a  non-equilibrium  thermodynamic  regime.  Using  conventional 
sintering,  the  Y-123  materials  suffer  from  the  problems  of  oxygen  loss  and 
undergo  an  orthorhombic  to  tetragonal  phase  transition  during  cool  down. 
Similarly,  the  T1  HTS  materials  show  pronounced  T1  loss  at  the 
temperatures  where  sintering  and  film  growth  occur.  RTP  of  spun  Y-123 
wires  for  1  sec.  at  1023  °C  under  oxygen  has  produced  excellent  grain 
growth  and  Tc  of  up  to  92K  with  no  further  processing.  The  normal  state 
resistivity  is  typically  >  lmfl-cm  and  the  highest  critical  current  to  date  has 
been  300  A/cm2,  leaving  room  for  substantial  improvement.  RTP  of  T1 
HTS  thin  films  0.3  pm  thick  has  shown  no  T1  loss  with  1-2  sec  processing 
times  at  the  melting  point  of  the  films  (930°C)  and  zero  resistance  to  60K 
has  been  obtained.  RTP  is  shown  to  be  a  new  alternative  for  HTS 
processing  with  enhanced  control  of  morphology  and  texture  and  the 
potential  to  produce  high  quality  films  on  low  cost,  potentially  reactive 
substrates. 

This  work  was  performed  at  Sandia  National  Laboratories,  supported  by  the 
U.  S.  Department  of  Energy,  Office  of  Basic  Energy  Sciences,  under 
Contract  No.  DE-AC04-76DP00789. 

M10.8 

A  NEW  HYBRID  PVD/OMCVD  ROUTE  TO  HIGH-TC  SUPER¬ 
CONDUCTING  THIN  FILMS  OF  Tl-Ba-Ca-Cu-O.  D.S. 
Richeson,  L.M.  Tonge,  X.K.  Wang,  H.O.  Marcy,  T. J. 
Marks.  R.P.H.  Chang,  J.B.  Ketterson,  and  C.R. 
Kannewurf ,  Science  and  Technology  Center  for 
Superconductivity  and  the  Materials  Research 
Center,  Northwestern  Univ. ,  Evanston,  IL  60208 

Superconducting  thin  films  of  Tl-Ba-Ca-Cu-0  have 
been  prepared  by  a  unique  hybrid  technique  that 
combines  electron  beam  evaporation  with  organo- 
metallic  chemical  vapor  deposition  (OMCVD) . 
Multilayer  thin  films  of  Ba-Ca-Cu-0  are  prepared 
by  sequential  evaporation  of  BaF2,  CaF2,  and  Cu 
sources  onto  single  crystal  MgO  (100)  or  yttria- 
stabilized  zirconia  (YSZ)  substrates  followed  by 
annealing  in  a  water  vapor  saturated  oxygen 
atmosphere.  Thallium  is  then  incorporated  into 
these  films  in  either  of  two  ways:  (1)  rapid 
annealing  of  the  Ba-Ca-Cu-O  film  in  the  presence 
of  bulk  thallium  superconductor  or  (2)  via  OMCVD 
using  (cyclopentadienyl)thallium  as  the  source. 

The  resultant  films  consist  of  predominantly 
single  phase  Tl1Ba2Ca2Cu3Ox  with  the  Cu-0  planes 
preferentially  oriented  parallel  to  the  substrate 
surface.  Resistivity  measurements  indicate 
superconducting  onset  temperatures  above  120  K 
with  zero  resistance  by  104  K.  By  eliminating 
the  water  vapor  anneal,  residual  fluoride, 
originating  from  the  sources,  may  be  left  in  the 
film.  This  leads  to  formation  of  predominantly 
c-axis  oriented  crystallites  of  the  Tl1Ba2Ca1Cu2- 
0X  phase.  Effects  of  different  substrates  and 
annealing  conditions  on  the  properties  of  these 
hybrid  Tl-Ba-Ca-Cu-0  films  will  also  be 
discussed. 

M10.9 

THE  EFFECT  OF  ANNEALING  CONDITIONS  ON  MAGNETRON 
SPUTTERED  SUPERCONDUCTING  TL-BASED  THIN  FILMS’. 
S.H.  Liou.  Department  of  Physics,  University  of  Nebraska- Lincoln, 
Lincoln,  NE  68588-0111 

There  are  many  superconducting  phases  in  the  Tl-Ba-Ca-Cu-0  sys¬ 
tem,  in  particular  the  Tl2Ba2Ca2Cu30io  phase  has  demonstrated  su¬ 
perconductivity  up  to  125K.  The  annealing  steps  have  been  shown  to 
be  a  crucial  determinant  of  film  quality.  In  this  study,  we  discuss  the 
formation  of  the  superconducting  phase  of  Tl-based  films  with  sys¬ 
tematically  varied  poet-annealing  temperature  and  annealing  time. 
Thin  films  of  Tl2Ba2CaCu20*  and  Tl2Ba2Ca2Cu30|o  were  routinely 
prepared  on  a  wide  variety  of  substrates  (Y-Zr02,  MgO,  and  SrTiOj 
etc.)  The  microstructure  and  crystal  structure  of  the  films  depend 


very  much  on  the  heat  treatment  and  the  chemical  composition.  For 
examples:  We  observed  more  rod  or  long  needle-like  microstructure 
in  the  Ba-enriched  sample.  If  the  film  was  deposited  on  a  Y-Zr02 
instead  of  on  a  MgO  substrate,  we  observed  that  a  longer  annealing 
time  and  a  higher  annealing  temperature  are  needed  in  order  to  form 
the  Tl2Ba2Ca2Cu3Oio  phase. 

A  detailed  x-ray,  electron  micro-probe,  and  scanning  electron  mi¬ 
croscopy  were  carried  out  to  evaluate  the  structure  of  superconduct¬ 
ing  phases  formed  for  each  annealing  condition.  The  interrelation 
between  the  microstructure,  crystal  structure,  and  composition  will 
be  presented. 

The  work  was  supported  by  NASA  Lewis  Research  Center  Grant 
NAG3-S66,  and  by  the  University  of  Nebraska  Foundation. 

M10.10 

ATOMIC  RESOLUTION  ELECTRON  MICROSCOPY  OF  Bi- 
CUPRATES,  R.Ramesh,  B.G.Bagley,  J.M.Tarascon, 

Bellcore,  Red  Bank,  New  Jersey  07701 ; 

C.J.D.Hetherington,  B.Simion  and  G.Thomas,  National 
Center  for  Electron  Microscopy,  Materials  and  Chemical 
Sciences  Division,  Lawrence  Berkeley  Laboratory,  1 
Cyclotron  Road,  Berkeley  CA  94720. 


We  report  recent  results  of  electron  microscopic  studies 
on  the  Bi  based  cuprates.  Using  HREM  in  conjunction  with 
conventional  electron  microscopy  and  microanalysis, 
different  types  of  defects  have  been  characterized.  The 
superconducting  phase  exhibits  frequent  variations  in  the 
stacking  sequence.  Dislocations,  observed  inside  the 
grains,  either  introduce  or  accommodate  the  shear  in  the 
a-b  plane  and  the  local  composition  fluctuations.  Grain 
boundaries  along  the  short  edge  are  generally  disordered, 
whereas  those  near  the  long  edge  generally  have  a  thin 
layer  of  the  lower  Tc  polytypoid  with  the  a-b  plane  as 
the  grain  boundary  plane.  Coherent  intra-granular 
boundaries  (most  likely  rotational)  at  the  BiO  layer  are 
also  observed.  The  defects  we  observe  and  have 
characterized  in  polycrystalline  samples,  will  be 
contrasted  and  compared  with  those  observed  in  thin 
films  deposited  by  evaporation  techniques  and  single 
crystals  prepared  by  flux  growth. 

The  work  at  Lawrence  Berkeley  Laboratory  is  supported 
by  the  Director,  Office  of  Energy  Research,  Office  of 
Basic  Energy  Sciences,  Materials  Sciences  Division  of  the 
U.S. Department  of  Energy  under  contract  No. 
DE-AC03-76SF00098. 

M10.ll 

STUDY  ON  THE  ELEMENTARY  STEPS  OF  THE  EPITAXIAL 
GROWTH  OF  Bi -Sr-Ca-Cu-0  ON  THE  SURFACE  OF  Si  AND 
MgO  BY  MEANS  OF  RHEED  AND  PHOTOELECTRON  SPECTRO¬ 
SCOPIES.  Takashi  HANADA,  Mak i  KAKA I .  Tsutomu  GODA 
and  Shousuke  TERATANI  RLEM,  Tokyo  Institute  of 
Technology,  Midori-ku,  Yokohama,  227  ;  The  Insti¬ 
tute  of  Physical  and  Chemical  Research,  Wako-shi, 
351-01,  Japan 

Copper  contained  oxide  superconductors  are  known 
to  have  layered  structures.  Successful  attempts  of 
forming  various  layered  structures  on  substrates 
such  as  SrTiOg  or  on  MgO  in  the  case  of  Bi-Sr-Ca- 
Cu-0  superconductor  have  been  reported  so  far.  In 
this  paper,  an  attempt  to  elucidate  the  elementary 
steps  of  the  epitaxial  growth  during  the  film 
formation  by  means  of  RHEED,  XPS  and  UPS  is  repor¬ 
ted.  Clean  surface  of  Si(001)  and  MgO(OOl)  are 
obtained.  Surface  structure  and  the  electronic 
states  of  Bi ,  Sr,  Ca  or  Cu  overlayers  evaporated 
on  are  observed  and  the  surface  reaction  between 
these  surface  and  02  or  N20  are  examined.  The 
surface  dangling  bond  of  Si  decreases  by  Bi  evapo- 
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ration  and  disappears  at  the  surface  coverage  of 
unity.  Further  increase  in  the  coverage  causes 
the  formation  of  new  state  by  Bi  overlayer. 
Introducing  oxygen  on  to  this  surface  at  400  *C 
leads  to  the  silicon  oxide  formation  in  the  region 
of  &  <  1  ,  and  that  of  bismuth  oxide  ini9>l  region. 
At  <S>  =  1,  where  the  dangling  bond  of  silicon  was 
completely  compensated  by  the  Bi,  neither  Si  nor 
Bi  was  oxidized.  Cu  oxidation  on  MgO(OOl)  by 
oxygen  was  also  examined.  Cu*2  was  formed  when 
1 .  and  with  rather  low  temperature  (150*0. 
Raising  temperature  to  4^>0*C  leads  to  the  reduc¬ 
tion  of  Cu*2  oxide  to  Cu* ■  oxide  and  to  the  Cu  . 

M10.12 

TEM  STUDY  OF  CVD-GROWN  Bi -Sr-Ca -Cu -0  THIN  FILMS  ON 
(001)  MgO  SUBSTRATES.  0.  Ueda .  T.  Kimura,  H. 
Yamawaki,  M.  Ihara,  and  M.  Ozeki,  Fujitsu 
Laboratories  Ltd.,  10-1  M o r i nosa t o - Wa ka m i y a , 
Atsugi  243-01,  Japan 

CVD-grown  Bi -Sr -Ca -Cu -0  thin  films  on  (OOl)MgO 
substrates  with  Tc  at  1 1 0K  have  been  structurally 
evaluated  for  the  first  time  by  transmission 
electron  di f f r act  ion ( TED  1  and  high  resolution 
transmission  electron  microscopy(HRTEM). 

From  plan-view  observation,  the  thin  films  are 
found  to  consist  of  large  domains  oriented  in  the 
c-axis,  with  diameters  of  15-100  pm.  It  is  also 
proved  that  there  are  two  dominant  orientation 
relationships  between  the  domains  and  the 
substrate,  i.  e.,  a  or  b  axis  in  the  domain 
corresponds  to  the  < 1 0 0  >  or  < 1 1 0  >  direction  of  the 
MgO  substrate  within  10°.  These  domains  exhibit 
incommensurate  order  along  the  b-axis.  In 
addition,  we  have  observed  microdomains  in  which 
the  a-axes  are  oriented  normal  to  each  other. 

Cross-sectional  observation  indicates  that  the 
interface  between  the  thin  film  and  the  substrate 
is  very  abrupt.  Intergrowths  of  five  different 
perovskite-related  layers  along  the  c-axis  with 
different  thickness  are  successfully  observed. 

**■  b  the  thin  film,  80K  phases  with  c  =  3.0  nm  are 
dominant  and  1 1  OK  phases  with  c  =  3.6  nm  are  less 
likely,  which  is  very  consistent  with  the  results 
from  X-ray  diffraction.  Three  other  phases  are 
very  rarely  observed.  Furthermore,  boundaries 
where  the  layered  structure  is  different  on  both 
siaes  are  often  found. 

Mil .  1 

PROXIMITY-EFFECT  AND  TUNNEUNG  IN  YBajCujO? /METAL  LAYERED 
STRUCTURES  LH.  Greene  W  L  Feldmann,  J  B  Barrier.  LA  Farrow,  P.F.  Miceli, 
R  Ramesf,  B  J  Wilkens,  B  G  Bagley,  Bellcore,  331  Newman  Springs  Rd.,  Red 
Bank.  NJ '07701.  M  Glroud.  CRTBT-CNRS.  Grenoble,  FR.  and  J.M.  Rowell, 
Conductus.  Sunnyvale.  CA. 

Superconductive  tunneling  into  high-Tc  films  Is  hampered  by  the  short  coherence 
lengths  and  non-superconducting  surface  layers.  These  properties  together 
cause  a  dramatic  depress  on  of  the  order  parameter  at  the  tree  surface  A  normal 
metal  in  close  proximity  to  the  high-Tc  surface  should  allow  the  observation  of  a 
proximity  gap  Therefore,  we  are  fabricating  Superconductor-Normal-lnsulator- 
Superconductor  (SNIS)  layered  structures  for  proximity  tunneling  spectroscopy 

Superconducting  films  of  YBasCujO;  are  grown  In-sltu  by  rf-magnetron 
sputtering  from  a  single,  composite  target.  The  (Urns,  grown  on  (001)-MgO 
substrates,  are  shiny  and  highly  oriented.  X-ray  analysis  shows  resolution  limited 
rocking  curves  of  <  3*.  Micro-Raman  scattering  of  ultra-thin  films  (<200 A) 
shows  the  films  are  twinned  with  a-b  axes  lying  In  the  plane,  parallel  to  the  (010) 
edges  of  the  substrate.  The  microstructure,  as  determined  by  TEM  cross- 
sectional  analysis,  shows  a  high  degree  of  c-axis  epitaxy  and  an  intergrowth 
structure  with  c-axis  values  ranging  from  1 1 .7  to  13.5  A.  Small  area  (5xl0~scm*) 
SNS  junctions  of  YBCO/Au/Pb  show  supercurrents  (with  lc's  ranging  from 
<40k A  to  ~-lmA  for  150  to  300  A  thick  Au)  as  well  as  Shapiro  steps.  Indicative 
of  a  proximity  Josephson  junction.  The  SNIS  structures  for  proximity  tunneling 
spectroscopy  are  fabricated  by  In-sltu  growth  of  YBCO/(Au  or  Ag)/T«  trllayers. 


Upon  exposure  to  laboratory  ambient  for  a  few  minutes,  the  Ta  surface  oxidizes 
to  form  a  relatively  low  resistance  (-10  for  1mm2)  tunnel  barrier  This  barrier  is 
reproducible,  insulating  and  continuous  since  a  sharp  Pb  gap  and  phonons  from 
the  Pb  counter-electrode  are  routinely  observed. 

Mil.  2 

MAOETIC  FIUX  PINNING  IN  YBa2Cu3Ox  FILMS.* 
a.- R.  Kenftner,  R.  Feenstra,  J.  O.  Thomson,**  J.  R. 
Thcnpeon,**  D.  K.  Christen,  S.  T.  Sekula,  and  L.  A. 
Boatner,  Solid  State  Division,  Oak  Ridge  National 
laboratory.  Oak  Ridge,  TN,  and  **The  University  of 
Tennessee,  Knoxville,  TN 

The  magnetic  hysteresis  was  studied  at  audio  frequencies 
for  YBa2Cu3Ox  films  of  different  epitaxial  orientations  an 
single-crystal  SrTiC^  and  KTa03  substrates.  Deposition  by 
coevaporaticn  of  Y,  BaF2,  and  Cu  was  followed  by  an  anneal 
in  flowing,  wet  oxygen  at  800-850  C.  low  amplitude, 
reversible  a c  response  gives  evidence  of  strong  flux 
pinning,  while  high  anplitude,  hysteretic  response  is  used 
to  obtain  the  limited  critical  current  density  Jc. 
Magnetic  flux  creep,  manifest  in  the  audio-freguency  data, 
is  clearly  evident  in  do  magnetization  data  on  the  «=*"«■ 
sanples. 

Exclusion  of  small  ac  magnetic  field  is  nearly  identical 
for  all  sanples  and  only  weakly  dependent  upon  the  large  dc 
field  and  upon  temperature.  In  contrast  the  Jc  (terfnrwf 
fran  the  high  anplitude  ac  response  is  sensitive  to  film 
orientation  and  grain  morphology.  It  fits  a  scaling  law 
widely  used  far  describing  NbjSn  and  most  other  A15 
materials. 


‘Research  sponsored  by  the  Division  of  Materials  Sciences, 
U.S.  Department  of  Energy  under  contract  CE-AC05-84QR21400 
with  Martin  Marietta  Energy  Systems,  Inc. 

Mil.  3 

CRITICAL  CURRENT  DENSITY  AND  MICROSTRUCTURE  OF 
YBa0Cu30?  THIN  FILMS  AS  A  FUNCTION  OF  FILM  THICKNESS. 

A.  Sogro-Campero,  L.G.  Turner,  E.L.  Hall,  and  N.  Lewis, 

CE  Research  and  Development  Center,  Schenectady,  NY. 

The  critical  current  density  (J  )  of  the  best  quality 
thin  films  of  YBa^Cu^O^  x  (YBCoS  on  sjngle  crystal 
SrTiOj  has  been  reportedxto  exceed  10  A  cm  at  77K. 

By  coevaporation  of  Y,  BaF? ,  and  Cu  and  postannealing 
at  850°C,  we  have  made  thin  films  of  YBC0  on  SrTiO, 
with  zero  resistance  transition  temperatures  of  90K  and 
J  exceeding  10  A  cm  at  77K  for  a  film  thickness  of 
a6out  0.5  a“-  Sample  thickness  was  varied  from  about 
0.2  a<°  to  2.5  am.  J  is  observed  to  decrease  rapidly 
for  the  thicker  sampfes,  with  little  or  no  change  in  ^ 
transition  temperature.  J  decreases  to  3  x  10  A  cm 
for  the  thickest  sample,  the  room  temperature  resis¬ 
tivity  of  the  films  increases  with  increasing  thick¬ 
ness  . 

Planar  and  cross  sectional  samples  were  prepared  and 
investigated  by  transmission  electron  microscopy  to 
determine  the  microstructure  as  a  function  of  film 
thickness,  and  to  correlate  these  findings  with  the 
electrical  transport  measurements.  The  0.2  and  0.4  pm 
films  were  epitaxial  single  crystals  with  the  YBC0  c- 
axis  normal  to  the  film  plane.  Above  0.4  am  in  thick¬ 
ness,  the  films  consisted  of  an  -  0.4  am  layer  adjacent 
to  the  substrate  with  the  c-axis  normal  to  the  film 
plane,  on  top  of  which  was  epitaxial  material  with  the 
c-axls  in  the  plane  of  the  film.  The  thickness  depen¬ 
dence  of  the  critical  current  density  is  in  qualitative 
agreement  with  the  microstructural  observations. 
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Mil. 4 

MICROSTRUCTURE  AND  PROPERTIES  OF  MIXED  YBa2Cu3 
07-x  AND  Y2Ba4Cu80i6  THIN  FILMS.  A.F.  Marshall.  A. 
Kapitulnik,  Stanford  University,  Stanford,  CA  94305;  K.  Char,  R.W. 
Barton,  Conductus,  Inc.,  Sunnyvale,  CA  94086;  and  S.S. 
Laderman,  Hewlett-Packard  Co.,  Palo  Alto,  CA  94304 

Studies  on  the  formation  of  the  YBa2Cu307-x  (123)  and 
Y2Ba4Cu80i6  (248)  phases  in  post  annealed  Y-Ba-Cu-0  thin 
films  have  shown  that  a  variety  of  mixed  phase  faulted  and 
unfaulted  structures  can  occur  depending  on  the  source  materials, 
film  stoichiometry  and  annealing  temperatures.  These  structures 
are  of  interest  both  because  they  give  information  about  the 
mechanisms  of  phase  transformation  to  the  1 23  and/or  248 
phases,  which  compete  in  a  given  synthesis  regime,  and  because 
they  sometimes  exhibit  new  superconducting  properties.  Highly 
faulted  mixed  phase  films,  for  example,  can  have  Tc's  of  95-96  K 
as  compared  with  90  K  for  well  ordered  1 23  and  82  K  for  well 
ordered  248. 

We  have  been  studying  the  nature  of  these  faulted  structures 
using  transmission  electron  microscopy.  High  resolution 
microscopy  of  cross-section  specimens  shows  the  influence  of 
faults  on  the  c-axis  layering  whereas  diffraction  contrast  analysis 
of  planar  specimens  is  more  effective  in  showing  the  interaction  of 
the  faults  with  twins  and  second  phase  precipitates.  Initial 
observations  of  248  faults  in  predominantly  123  material  indicate 
the  formation  of  a  dislocation-like  strain  pattern  through  the  films 
which  may  hinder  the  formation  of  the  well-ordered  248  phase.  A 
variety  of  localized  structural  changes  are  observed,  some  of 
which  may  influence  Tc  if  occurring  in  higher  concentration. 

Mil. 5 

A  STUDY  OF  GRAIN  BOUNDARIES  IN  HIGH  T, 
SUPERCONDUCTING  YBa2Cu,07.,  THIN  FILMS 
USING  HIGH  RESOLUTION  ANALYTICAL  STEM. 
D.  H.  Shin,  J.  Silcox,  S.  Russek,  D.  Lathrop,  and  R.  A. 
Buhrman,  Cornell  University,  Ithaca,  NY. 

Grain  boundaries  in  thin  films  of  high  Tc  YBa2Cu307.x 
superconductor  have  been  investigatedYvith  high  resolution 
electron  imaging  and  nanoprobe  energy  dispersive  x-ray 
analysis.  Films  of  YBajCuiO?.,  were  made  by  either  reactive 
evaporation,  sputtering,  or  laser  ablation,  on  substrates  of 
MgO  or  yttria-stabilized  zirconia.  The  samples  generally 
show  good  superconducting  properties  with  transition 
temperatures  around  80  K  ana  high  critical  cun-ent  densities 
of  >  1  x  106  Amp/cm2  at  4  K.  Samples  with  a  tail  near  the 
transition  temperatures  were  also  used  in  order  to  study  the 
correlation  between  the  grain  boundary  structure  and  the 
superconducting  properties. 

A  VG  HB501A  STEM  operating  at  100  kV  was  used  for 
atomic  structure  imaging  in  both  bright  field  and  annular 
dark  field  imaging  modes  (Cs  =  1.2  mm,  ctpbj  =  13  mrad,  6^,1= 

4  mrad)  and  Tor  EDX  microanalysis  with  a  10  A  spatial 
resolution. 

High  resolution  lattice  images  indicate  that  the  grain 
boundaries  of  thin  films  of  YBa2Cu307.„  are  mostly  clean  and 
coherent.  No  boundary  layers  of  finite  thicknesses,  which 
are  commonly  found  in  bulk  sintered  samples,  have  been 
observed.  However,  strain  during  film  growth  may  cause 
deformation  of  the  lattice  structure  near  the  grain  boundaries 
and  this  may  result  in  the  amorphization  of  a  narrow  region 
where  the  strain  is  most  severe.  The  EDX  profiles  across  the 
grain  boundaries  also  indicate  no  composition  deviations  such 
as  may  be  due  to  a  second  phase  or  to  segregation,  confirming 
the  observation  that  the  grain  boundaries  are  mostly  clean. 

MU. 6 

EPITAXIAL  GROWTH  OF  HIGH  Tc  THIN  FILMS  ANO  SUPERLATTICES: 
PROGRESS  TOWARDS  THE  ARTIFICIAL  CONSTRUCTION  OF  HIGH  T, 
SUPERCONDUCTORS.  Jean-Marc  Triscone.  Michael  G.Karkut, 


Olivier  Brunner,  Louis  Antognazza,  and  (Jystein  Fischer, 
Universite  de  Geneve,  DPMC,  24  Quai  E. -Ansermet,  1211 
Geneve,  Switzerland. 

We  have  prepared  in  situ  YBaCuO  and  DyBaCuO  thin  films  and 
YBaCuO/DyBaCuO  superlattices  by  single  target  dc  magnetron 
sputtering.  For  the  single  thin  films,  the  orientation  per¬ 
pendicular  to  the  surface  is  either  c-axis,  mixed  a-  and 
c-axis,  and  (103)  depending  on  the  choice  of  the  substrate. 
TCp's  are  between  87  and  90K,  residual  resistivity  ratios 
between  2.5  and  3.  For  the  epitaxial  (103)  films  prepared 
on  (110)  SrTiOg,  x-ray  diffraction  pole  figures  show  that 
these  layers  are  single  crystals  with  the  (010]  direction 
parallel  to  [001]  SrTiOj  and  thus  the  CuO  planes  make  an 
angle  of  45"  with  the  normal  to  the  film  surface.  Absolute 
values  of  the  resulting  anisotropic  resistivity  have  been 
extracted  by  the  Van  der  Pauw  and  Montgomery  method.  The 
upper  critical  fields  are  markedly  different  from  those  of 
c-axis  films.  We  have  also  for  the  first  time  epitaxially 
grown  superlattices  of  YBaCuO/DyBaCuO  by  dc  magnetron  sput¬ 
tering  onto  SrTiOj  and  MgO  substrates.  For  c-axis  multi¬ 
layers  the  wavelengths  range  from  24A  (twice  the  c-axis)  to 
300A  and  x-ray  diffractograms  show  satellites  peaks  charac¬ 
teristic  of  multilayers  for  each  wavelength.  The  crystal¬ 
line  coherence  is  of  the  order  of  the  film  thickness.  The 
24A  wavelength  sample  consists  of,  on  the  average,  alter¬ 
nate  planes  of  Y  and  Dy.  The  multilayers  are  superconduct¬ 
ing  with  ,Tc?'s.  between  85  and  89K,  transition  widths  of  2K 
and  resistivity  ratios  of  about  3.  These  results  suggest 
that  artificial  structuring  of  high  temperature  oxide  sup¬ 
erconductors  is  within  reach. 

Ml 1.7  ABSTRACT  NOT  AVAILABLE 
Mil. 8 

TUNNELLING  MEASUREMENTS  ON  THIN  FILMS  OF 
YBa0Cu,O,  £.  A.  M.  Cucolo*,  J.  M.  Valles,  J.  M.  Phillips, 

M.  Gurvitcii,  R.  C.  Dynes,  and  J.  P.  Garno,  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ  07974. 

We  have  fabricated  tunnel  junctions  of  the  type 
YBa2Cu307  <|/barrier/Pb  that  show  reproducible  dV/dl 
characteristics.  The  YBa2Cu30,^  films  were  chemically 
etched  and  then  exposed  to  the  ambient  in  order  to  form  a 
natural  tunnel  barrier.  Below  the  Tc  of  the  YBaoCu307 
films  a  structure  associated  with  superconductivity  appears 
in  the  conductance  as  a  function  of  voltage.  We  discuss 
differences  and  similarities  of  these  features  and  those 
obtained  on  tunnel  junctions  on  chemically  etched 
YBa2Cu30. single  crystals. 

‘On  leave  from  Physics  Dept.,  University  of  Salerno,  84081 
Boronissi,  Italy 

Mil.  9 

USE  OF  Si-YBaCuO  INTERMIXED  SYSTEM  FOR 
PATTERNING  OF  SUPERCONDUCTING  THIN  FILMS 
Q,  Y.  Ma,  E.  S.  Yang,  G.  V.  Trcyz,  C.  Shu,  R.  M. 
Osgood.  Jr,  Micioelectronics  Sciences  Laboratories  and 
Center  for  Telecommunication  Research,  1312  Mudd, 
Columbia  University,  New  York,  NY  10027;  and  Chin-An 
Chang,  IBM  T.  J.  Watson  Research  Center,  Yorktown 
Heights,  NY  10598 

A  Si-YBaCuO  intermixed  system  has  been  formed  using 
rapid  thermal  annealing  of  Cu/BaO/Y,0,/Si  layered 
structures,  which  were  deposited  on  MgO  substrates  by 
electron-beam  evaporation.  The  electrical,  structural,  and 
interfacial  properties  of  the  Si-YBaCuO  system  have  been 
analyzed  by  resistivity,  X-ray  diffraction,  scanning  electron 


486 


microscopy,  X-ray  photoelectron  spectroscopy  and  Auger 
depth  profiling  measurements.  It  was  found  that  Si  mixed 
with  YBaCuO  during  annealing,  thus  creating  an  insulating 
film.  The  non-conducting  Si-YBaCuO  system  has  been  used 
to  pattern  YBaCuO  films.  The  patterning  process  was  carried 
out  by  first  patterning  a  silicon  layer  using  conventional 
photolithography  and  laser  direct-writing.  After  the  YBaCuO 
film  has  been  deposited  on  the  patterned  film  and  annealed 
at  980°C,  the  patterned  region  became  superconducting 
separated  by  Si-YBaCuO  intermixed  areas.  Micron-sized  line 
features  with  zero  resistance  temperatures  above  77  K  have 
been  demonstrated. 

Mil. 10 

HIGH  SPEED  INFRARED  DETECTORS  USING  Y-Ba-Cu-O 
THIN  FILMS.  IP.  Zheng.  Q.Y.  Ying  and  H.S.  Kwok,  Institute  on 
Superconductivity,  State  University  of  New  York  at  Buffalo,  Bonner 
Hall,  Buffalo,  NY  14260 

We  report  a  high  speed  IR  detector  using  high  Tc  Y-  Ba-Cu-O  thin 
films.  The  film  was  grown  by  laser  deposition  without  post-annealing 
and  patterned  into  a  microstrip  by  direct  laser  writing.  With  this  detec¬ 
tor,  distinguishable  fast  and  slow  components  were  observed  in  the 
electrical  response  to  laser  radiation  in  the  visible  and  infrared.  The 
temperature,  bias  current,  laser  intensity  and  film  thickness  depend¬ 
ence  indicated  clearly  that  the  slow  component  is  due  to  thermal  heat¬ 
ing  of  the  film  and  the  fast  component  is  clearly  nonthermal  in  origin. 
The  mechanism  of  the  nonthermal  response  will  be  discussed. 

Y-Ba-Cu-0  thin  films  and  a  standard  high  speed  gold-doped  ger¬ 
manium  detector  were  compared  for  CO2  laser  detection.  It  was  found 
that  the  superconducting  films  were  at  least  89  times  more  sensitive  in 
both  the  high  speed  nonthermal  regime  and  the  slow  thermal  regime 
with  the  same  bias  conditions.  In  the  high  speed  regime,  the  detectors 
speeds  were  comparable  within  the  instrument  resolution  of  10  ns. 

Mil .  11 

Josephson  Weak-links  Fabricated  From  Heteroepitaxial 
YBa2Cu307  x/  PrBa2Cu307  x/  YBa2Cu307  x  Multilayers. 
C.  T.  Rogers  and  T.  Venkatesan,  Bellcore,  331  Newman  Springs 
Rd.,  Red  Bank,  NJ  07701;  A.  Inam,  Physics  Department, 
Rutgers  University  Piscataway,  NJ  08854. 

We  have  fabricated  Josephson  weak-link  devices  from 
heteroepitaxial  multi-layers  of  YBa2Cu307  j/  PrBa2Cu307  x/ 
YBa2Cu307  with  a  fourth  layer  of  Au  deposited  for  ohmic 
contacts.  AU  the  layers  are  grown  by  laser  deposition  in  a 
single  cycle  of  our  multiple  target  deposition  system.  We  have 
isolated  devices  of  area,  A,  from  2xl0’5cm2  to  2xl0’7cm2  with 
a  four  step  process  using  standard  photolithography  and  Argon 
ion  milling.  Our  finished  devices  show  Current-Voltage 
characteristics  similar  to  those  observed  in  the  traditional 
Superconductor/  Normal-metal/  Superconductor  (SNS).  They 
show  good  scaling  of  the  critical  currents,  lc,  with  A  and 
scaling  of  the  resistances,  R,  with  1/A.  Typical  values  of  the 
IcR  product  of  3-7mV  are  consistent  with  conventional  SNS 
behavior.  We  observe  both  microwave  induced  constant- 
voltage  current  steps  and  modulation  of  the  critical  current  in 
transverse  field  thus  demonstrating  both  the  a.c.  and  d.c. 
Josephson  effect  in  these  juncitons.  We  will  discuss  both  the 
device  fabrication  and  performance. 


Mil. 12 

HIGH  Tc  SUPERCONDUCTOR  MULTILEVEL  STRUCTURES  FORMED  WITH 
Ta?03  SPACER  LAYERS.*  Rabi  S.  Bhattacharva .  Universal 
Energy  Systems,  Inc.,  Dayton,  OH;  Peter  B.  Kosel, 
University  of  Cincinnati,  Cincinnati,  OH;  T.  Peterson, 
Wright  Patterson  Air  Force  Base,  WRDC/MLPO,  Dayton,  OH. 

Important  electronic  devices  can  be  realized  with  current 
state-of-the-art  hi gh-Tc  superconductor  thin  films  by 
forming  multilevel  structures  separated  by  thin  dielectric 
layers.  It  has  been  found  that  tantalum  oxide  can  be 
effectively  used  as  a  spacer  layer  because  of  its  high 
melting  point  ( 1 800° C )  and  good  chemical  stability  at  the 
typical  temperatures  used  to  anneal  thin  films  of  the 
YBaCuO  superconductor.  Best  results  have  been  achieved  by 
sputtering  thin  films  from  a  preformed  sintered  target  of 
YBaCuO  in  oxygen  and  depositing  very  thin  films  of 
tantalum  oxide  by  electron  beam  evaporation  through  a 
shadow  mask  to  form  simple  device  patterns.  Strontium 
titanate  substrates  and  oxygen  furnace  annealing  at  B50“C 
have  been  used  to  promote  epitaxial  growth  of  the 
superconductive  crystalline  phase.  In  this  way  two  level 
multilayer  structures  have  been  formed  and  the  layer 
transition  temperatures  determined  by  resistance 
measurements.  Both  levels  of  YBaCuO  have  shown 
superconductivity  after  annealing.  However,  the  second 
layer  shows  reduced  abruptness  in  the  transition  curves. 

Thin  superconducting  films  with  the  smooth  surfaces  were 
obtained  by  sputtering  from  a  sintered  target  whose 
chemical  composition  has  been  adjusted  to  produce  films 
which  were  nearly  stoichiometrical ly  correct.  Such  films 
required  only  short  annealing  times  and  produced  the  least 
stress  on  the  tantalum  oxide  layers. 

*  This  work  was  supported  by  the  Department  of  Air  Force 
under  SBIR  Phase  I  Contract  Nd.  F33615-BB-C-1795. 
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SESSION  Nl:  Micromechanics  of  Interfaces 
Chairs:  A.  G.  Evans 

Monday  Morning,  November  27 
America  Center  (W) 

8:30  *N1 . 1 

STRESS  FIELD  CHARACTERISTICS  AND  DATA  INTER¬ 
PRETATION  IN  INTERFACE  MEASUREMENTS  OF 
CERAMIC  COMPOSITES,  John  F.  Mandell.  Montana 
State  University,  Department  of  Chemical 
Engineering,  Bozeman,  MT;  Shyh-Hua  Jao, 
Massachusetts  Institute  of  Technology, 
Department  of  Civil  Engineering,  Cambridge, 
MA . 

9:00  N1.2 

A  NEW  MODEL  FOR  THE  DEBONDING  OF  DISCON¬ 
TINUOUS  FIBERS  IN  AN  ELASTIC  MATRIX, 
Christopher  K.Y.  Leung  and  Victor  C.  Li, 
Massachusetts  Institute  of  Technology, 
Department  of  Civil  Engineering,  Cambridge, 
MA . 

9 : 15  N1.3 

STICK-SLIP  DURING  FIBRE  PULL-OUT,  Robert 
Cook .  Michael  Thouless  and  David  Clarke,  IBM 
T.J.  Watson  Research  Center,  Yorktown 
Heights,  NY. 

9:30  N1.4 

EFFECTS  OF  A  FRICTIONAL  INTERFACE  ON  THE 
LOAD  DIFFUSION  FROM  A  BROKEN  FIBER  IN  A 
FIBER-REINFORCED  COMPOSITE,  Bulent  Aksel , 
Cornell  University,  Theoretical  and  Applied 
Mechanics,  Ithaca,  NY;  Dimitris  C.  Laooudas , 
Rensselaer  Polytechnic  Institute,  Civil 
Engineering,  Troy,  NY;  and  Chung-Yuen  Hui, 
Cornell  University,  Theoretical  and  Applied 
Mechanics,  Ithaca,  NY. 

9:45  N1.5 

A  CRITICAL  EVALUATION  OF  THE  USE  OF  THE 
MICROBOND  METHOD  FOR  DETERMINATION  OF  COM¬ 
POSITE  INTERFACIAL  PROPERTIES,  R . A ■  Haaksma 
and  M.J.  Cehelnik,  Alcoa  Laboratories, 
Surface  Technology,  Alcoa  Center,  PA. 

10:00  BREAK 


♦Invited  Paper 

Short  Course  C-08,  "Ceramic  and  Metal  Matrix 
Composites,"  may  be  of  interest  to  symposium 
attendees.  Details  regarding  course  dates 
and  instructors  are  provided  in  the  short 
course  section  of  this  program. 


10:30 

TAILORED  INTERFACES  IN  COMPOSITE  MATERIALS, 
John  G.  Williams.  Michigan  Technological 
University,  Chemistry  and  Chemical  Engineer¬ 
ing  Department,  Houghton,  MI;  Mary  E. 
Donnellan,  Naval  Air  Development  Center, 
Aerospace  Materials  Division,  Warminster, 
PA;  M.R.  James  and  W.L.  Morris,  Rockwell 
International,  Mechanics  of  Materials 
Department,  Thousand  Oaks,  CA. 

10:45  Nl . 7 

THE  INTERFACE  IN  TUNGSTEN  FIBER  REINFORCED 
NIOBIUM  METAL  MATRIX  COMPOSITES,  Toni 
Grobstein .  NASA  Lewis  Research  Center, 
Cleveland,  OH;  and  Hee  Mann  Yun,  Cleveland 
State  University  and  Resident  Research 
Associate  at  NASA  Lewis  Research  Center, 
Cleveland,  OH. 

11:00  Nl ■ 8 

INTERFACE  MICROMECHANICS  AND  TOUGHENING 
PROPERTIES  OF  DUCTILE  INTERFACE  LAYERS  IN 
CERAMIC  MATRIX  COMPOSITES,  E.P.  Butler  and 
E.R.  Fuller .  Jr. .  National  Institute  of 
Standards  and  Technology,  Ceramics  Division, 
Gaithersburg,  MD;  H.M.  Chan,  Lehigh  Univer¬ 
sity,  Department  of  Materials  Science  and 
Engineering,  Bethlehem,  PA. 

11:15  N1.9 

BRIDGING  PROCESSES  IN  DUCTILE  METAL-REIN¬ 
FORCED  BRITTLE  MATRIX  COMPOSITES,  M.C.  Shaw. 
D.B.  Marshall,  Rockwell  International 
Science  Center,  Structural  Ceramics  Depart¬ 
ment,  Thousand  Oaks,  CA;  and  A . G .  Evans, 
University  of  California,  Materials  Depart¬ 
ment,  Santa  Barbara,  CA. 

11:30  Nl . 10 

EFFECT  OF  COATING  OF  DUCTILE  FIBERS  ON  THE 
TOUGHENING  OF  BRITTLE  INTERMETALLICS ,  Herve 
Deve .  A.G .  Evans  and  R.  Mehrabian,  Univer¬ 
sity  of  California,  Materials  Department, 
Santa  Barbara,  CA. 

SESSION  N2 :  REACTIONS  AT  INTERFACES 
Chair:  A.  Joshi 

Monday  Afternoon,  November  27 
America  Center  (W) 

1:30  N2.1 

INTERFACIAL  REACTIONS  OF  REFRACTORY  METALS 
NIOBIUM  AND  TANTALUM  WITH  CERAMICS  SILICON 
CARBIDE  AND  ALUMINA,  A.  Joshi.  H.S.  Hu,  and 
J.  Wadsworth,  Lockheed  Palo  Alto  Research 
Laboratory,  Research  and  Development 
Division,  Pain  Alto,  CA. 

1:45  N2.2 

SILICON-BASED  OXIDATION-RESISTANT  COATINGS 
ON  NIOBIUM  METAL,  P.D.  Stupik,  A.R.  Barron. 
Harvard  University,  Department  of  Chemistry, 
Cambridge,  MA;  M.A.  Nastasi  and  T.  Jervis, 
Los  Alamos  National  Laboratory,  Los  Alamos, 
NM. 
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N2.10 


2:00  N2.3 

EFFECT  OF  AMBIENT  ATMOSPHERE  ON  THIN  FILM 
REACTION  OF  Si3N4  WITH  Ti,  S.B.  Desu .  Vir¬ 
ginia  Polytechnic  Institute  and  State  Uni¬ 
versity,  Department  of  Materials  Engineer¬ 
ing,  Blacksburg,  VA;  and  J.A.  Taylor,  AT&T 
Bell  Laboratories,  Allentown,  PA. 

2:15  N2.4 

SPINEL  INTERPHASE  FORMATION  AT  Ni/Al203 
INTERFACES  -  PROSPECTS  FOR  TAILORING  INTER¬ 
FACE  TENACITY,  Kevin  P.  Trumble.  University 
of  California,  Santa  Barbara,  Materials 
Department,  Santa  Barbara,  CA;  Manfred 
Riihle,  MPI  fur  Metallf  orschung ,  Stuttgart, 
West  Germany;  Anthony  G.  Evans,  University 
of  California,  Santa  Barbara,  Materials 
Department,  Santa  Barbara,  CA. 

2:30  N2.5 

THE  FORMATION  OF  PERIODIC  STRUCTURES  DURING 
SOLID  STATE  INTERACTIONS  BETWEEN  Pt  AND  SiC, 
T . C .  Chou  and  A.  Mishra,  Engelhard  Corpora¬ 
tion,  Research  and  Development,  Edison,  NJ. 

2:45  N2.6 

FIBRE-MATRIX  REACTION  ZONES  IN  MODEL  SILICON 
CARBIDE  -  TITANIUM  ALUMINIDE  METAL  -  MATRIX 
COMPOSITES,  P.J.  Doorbar.  Rolls-Royce,  pic., 
Manufacturing  Technology,  Derby,  United 
Kingdom;  D.R.  Baker  and  M.H.  Loretto,  Uni¬ 
versity  of  Birmingham,  School  of  Metallurgy 
and  Materials  Science,  Birmingham,  United 
Kingdom. 

3:00  BREAK 

3:30  N2.7 

TRANSMISSION  El  ECTRON  MICROSCOPY  STUDIES  OF 
SILICON  NITRIDE/SILICON  CARBIDE  INTERFACES, 
H.-J.  Kleebe  ard  M.  Riihle,  University  of 
California,  Santa  Barbara,  Materials  Depart¬ 
ment,  Santa  Barbara,  CA;  N.  Corbin  and  C. 
Willkins,  Norton  Company,  Advanced  Ceramics 
Department,  Northboro,  MA. 

3:45  N2.8 

THE  EFFECT  OF  TEMPERATURE  ON  THE  CHEMISTRY 
AND  MORPHOLOGY  OF  THE  INTERPHASE  IN  AN  SCS6/ 
Ti-6A1-4V  METAL  MATRIX  COMPOSITE,  C.  Jones. 
University  of  Illinois,  National  Centre  for 
Composite  Materials  Research,  Urbana,  IL, 
and  Liverpool  University,  United  Kingdom; 
C.J.  Kiely,  University  of  Illinois,  Materi¬ 
als  Research  Laboratory,  Urbana,  IL,  and 
Liverpool  University,  United  Kingdom;  and 
S.S.  Wang,  University  of  Illinois,  National 
Centre  for  Composite  Materials  Research, 
Urbana,  IL. 

4:00  N2.9 

IMPROVED  INTERFACIAL  ADHESION  IN  METAL  MA¬ 
TRIX/METALLIC  GLASS  COMPOSITES,  Uwe  Kdster 
and  Margret  Blank-Bewersdorf f ,  University  of 
Dortmund,  Department  of  Chemical  Engineer¬ 
ing,  Dortmund,  West  Germany. 


4 : 15 

HIGH-TEMPERATURE  EVALUATION  OF  THE  NICKEL/ 
GRAPHITE  INTERFACE,  Nea  S.  Wheeler.  David  S. 
Lashmore,  and  Alexander  J.  Shapiro,  National 
Institute  of  Standards  and  Technology,  Elec¬ 
trodeposition  Department,  Gaithersburg,  MD. 

4:30  N2.ll 

THE  INFLUENCE  OF  INTERFACIAL  MODIFICATION  ON 
TENSILE  STRENGTH  OF  GR/AL  COMPOSITES,  Chen 
Ho,  Guoding  Zhang,  and  Ren  lie  Wu .  Shanghai 
Jiao  Tong  University,  Institute  of  Composite 
Materials,  Shanghai,  China. 

SESSION  N3 :  INTERFACES  IN  POLYMER 
COMPOSITES  I 
Chair:  M.  Tirrell 
Tuesday  Morning,  November  28 
America  Center  (W) 

8:30  *N3 . 1 

THERMOMECHANICAL  STABILITY  OF  ORGANOSILANE 
AND  ORGANOTITANATE  INTERPHASES  IN  GLASS 
REINFORCED  COMPOSITES,  A.T.  DiBenedetto .  S. 
Connelly,  J.  Gomez,  and  G.  Haddad,  Univer¬ 
sity  of  Connecticut,  Chemical  Engineering 
Department,  Storrs,  CT. 

9:00  N3.2 

FILAMENT  FRAGMENTATION  PHENOMENA,  Juan  C. 
Figueroa .  E.  I.  duPont  de  Nemours  &  Co., 
Inc.,  Engineering  Research  and  Development 
Division,  Wilmington,  DE;  Linda  S.  Schadler 
and  Campbell  Laird,  University  of  Penn¬ 
sylvania,  Materials  Science  and  Engineering 
Department,  Philadelphia,  PA. 

9:15  *N3 . 3 

APPLICATION  OF  COLD  PLASMA  IN  TAILOR-DESIGN¬ 
ING  COMPOSITE  INTERFACES,  Nakho  Sung.  Tufts 
University,  Laboratory  of  Materials  and 
Interfaces,  Medford,  MA. 

9:45  N3 . 4 

THE  EFFECTS  OF  FIBER  SURFACE  TREATMENTS  BY  A 
COLD  PLASMA  IN  CARBON  FIBER/BISMALEIMIDE 
COMPOSITE,  Tao  C.  Chang  and  Bor  Z.  Jang. 
Auburn  University,  Materials  Engineering 
Program,  Department  of  Mechanical  Engineer¬ 
ing,  Auburn,  AL. 

10:00  BREAK 

10:30  *N3 . 5 

TAILORED  INTERPHASES  IN  FIBRE  REINFORCED 
POLYMERS,  Michael  R.  Piggott.  University  of 
Toronto,  Department  of  Chemical  Engineering, 
Ontario,  Canada. 

11:00  N3.6 

A  TEM  STUDY  OF  AN  ADHESIVE/SHEET  MOLDING 
COMPOUND  INTERFACE,  Eduardo  A.  Kamenetzky 
and  Raymond  S.  Farinato,  American  Cyanamid, 
Stamford  Research  Laboratories,  Stamford, 
CT. 
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11:15  N3.7 

STUDY  OF  TRANSCRYSTALLIZATION  IN  POLYMER 
COMPOSITES,  Beniamin  S.  Hsiao  and  Eric  J.H. 
Chen,  E.  I.  duPont  de  Nemours  &  Co.,  Inc., 
Fibers  Department,  Pioneering  Research 
Laboratory,  Wilmington,  DE. 

11:30  N3.6 

THE  EFFECT  OF  SALT  WATER  ABSORPTION  ON 
INTERFACIAL  DEGRADATION  IN  POLYMERIC  COM¬ 
POSITE  MATERIALS,  Walter  L.  Bradley  and  Tim 
Grant .  Texas  A&M  University,  Mechanical 
Engineering,  College  Station,  TX. 

11:45  N3.9 

THE  INFLUENCE  OF  WATER  ON  THE  EPOXY  RESIN- 
GLASS  INTERPHASES,  Robert  Kosfeld,  Thomas 
Marzi,  Ulrich  Schroder  and  Michael  Hess. 
University  of  Duisburg,  Department  of  Physi¬ 
cal  Chemistry,  Duisburg,  West  Germany. 

SESSION  N4 :  INTERFACES  IN  POLYMER 
COMPOSITES  II 
Chair:  A.  T.  DiBenedetto 

Tuesday  Afternoon,  November  28 
America  Center  (W) 

1:30  *N4 . 1 

INTRINsf  C  MATERIAL  LIMITATIONS  IN  USING 
INTERPHASE  MODIFICATION  TO  ALTER  FIBER- 
MATRIX  ADHESION  IN  COMPOSITE  MATERIALS, 
Lawrence  T.  Dr2al .  Michigan  State  Univer¬ 
sity,  Composite  Materials  and  Structures 
Center,  East  Lansing,  MI. 

2:00  N4.2 

ACID/BASE  PROPERTIES  OF  CARBON  AND  GRAPHITE 
FIBER  SURFACES,  Sheldon  P.  Wesson.  TRI/Prin- 
ceton,  Princeton,  NJ ;  and  Ronald  E.  Allred, 
PDA  Engineering,  Materials  Development 
Department,  Albuquerque,  NM. 

2:15  N4.3 

CORRELATION  BETWEEN  FIBRE  SURFACE  ENERGETICS 
AND  FIBRE-MATRIX  ADHESION  IN  CARBON  FIBRE 
REINFORCED  PEEK  COMPOSITE,  D.J.  Hodae ■  B. 
Middlemiss  and  J.A.  Peacock,  ICI,  Wilton 
Materials  Research  Centre,  Cleveland,  United 
Kingdom. 

2:30  N4.4 

EFFECT  OF  SURFACE  OXYGEN  ON  ADHESION  OF 
CARBON  FIBER  REINFORCED  EPOXY  COMPOSITES, 
P.W.  Yip  and  S.S.  Lin,  Army  Materials  Tech¬ 
nology  Laboratory,  Watertown,  MA. 

2:45  N.4--.5 

INTERFACIAL  EFFECTS  OF  PLASMA  TREATMENT  ON 
FIBER  PULL-OUT,  Umesh  Gaur.  TRI  Princeton, 
Princeton,  NJ;  and  Theodore  Davidson,  Uni¬ 
versity  of  Connecticut,  Center  for  Surface 
and  Interface  Research,  Storrs,  CT. 

3:00  BREAK 


3:30  N4.6 

INTERPHASE  BEHAVIOR  IN  CYCLIC  FATIGUE  OF 
MONOFILAMENT  COMPOSITES,  Linda  S.  Schadler. 
University  of  Pennsylvania,  Department  of 
Materials  Science  and  Engineering,  Philadel¬ 
phia,  PA;  Juan  C.  Figueroa,  E.  I.  duPont  de 
Nemours  &  Co.,  Inc.,  Wilmington,  DE;  and  C. 
Laird,  University  of  Pennsylvania,  Philadel¬ 
phia,  PA. 

3:45  N4.7 

INTERLAMINAR  FRACTURE  IN  CARBON  FIBER/THER¬ 
MOPLASTIC  COMPOSITES,  J.A.  Hinklev .  NASA 
Langley  Research  Center,  Hampton,  VA;  W.D. 
Bascom,  University  of  Utah,  Department  of 
Materials  Science  and  Engineering,  Salt  Lake 
City,  UT;  and  R.E.  Allred,  PDA  Engineering, 
Albuquerque,  NM. 

4:00  N4.8 

EFFECTS  OF  SURFACE  TREATMENTS  ON  TENSILE  AND 
INTERFACE  SHEAR  STRENGTHS  IN  GLASS  FIBER/RE¬ 
SIN  MATRIX  COMPOSITES,  Albert  A.  Kruaer , 
Batte 1 1 e- Pacif ic  Northwest  Laboratory, 
Chemical  Sciences,  Richland,  WA. 

4:15  N4.9 

INTERFACIAL  INTERACTIONS  IN  SILICA  REIN¬ 
FORCED  SILICONES,  M.I.  Aranguren,  C.W. 
Macosko .  M.  Tirrell  and  B.  Thakkar,  Univer¬ 
sity  of  Minnesota,  Department  of  Chemical 
Engineering  and  Materials  Science,  Minneapo¬ 
lis,  MN. 

4:30  N4.10 

AN  INTERFACIAL  THERMODYNAMIC  STUDY  ON  NTC 
PHENOMENON  OF  CONDUCTIVE  HDPE  COMPOSITES, 
Zhang  Mingqiu  and  Zena  Hanmin.  Zhongshan 
University,  Materials  Science  Institute, 
Guangzhou,  China. 

SESSION  N5 :  POSTER  SESSION 
Tuesday  Evening,  November  28 
7:00  p.m.  -  10:00  p.m. 

America  Ballroom  (W) 

N5.1  FRACTO-EMISSION  STUDIES  OF  INTERFA¬ 

CIAL  FAILURE  IN  COMPOSITES,  J.T.  Dickinson. 
L.C.  Jensen,  and  B.A.  Mielke,  Washington 
State  University,  Department  of  Physics, 
Pullman,  WA. 

N5.2  INTERFACES  WITH  DISCONTINUITIES  AND 

INTERPHASES  WITH  CONTINUOUSLY  VARYING 
PROPERTIES  IN  COMPOSITE  MATERIALS,  C.S. 
Chen .  General  Dynamics,  Structure  and 
Materials  Department,  Ft.  Worth,  TX. 

N5.3  A  SOLID-STATE  NMR  STUDY  OF  THE 

PMMA-A1203  INTERFACE,  Kariofilis 
Konstadinidis  University  of  Minnesota, 
Department  of  Chemical  Engineering  and 
Materials  Science,  Minneapolis,  MN;  John 
Evans  and  Matthew  Tirrell,  University  of 
Minnesota,  Department  of  Chemistry,  Min¬ 
neapolis,  MN. 
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N5.4  SPREADING  OF  LIQUID  DROPLETS  ON 
CYLINDRICAL  SURFACES:  ACCURATE  DETERMINATION 
OF  CONTACT  ANGLE,  H.  Daniel  Waaner.  The 
Weizmann  Institute  of  Science,  Polymeric 
Composites  Laboratory,  Department  of  Materi¬ 
als  Research,  Rehovot,  Israel. 

N5.5  AN  OPTICAL  METHOD  TO  CHARACTERIZE 
IMPREGNATION  AND  WETTING  OF  GLASS-FIBERS 
WITH  EPOXY  RESIN,  Robert  Kosfeld,  Thomas 
Marzi,  Ulrich  Schroder,  and  Michael  Hess. 
University  of  Duisburg,  Department  of 
Physical  Chemistry,  Duisburg,  West  Germany. 

N5.6  THE  INFLUENCE  OF  ANNEALING  ON  THE 
BEHAVIOUR  OF  EPOXY-GLASS  INTERPHASES,  Robert 
Kosfeld,  Thomas  Marzi,  Ulrich  Schroder, 
Michael  Hess  .  University  of  Duisburg, 
Department  of  Physical  Chemistry,  Duisburg, 
West  Germany. 

N5.7  THE  ROLE  OF  RESIDUAL  STRESSES  IN 
THE  CRACKING  OF  A  MODEL  METAL-CERAMIC  SYS¬ 
TEM,  A1203/  Ta(Ti),  A . H .  Bartlett.  M.  Ruhle, 
and  A.G.  Evans,  University  of  California, 
Santa  Barbara,  Materials  Department,  Santa 
Barbara,  CA. 

N5.8  THE  STRENGTH  AND  FRACTURE  OF 
CERAMIC/METAL  BONDED  SYSTEMS,  M.Y.  He  and 
A.G.  Evans,  University  of  California, 
Materials  Department,  Santa  Barbara,  CA. 

N5.9  CVD  Mo  AND  W  OXYCARBIDE  COATINGS  ON 
SiC  YARN,  Michael  Kmetz .  Beng  Jit  Tan, 
University  of  Connecticut,  Department  of 
Chemistry,  Storrs ,  CT;  Francis  S.  Galasso, 
United  Technologies  Research  Center,  East 
Hartford,  CT;  and  Steven  L.  Suib,  University 
of  Connecticut,  Department  of  Chemistry,  and 
Department  of  Chemical  Engineering,  Storrs, 
CT. 

N5.10  SOLID  STATE  BONDING  OF  Si3N4  and 
Ni,  Jian-Yih  Wang  and  Shu-En  Hsu,  Chung  Shan 
Institute  of  Science  and  Technology,  Materi¬ 
als  Research  and  Development  Center,  Taiwan, 
China;  and  Yoichi  Ishida,  University  of 
Tokyo,  Institute  of  Industrial  Science, 
Tokyo,  Japan. 

N5.ll  CHEMICAL  INTERACTIONS  IN  THE  ALUM I - 
UM-CARBON  AND  ALUMINUM-SILICON  CARBIDE 
SYSTEMS,  Benii  Maruyama .  Naval  Research 
Laboratory,  Washington,  DC;  Fumio  S.  Ohuchi, 
E.  I.  duPont  de  Nemours  &  Co.,  Inc., 
Experimental  Station,  Wilmington,  DE; 
Llewellyn  K.  Rabenberg,  The  University  of 
Texas  at  Austin,  Center  for  Materials 
Science,  Austin,  TX. 


NS.12  STABILITY  AND  REACTIONS  AT  COM¬ 
POSITE  INTERFACES  OF  TITANIUM  ALUMINIDES 
WITH  POTENTIAL  FIBER  MATERIALS,  J.A.  DeKock . 
M.-X.  Zhang,  and  Y.A.  Chang,  University  of 
Wisconsin,  Department  of  Materials  Science 
and  Engineering,  Madison,  WI;  and  O.Y.  Chen, 
Pratt  and  Whitney,  United  Technologies,  East 
Hartford,  CT. 

N5.13  CHARACTERIZATION  OF  INTERFACES  IN 
SiC  PARTICULATE-REINFORCED  A1  ALLOYS  USING 
AEM,  D.-Q.  Huang,  Y.-P.  Lin,  and  B.W. 
Robertson .  McMaster  University,  Department 
of  Materials  Science  and  Engineering,  On¬ 
tario,  Canada. 

N5.14  THE  DISLOCATION  STRUCTURE  AND 
ENERGY  OF  NiO-Pt  INTERFACES,  F.-S.  Shieu  and 
S.L.  Sass,  Cornell  University,  Department  of 
Materials  Science  and  Engineering,  Ithaca, 
NY. 

N5.15  EFFECT  OF  ANNEALING  ON  THE  ALUM I - 
NUM/SiC  INTERFACE  STRUCTURE  AND  COMPOSITION, 
Oiona  Li .  Janez  Megusar  and  James  A.  Cornie, 
Massachusetts  Institute  of  Technology, 
Department  of  Materials  Science  and  En¬ 
gineering,  Cambridge,  MA. 

NS. 16  INTERFACE  ELECTRONIC  STRUCTURE  OF 
TITANIUM  ALUMINI DE  COMPOSITES,  D . D ■ 
Vvedensky  and  S.  Crampin,  Imperial  College, 
Department  of  Physics,  The  Blackett  Labora¬ 
tory,  London,  England;  M.E.  Eberhart,  Los 
Alamos  National  Laboratory,  Department 
MST-6,  Los  Alamos,  NM;  J.M.  MacLaren ,  Los 
Alamos  National  Laboratory,  Department  T-ll, 
Los  Alamos,  NM;  L.  Christodoulou ,  Martin 
Marietta  Laboratories,  Baltimore,  MD. 

N5.17  A  COMPARISON  OF  SOLID  STATE  REAC¬ 
TIONS  IN  MECHANICALLY  DEFORMED  MULTILAYERED 
COMPOSITES  IN  THE  NI-TI  AND  NI-ZR  SYSTEMS, 
B.E.  White,  M.E.  Patt  and  E.J.  Cotts .  State 
University  of  New  York  at  Binghamton,  De¬ 
partment  of  Physics,  Applied  Physics  and 
Astronomy,  Binghamton,  NY. 

N5 . 18  AC  SPECTROSCOPY  OF  COMPOSITE  MATE¬ 
RIALS,  R.  Gerhardt.  Rutgers  University, 
Department  of  Ceramics,  Piscataway,  NJ. 

N5 .19  NONDESTRUCTIVE  EVALUATION  OF  INTER¬ 
FACIAL  DAMAGE  IN  SiC/Al  CONTINUOUS  FIBER 
COMPOSITES,  T.M.  Breunia.  S.R.  Stock,  and 
S.D.  Antolovich,  Georgia  Institute  of  Tech¬ 
nology,  Mecnanical  Properties  Research 
Laboratory  and  School  of  Materials  Engineer¬ 
ing,  Atlanta,  GA;  J.H.  Kinney,  R.A.  Saroyan, 
and  Q.C.  Johnson,  Lawrence  Livermore  Nation¬ 
al  Laboratory,  Chemical  and  Materials  Sci¬ 
ence  Department,  Livermore,  CA;  M.C. 
Nichols,  Sandia  National  Laboratories, 
Materials  Department,  Livermore,  CA;  and  U. 
Bonse,  Dortmund  University,  Department  of 
Physics,  Dortmund,  West  Germany. 


494 


N5-20 


INTERACTIONS  OF  ACRYLIC  PO^YMES 
WITH  ALUMINUM  SURFACES,  J.  Scott  Shaffer, 
and  Arup  K.  Chakrabortv .  University  of 
California,  Berkeley,  Center  for  Advanced 
Materials,  Lawrence  Berkeley  Laboratory,  and 
Department  of  Chemical  Engineering,  Berke¬ 
ley,  CA;  H.T.  Davis  and  Matthew  Tirrell, 
University  of  Minnesota,  Department  of 
Chemical  Engineering  and  Material  Science, 
Minneapolis,  MN. 

NS-21  THE  PRODUCTION  OF  MODULUS  GRADIENTS 
AT  INTERFACES,  Andrew  Garton.  Gautam 
Haldankar  and  Edward  Shockey,  University  of 
Connecticut,  Polymer  Program,  Storrs,  CT. 

N5.22  SURFACE  TREATMENT  OF  CARBON  FIBERS 
FOR  USE  IN  COMPOSITES  WITH  THERMOPLASTIC 
RESINS,  Aharon  Moshonov,  Rafael  Institute, 
Haifa,  Israel;  Hong  Li,  Georgia  Institute  of 
Technology,  Atlanta,  GA;  and  John  D.  Muzzy. 
Georgia  Institute  of  Technology,  Atlanta, 
GA . 

N5.23  EFFECT  OF  Ti+ ,  Ar+  AND  N+  ION 
IMPLANTATION  ON  ARAMID  FIBER  ADHESIVE 
PROPERTIES,  J.  Kalantar.  Michigan  State 
University,  Department  of  Chemical  Engineer¬ 
ing,  East  Lansing,  MI;  D.S.  Grummon , 
Michigan  State  University,  Department  of 
Metallurgy,  Mechanics  and  Materials  Science, 
East  Lansing,  MI;  I.H.  I, oh,  Advanced  Surface 
Technology,  Inc.,  Waltham,  MA;  and  R. A. 
Mood;*  ,  Spire  Corporation,  Patriots  Park/ 
Bedford,  MA. 

N5.24  DETERMINATION  OF  FLEXIBLE  INTERLAYER 
THICKNESS  FOR  FIBER  REINFORCED  COMPOSITES, 
Kina  H.  Lo .  Robert  W.  Schmitz  and  william  G. 
Gottenberg,  Shell  Development  Company, 
Houston,  TX. 

SESSION  N6 :  ADHESION  AND  STRENGTH 
OF  INTERFACES 
Chair:  T.  A.  Michalske 

Wednesday  Morning,  November  29 
America  Center  (W) 

8:45  *N6 . 1 

MEASUREMENT  OF  MOLECULAR  FORCES  AT  SILICA 
SURFACES,  Bimal  Thakkar  and  M.  Tirrell . 
University  of  Minnesota,  Department  of 
Chemical  Engineering  and  Materials  Science, 
Minneapolis,  MN;  and  Donald  J.  David,  Mon¬ 
santo  Corporation,  Saflex  Technology, 
Sprii  gfield,  MA. 

9:15  N6.2 

SURFACE  FORCES  AND  ADHESION  BETWEEN  DIS¬ 
SIMILAR  MATERIALS  MEASURED  IN  VARIOUS  EN¬ 
VIRONMENTS,  Douglas  T.  Smith  and  Roger  G. 
Horn,  National  Institute  of  Standards  and 
Technology,  Ceramics  Division,  Gaithersburg, 
MD. 


9:30  N6  ■  3 

MEASUREMENT  OF  INTERFACIAL  FRACTURE  EJERGY , 

L.  Rosenfeld,  J.E.  Ritter.  M.R.  Lin  and  T.J. 
Lardner,  University  of  Massachusetts,  Mech¬ 
anical  Engineering  Department,  Amherst,  MA. 

9:45  N6.4 

THE  EFFECTS  OF  PLASTICITY  ON  THE  FRACTURE 
RESISTANCE  OF  GOLD/ALUMINA  INTERFACES,  Jvar 
E.  Reimanis.  Brian  J.  Dalgleish,  M.  Riihle 
and  Anthony  G.  Evans,  University  of  Califor¬ 
nia,  Santa  Barbara,  Materials  Department, 
Santa  Barbara,  CA. 

10:00  BREAK 

10:30  *N6 . 5 

THE  EFFECT  OF  A  WEAK  INTERFACE  ON  TRANVERSE 
PROPERTIES  OF  A  CERAMIC  MATRIX  COMPOSITE, 
R.A.  Shimansky,  H.T.  Hahn  and  N.J.  Salamon, 
The  Pennsylvania  State  University,  Univer¬ 
sity  Park,  PA. 

11:00  N6.6 

THE  EFFECT  OF  INTERFACIAL  STRENGTH  ON  THE 
MECHANICAL  BEHAVIOR  OF  LAMINATED  CERAMICS, 

M. D.  Stuart.  C.J.  Russo,  M.P.  Harmer,  H.M. 
Chan  and  G. A.  Miller,  Lehigh  University, 
Department  of  Materials  Science  and 
Engineering,  Bethlehem,  PA. 

11:15  *N6 . 7 

THE  EFFECT  OF  FIBER  COATINGS  ON  INTERFACIAL 
SHEAR  STRENGTH  AND  THE  MECHANICAL  BEHAVIOR 
OF  CERAMIC  COMPOSITES,  Richard  A.  Lowden . 
Oak  Ridge  National  Laboratory,  Metals  and 
Ceramics  Division,  Oak  Ridge,  TN. 

11:45  N6.B 

IMPROVED  PERFORMANCE  IN  MONOFILAMENT  FIBER 
REINFORCED  GLASS  MATRIX  COMPOSITES  THROUGH 
THE  USE  OF  FIBER  COATINGS,  William  K. 
Tredwav  and  Karl  M.  Prewo,  United  Tech¬ 
nologies  Research  Center,  East  Hartford,  CT. 

SESSION  N7 :  INTERFACES  IN  CERAMICS 
AND  CERAMIC  COMPOSITES 
Chair:  W.  K.  Tredway 

Wednesday  Afternoon,  November  29 
America  Center  (W) 

1:30  *N7 . 1 

INTERFACIAL  MICROSTRUCTURE  AND  FRACTURE  OF 
ALUMINA  FIBER  REINFORCED  GLASS  MATRIX  COM¬ 
POSITES,  T . A .  Michalske.  Sandia  National 
Laboratories,  Albuquerque,  NM. 

2:00  N7.2 

THE  ROLE  OF  TIN  DIOXIDE  (Sn02)  INTERPHASE  IN 
THE  MECHANICAL  BEHAVIOR  OF  ALUMINA/GLASS 
COMPOSITE,  M.H.  Siadati  and  K.K.  Chawla,  New 
Mexico  Institute  of  Mining  and  Technology, 
Materials  Engineering  Department,  Socorro, 
NM. 
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2:15  N7.3 

THE  STRUCTURE  OF  INTERFACES  RESULTING  FROM 
WHISKER  SURFACE  PRETREATMENTS  IN  SiC 
WHISKER-REINFORCED  CERAMIC  MATRIX  COMPO¬ 
SITES,  T.  A.  Nolan  and  L.F.  Allard.  Oak 
Ridge  National  Laboratory,  High  Temperature 
Materials  Laboratory,  Oak  Ridge,  TN;  M.H. 
Rawlins,  American  Matrix,  Inc.,  Knoxville, 
TN. 

2  :  30  N7.4 

THE  EFFECT  OF  INTERFACE  STRUCTURE  ON  THE 
FRACTURE  OF  A1/A1203  COMPOSITES,  B.D.  Flinn. 
F.W.  Zok,  F.F.  Lange,  M.  Ruhle,  and  A.G. 
Evans,  University  of  California,  Santa 
Barbara,  Materials  Department,  Santa  Bar¬ 
bara,  CA. 

2:45  N7.5 

CREEP  PROPERTIES  AND  INTERFACIAL  MICROSTRUC¬ 
TURE  OF  SiC  WHISKER  REINFORCED  Si3N4 ,  Anders 
H .  Swan  and  Lena  K.L.  Falk,  Chalmers  Univer¬ 
sity  of  Technology,  Physics  Department, 
Gothenburg,  Sweden. 

3:00  N7.6 

HIGH  TEMPERATURE  FRACTURE  OF  SiC  WHISKER 
REINFORCED  A1203  MATRIX  COMPOSITES,  C^ 
Manain .  J.  Homeny,  University  of  Illinois, 
Materials  Science/Ceramics  Department, 
Urbana,  IL;  and  S.S.  Wang,  University  of 

Illinois,  Theory/Applied  Mechanics  Depart¬ 
ment,  Urbana,  IL. 

3:15  N7.7 

THE  ROLE  OF  CRYSTALLIZATION  OF  AN  INTER¬ 
GRANULAR  GLASSY  PHASE  IN  DETERMINING  GRAIN 
BOUNDARY  RESIDUAL  STRESSES  IN  DEBASED  ALUMI¬ 
NA,  Nit  in  P.  Padture  and  Helen  M.  Chan, 
Lehigh  University,  Department  of  Materials 
Science  and  Engineering,  Bethlehem,  PA; 
Brian  R.  Lawn,  National  Institute  of  Stan¬ 
dards  and  Technology,  Ceramics  Division, 
Gaithersburg,  MD;  and  Michael  J.  Readey, 
Coors  Ceramic  Company,  Golden,  CO. 

3 : 30  N7.8 

THE  EFFECT  OF  RESIDUAL  GRAIN  BOUNDARY 
STRESSES  ON  MECHANICAL  PROPERTIES  OF  ALUMI¬ 
NA-BASED  CERAMICS,  J .  D .  French.  H.M.  Chan, 
M.P.  Harmer,  and  G.A.  Miller,  Lehigh  Univer¬ 
sity,  Department  of  Materials  Science  and 
Engineering,  Bethlehem,  PA. 
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N1 . 1 

STRESS  FIELD  CHARACTERISTICS  AND  DATA  INTERPRETATION  IN 
INTERFACE  MEASUREMENTS  OF  CERAMIC  COMPOSITES.  John  F 
Mandell.  Montana  State  University,  Bozeman.  MT;  and  Shyh-Hua  Jao, 
Massachusetts  Institute  ot  Technology,  Cambridge,  MA. 

The  interpretation  of  debonding  events  in  various  lest  methods  for  interface 
characterization  of  composite  materials  is  inherently  difficult  due  to  the 
complex  stress  fields  which  exist  along  interfaces.  The  particular  case  ol 
indentation-type  tests  which  compressively  load  the  ends  of  individual  fibers 
has  been  investigated  using  a  cylinder-type  model  and  finite  element 
analysis,  with  special  attention  to  residual  thermal  siresses  and  the  singular 
point  at  the  corner  of  the  fiber  and  the  polished  surface.  Cases  investigated 
include  carbon  and  ceramic  fibers,  glass  and  glass-ceramic  matrices  with 
varying  coefficients  of  thermal  expansion,  and  specific  modelling  of  carbon 
interphase  regions. 

The  results  show  that  the  strength  of  the  singularity  at  the  fiber  corner  is 
generally  weak  if  the  fiber  and  matrix  moduli  are  of  similar  order  of 
magnitude.  The  presence  of  a  carbon  interphase  tends  to  localize  the 
singular  zones.  Amsotrophy  of  carbon  fibers  has  a  significant  effect,  and 
they  have  been  found  m  some  cases  to  debond  at  the  free  surface  solely 
due  to  residual  stresses.  The  results  appear  to  correlate  data  for  a  variety  ot 
different  Nicalon  fiber/glass-ceramic  matrix  systems  where  carbon  interphase 
thickness  and  residual  stresses  are  considered. 

N1.2 

A  NEW  MODEL  FOR  THE  DEBONDING  OF  DISCONTINUOUS 
FIBERS  IN  AN  ELASTIC  MATRIX.  Christopher  K.Y.  Iztnng  and  Victor 
>  Li,  Department  of  Civil  Engineering,  M.I.T.,  Cambridge,  MA  02139. 

The  mechanical  properties  of  fiber  composites  are  strongly  influenced  by 
the  debonding  of  fibers.  When  an  embedded  fiber  is  loaded  from  one  end, 
debonding  can  occur  at  both  the  loaded  end  and  the  embedded  end.  In 
existing  theories,  only  debonding  from  the  loaded  end  is  considered. 

During  debonding,  stress  transfer  between  fiber  and  matrix  leads  to 
continued  decrease  in  fiber  strain  and  increase  in  matrix  strain.  As  the 
debonded  zone  length  approaches  the  embedded  fiber  end,  a  point  will  be 
reached  where  the  longitudinal  displacement  in  the  matrix  is  higher  than  that 
in  the  fiber,  which  is  physically  impossible.  However,  if  debonding  from 
both  ends  of  the  fiber  is  considered,  the  size  of  the  debonded  zones  will  be 
limited  and  so  is  the  amount  of  stress  transfer  between  fiber  and  matrix. 
Matrix  displacement  will  then  always  remain  lower  than  fiber  displacement. 

A  new  theory  for  fiber  debonding  which  considers  debonding  from  both 
ends  of  the  fiber  is  proposed.  A  new  way  to  interpret  the  single  fiber  pull¬ 
out  test  as  well  as  the  correlation  of  fiber  debonding  in  a  pull-out  specimen 
and  that  in  the  composite  will  be  discussed.  The  new  theory  will  be 
compared  with  existing  theories  for  various  lengths,  volume  fractions  and 
moduli  of  fiber.  It  is  suggested  that  the  new  theory  can  extend  the  validity 
of  existing  theories  from  short  fiber  composites  with  low  Vf  and  Ef  to  all 
general  cases. 

N1.3 

STICK-SUP  DURING  FIBRE  PUU.-OtJT.  Robert  Cook,  Michael 
Thoulcss,  and  David  Clarke,  IBM.  Thomas  J.  Watson  Research  Center, 
Yorktown  Heights,  NY. 


The  mechanics  associated  with  intcrfacial  sliding  and  debonding  is  of 
paramount  importance  in  determining  the  toughness  of  fibre-reinforced 
brittle-matrix  composites.  As  a  crack  advances  through  such  a  com¬ 
posite  it  is  straddled  by  fibres  and,  if  the  fibres  arc  fairly  brittle,  only  the 
energy  lost  when  the  debonded  fibres  slide  against  the  matrix  signif¬ 
icantly  influences  the  toughness.  The  mechanics  of  delamination  and 
pull-out  can  most  easily  be  studied  by  investigating  a  model  system 
consisting  of  a  single  fibre  embedded  in  a  matrix.  Here  we  present  some 


initial  findings  of  the  phenomena  that  occur  during  single  fibre  pull-out. 
In  particular,  we  focus  on  the  stick-slip  behavior  after  delamination:  the 
fibre  sticks  and  the  load  in  the  fibre  increases  to  a  critical  value,  at  which 
point  the  fibre  suddenly  slips  to  a  new  position  and  sticks  again.  The 
implications  of  these  results  for  fibre-composite  toughening  models  will 
he  discussed. 

N1.4 

EFFECTS  OF  A  FRICTIONAL  INTERFACE  ON  THE  LOAD 
DIFFUSION  FROM  A  BROKEN  FIBER  IN  A  FIBER- 
REINFORCED  COMPOSITE.  Bulent  Aksel,  Theoretical  and 
Applied  Mechanics,  Cornell  Univ.,  Ithaca,  N.Y.;  Dimitris  (L 
Lagoudas.  Civil  Engineering,  Rensselaer  Polytechnic  Inst.,  Troy, 
N.Y.;  and  Chung-Yuen  Hui,  Theoretical  And  Applied  Mechanics, 
Cornell  Univ.,  Ithaca,  N.Y. 

The  effects  of  a  frictional  interface  on  the  load  diffusion  from  a 
broken  fiber  to  the  surrounding  matrix  material  and  the  extent  of 
slip  near  the  fiber  break  in  a  single— fiber  reinforced  composite  of 
infinite  extent  are  studied  by  using  a  finite  element  method.  The 
numerically  computed  axial  load  carried  by  the  fiber  for  the  perfect 
bond  case  (high  coefficient  of  friction)  is  first  compared  with 
analytical  results.  Then,  the  normal  and  shear  stresses  on  the 
interface,  the  extend  of  the  slip  zone  as  well  as  the  amount  of  the 
relative  slip  and  the  axial  load  of  the  fiber  are  evaluated  for  different 
frictional  coefficients  and  material  parameters  for  both  the  fiber  and 
the  matrix.  A  shear-lag  analysis  is  also  carried  out  for  a  closed  form 
prediction  of  the  fiber  load  diffusion,  the  relative  slip  and  the  extend 
of  the  slip  zone,  resulting  in  good  agreement  with  the  finite  element 
method  results. 

Ml. 5 

A  CRITICAL  EVALUATION  OF  THE  USE  OF  THE 
MICROBOND  METHOD  FOR  DETERMINATION  OF 
COMPOSITE  INTERFACIAL  PROPERTIES.  R.  A.  Haaksma 
and  M.  J.  Cehelnik,  Alcoa  Laboratories,  Alcoa  Center,  PA,  15069. 

Although  the  microbond  or  microdebond  method  has  been  applied 
with  increasing  frequency  to  characterize  interfacial  adhesion  in 
fiber  reinforced  composites,  a  number  of  serious  questions  remain 
regarding  the  interpretation  of  experimental  data.  Tins  paper 
addresses  variables  in  the  microbond  test  procedure  including 
intrinsic  material  properties,  specimen  preparation  methods,  force 
measurement  and  force  application  techniques. 

The  applicability  and  the  limitations  of  the  microbond  test  for 
characterization  of  the  interfacial  properties  in  composites  will  be 
considered  through  the  discussion  and  evaluation  of  extensive 
results  obtained  in  our  laboratory.  When  experimental  data, 
generated  for  several  different  fiber/resin  combinations,  is 
presented  in  the  typical  manner  (plots  of  applied  debonding  force 
versus  fiber  embedded  length),  a  consistent  and  previously 
unexplained  trend  has  been  observed.  The  possible  origins  of  this 
effect,  which  produces  apparent  negative  forces  values  on  linear 
extrapolation  to  zero  embedded  length,  will  be  explored  in  terms  of 
specimen  failure  mechanisms.  Experiments,  conducted  using 
various  techniques  for  measurement  and  application  of  force  (point 
loading  versus  circular  contact),  will  also  be  discussed. 

N1.6 

TAILORED  INTERFACES  IN  COMPOSITE  MATERIALS.  John  G. 
Williams,  Michigan  Technological  University,  Houghton, 

MI;  Mary  E.  Donnellan,  Naval  Air  Development  Center, 
Warminster,  PA;  M.  R.  James,  Rockwell  Interatlonal , 

Thousand  Oaks,  CA;  and  W.  L.  Morris,  Rockwell 
Interatlonal,  Thousand  Oaks,  CA. 

The  mechanical  properties  of  the  material  surrounding 
a  single  carbon,  fiber  In  an  epoxy  matrix  have  been 
studied.  Properties  were  determined  within  100  nm  of 
the  fiber.  A  pronounced  soft  interphase  was  revealed 
adjacent  to  the  fiber. 

A  single  fiber  was  embedded  In  a  small  supported  disk 
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of  epoxy  matrix.  The  fiber  was  loaded  In  tension. 
Examination  of  the  surface  displacements  in  the  resin 
revealed  that  the  matrix  material  within  250  nm  of  the 
fiber  was  substantially  softer  than  the  matrix  far 
from  the  fiber.  This  Interphase  material  was  active 
In  creep.  Measurement  of  indentation  properties  of 
the  matrix  around  a  single  fiber  showed  that  the 
material  close  to  the  fiber  exhibited  an  apparently 
high  modulus  due  to  restriction  by  the  fiber.  The 
Implications  of  these  findings  are  discussed. 

N1.7 

THE  INTERFACE  IN  TUNGSTEN  FIBER  REINFORCED  NIOBIUM  METAL 
MATRIX  COMPOSITES.  Toni  Grobstein.  NASA  Lewis  Research 
Center,  Cleveland,  Ohio  and  Wee  Wann  Yun,  Cleveland  State 
University,  Resident  Research  Associate  at  the  NASA  Lewis 
Research  Center,  Cleveland,  Ohio. 

The  fiber/matrix  interface  of  W/Nb  composites  was  charac¬ 
terized  by  microhardness  measurements  and  electron  probe 
microanalysis  which  implied  that  its  properties  were  between 
those  of  the  fiber  and  the  matrix.  This  was  expected  given 
that  the  tungsten/niobium  phase  diagram  forms  a  continuous 
solid  solution.  The  tensile  and  creep-rupture  properties  of 
the  W/Nb  composites  were  measured  from  1300  to  1600  K,  and 
these  results  were  evaluated  using  the  rule  of  mixtures. 

The  projected  strength  of  the  interface  region  was  taken 
into  account  in  these  calculations.  In  addition,  Kirkendall 
void  formation  was  observed  at  the  fiber/matrix  interface 
after  long  times  at  temperature.  However,  the  interdif¬ 
fusion  between  tungsten  and  niobium  did  not  significantly 
degrade  the  axial  creep-rupture  strength  of  the 
unidirectionally  reinforced  composites  at  times  up  to 
5000  hr  at  1500  K.  Both  the  tensile  strength  and  the  creep 
resistance  of  the  tungsten  fiber  reinforced  composites 
significantly  exceed  that  of  monolithic  niobium  alloys  even 
when  compared  on  a  strength  to  density  basis. 

Ni  .  8 

INTERFACE  MICROMECHANICS  AND  TOUGHENING  PROPERTIES  OF 
DUCTILE  INTERFACE  LAYERS  IN  CERAMIC  MATRIX  COMPOSITES. 

E.  P.  Butler  and  E .  R.  Ful Ler .  Jr . .  National  Institute 
of  Standards  and  Technology.  Gaithersburg,  MD  20899; 
and  H.  M.  Chan,  Lehigh  University,  Bethlehem.  PA  18015. 

The  toughening  attributes  that  fibers  engender  to  brittle 
ceramics  arise  from  several  phenomena.  Including  crack 
deflection,  flber/matrlx  debonding,  crack  bridging,  and 
frictional  fiber  pulLout.  These  phenomena  are  critically 
dependent  on  properties  of  the  flber/matrlx  Interface: 
the  strength  of  the  interface  determines  the  crack  path, 
either  undeflected  through  the  fibers  or  deflected  along 
the  interface  causing  debonding;  Che  nature  of  interface 
bonding  determines  Che  degree  of  subsequent  crack  bridg¬ 
ing  and  frictional  pullout  in  the  wake  of  the  crack. 

In  this  study  we  examine  the  influence  of  metallic  inter¬ 
face  layers  on  these  phenomena.  Ue  use  a  model  composite 
system  In  which  SIC  monofilaments  with  metallic  coatings 
are  embedded  In  a  boroslllcate  matrix.  Metals  of  various 
ductilities  were  used  for  Che  metallic  Interface  layers, 
for  example.  Cu,  Ni,  and  W-Co.  Layer  thicknesses  were 
nominally  from  1  pm  to  20  pm.  Micromechanics  of  the 
interface,  debond  strength  and  frictional  pullout 
properties,  were  characterized  by  single  fiber  pull-out 
experiments.  Toughening  properties  were  measured  with  a 
fracture  mechanics  configuration,  the  double-c leavage , 
drilled  compression  specimen,  In  which  Individual  flbe-s 
were  Inserted  In  Che  prospective  path  of  the  crack 
Interface  properties  are  correlated  directly  with  the 
toughening  properties.  Crack/flber  Interactions  are 
discussed  In  terms  of  the  ductility  and  thickness  of  the 
metallic  Interface. 


N1.9 

BRIDGING  PROCESSES  IN  DUCTILE  METAL- 
REINFORCED  BRITTLE  MATRIX  COMPOSITES. 

M.C.  Shaw.  Rockwell  Int'l  Science  Center,  Thousand 
Oaks,  CA,  University  of  California,  Santa  Barbara,  CA; 

D.B.  Marshall,  Rockwell  Int'l  Science  Center,  Thousand 
Oaks,  CA;  A.G.  Evans,  University  of  California,  Santa 
Barbara,  CA. 

The  bridging  mechanism  of  toughening  in  ductile- 
metal  reinforced  brittle  matrix  composite  laminates  will 
be  discussed.  Methods  of  experimentally  determining  the 
crack  bridging  tractions  within  the  bridging  zone  of  model 
copper/glass  systems  will  be  described.  Results  will  be 
presented  and  compared  to  predictions  of  theoretical 
models,  demonstrating  the  role  of  the  interface,  and  its 
control  through  processing,  in  dictating  the  balance 
between  composite  strength  and  toughness. 

NI .  10 

EFFECT  OF  COATING  OF  DUCTILE  FIBERS  ON  THE 
TOUGHENING  OF  BRITTLE  INTERMETALLICS.  Herv4  Dfeve. 
A.G.  Evans,  R.  Mehrabian.  University  of  California,  Materials 
Department,  Santa  Barbara,  CA  93106. 

The  toughening  of  Titanium  Aluminides  by  coated  ductile 
reinforcements  was  investigated.  Model  laminate  specimens  of 
y-TiAl  reinforced  with  TiNb  alloys  that  were  coated  with  either 
AI2O3  or  Y2O3  were  studied.  The  specimens  were  fabricated  by 
diffusion  bonding.  Toughening  was  evaluated  using  a  newly 
devised  tensile  testing  method.  In  situ  observation  of  the 
fracture/debonding  process  during  tensile  testing,  using  optical 
microscopy  and  scanning  electron  microscopy,  was  used  to 
document  the  role  of  the  mechanical  response  of  the  interfaces 
on  the  toughening  of  the  composite.  Correlation  was  made 
between  the  toughness  of  the  composite,  the  fracture  energy  of 
the  interfaces,  the  extent  of  debonding,  the  mechanical 
properties,  and  failure  mode  of  the  reinforcements. 

N2.1 

INTERFACIAL  REACTIONS  OF  REFRACTORY  METALS  NIOBIUM 
AND  TANTALUM  WITH  CERAMICS  SILICON  CARBIDE  AND 
ALUMINA.  A.  Joshi,  H.S.  Hu  and  J.  Wadsworth,  Lockheed  Palo  Alto 
Research  Laboratory,  3251  Hanover  street,  Palo  Alto.  CA  94304 

Recent  interest  in  the  development  of  advanced  metal  matrix 
composites  has  prompted  research  on  interfacial  reactions  of  Nb  and  Ta 
with  candidate  reinforcements  such  as  silicon  carbide  and  alumina 
Formation  of  reaction  layers  as  small  as  0.1  pm  can  be  detrimental  to 
composite  strength  and  ductility  and  in  some  instances  to  the  corrosion 
behavior,  which  suggests  the  importance  of  understanding  the  early 
stages  of  interfacial  reactions.  Thin  films  of  Nb  and  Ta  were  sputter 
deposited  on  single  crystal  and  polycry stalline  silicon  carbide  and  on 
sapphire  substrates,  and  the  nature  and  extent  of  reaction  evaluated 
using  Auger  depth  profiling  and  electron  microscopy.  In  the  Nb/SiC 
system,  NbCxis  the  first  reaction  product  to  form,  but  the  overall  extent 
of  the  reaction  is  dominated  by  the  formation  of  the  more  stable 
NbC^Ji  ternary  phase.  Little  or  no  interfacial  reaction  was  observed  in 
the  Nb/Al2C>3  system  for  up  to  4  hours  at  1100®C,  which  also  suggests 
that  A^O*  may  he  a  potential  diffusion  barrier  to  minimize  reactions  in 
the  Nb/SiC  system.  Similar  interesting  observations  were  made  in  the 
Ta/SiC  and  IVAJjOj  systems. 
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N2.2 

SILICON-BASED  OXIDATION-RESISTANT  COATINGS  ON 
NIOBIUM  METAL.  P.D.  Stupik,  A . R ■  Barron*. 

Department  of  Chemistry,  Harvard  University, 
Cambridge,  MA  02138;  M . A.  Nastasi  and  T.  Jervis, 

Los  Alamos  National  Laboratory,  Los  Alamos,  NM 
87545. 

Silicon  coatings  of  varying  thicknesses  on 
niobium  substrates  were  subjected  to  thermal, 
laser,  and  ion  beam  mixing,  and  the  effectiveness 
of  the  different  methods  for  the  synthesis  of 
graded  interfaces  was  compared.  The  resulting 
metal/silicon  interfaces  were  characterized  by 
XPS ,  Auger  and  RBS .  The  morphology  of  the 
coatings  were  studied  using  SEM.  The  samples  were 
baked  under  an  oxygen  atmosphere  in  order  to 
assess  the  relative  stabilities  of  the  interfaces 
to  thermal  stress  and  oxidation. 

N2 . 3 

EFFECT  OF  AMBIENT  ATMOSPHERE  ON  TIHN  FILM 
REACTION  OF  S13N4  WITH  Ti.  S.B.Desu,  Department  of 
Materials  Engineering,  Virginia  Polytechnic  Institute  and  State 
University,  Blacksburg,  VA;  and  J.A.Taylor,  AT&T  Bell 
Laboratories,  Allentown,  PA. 


The  thin  film  reactions  of  S13N.1  with  Ti  were  carried  out  in  both 
argon  ana  nitrogen  under  rapid  thermal  conditions.  The  reaction 
products  were  characterized  by  X-ray  diffraction,  Auger  electron 
spectroscopy  (AES),  X— ray  photoelectrun  spectroscopy,  and 
transmission  electron  microscopy  (TEM).  The  reaction  between 
S13N4  and  Ti  is  a  complex  process  which  is  not  only  influenced  by 
temperature,  but  also  by  ambient  atmosphere. 

The  SijN4  and  Ti  reaction  in  argon  at  lower  temperatures  led  to  the 
formation  of  mostly  Ti5S'i3  at  the  interface,  with  some  contaminant 
oxygen  and  nitrogen  released  from  the  reaction,  uniformly  dissolved 
throughout  the  unreacted  Ti.  At  higher  temperatures,  a  three  layer 
structure.  TiN/TiSi.x/TiN  on  unreacted  SijN-t,  was  developed. 
Depending  on  temperature,  the  observed  silicide  phase  was  either 
Ti  jii5  or  r i S 1 2  (C54). 

Based  on  the  experimental  observations,  a  mechanism  of  reaction  is 
proposed  and  used  to  explain  the  formation  of  three-layered 
structure. 

N2.4 

SPINEL  INTERPHASE  FORMATION  AT  M/AI2O3  INTERFACES  - 
PROSPECTS  FOR  TAILORING  INTERFACE  TENACITY.  Kevin  P. 

T rumble.  Manfred  Riihle*,  and  Anthony  G.  Evans,  Materials 
Department,  University  of  California,  Santa  Barbara,  CA  93106;  *now 
at:  MPI  fur  Metallforschung,  Stuttgart,  FRG. 

The  applicability  of  many  metal-ceramic  combinations  as  high 
temperature  composite  materials  is  ultimately  limited  by  interfacial 
chemical  reactivity.  Among  the  chemical  processes  occurring  at 
metal/ceramic  interfaces,  interphase  formation  has  often  been 
associated  with  dramatic  changes  in  interface  mechanical  integrity.  If 
amenable  to  processing  control,  interphase  formation  represents  a 
potential  means  of  tailoring  interface  tenacity  and.  In  turn, 
composite  mechanical  performance. 

In  the  Ni/AljOs  system,  nickel  aluminate  spinel  (NLAI2O4)  reaction 
layers  have  been  found  to  form  in  numerous  diffusion  bonding  and 
composite  compatibility  studies.  Only  recently,  however,  have  the 
thermodynamics,  kinetics,  and  atomistics  governing  the  underlying 
reaction  process  been  quantitatively  elucidated.  Specifically,  an 
oxygen  activity  dependence  of  spinel  interphase  formation  has  been 
clearly  identified,  which  provides  a  means  of  controlling  the 
formation  of  spinel  reaction  layers  at  NI/AI2O3  Interfaces. 

The  oxygen  activity  effect  is  briefly  reviewed  In  terms  of  the  reaction 


thermodynamics,  kinetics,  and  atomistics.  The  presentation  then 
focuses  on  the  effect  of  spinel  interphase  layers  on  interface 
mechanical  behavior.  Interface  fracture  resistance  measurements  are 
correlated  with  the  resulting  fracture  morphologies.  The 
microstructural  origins  of  the  observed  mechanical  behavior  are 
identified,  establishing  a  sound  basis  for  evaluating  the  potential  for 
tailoring  interface  tenacity  by  controlling  spinel  interphase  formation. 

N2.5 

THE  FORMATION  OF  PERIODIC  STRUCTURES  DURING  SOLID 
STATE  INTERACTIONS  BETWEEN  Pt  AND  SiC.  T.  C.  Chou 
and  A.  Mishra,  R  S  D,  Engelhard  Corp. ,  Edison,  NJ 


Interfaces  between  Pt  and  Sic  are  produced  by 
diffusion  bonding  at  temperatures  from  800  to 
1100°C.  Periodic  structures  consisting  of  alter¬ 
nating  layers  of  C/PtjSi,  C/PtjSi  and  C/platinum 
silicides  mixture  are  generated  in  the  diffusion 
zone  at  900,  1000  and  1100°C,  respectively.  The 
spacing  between  periodic  layers  decreases  as  a 
function  of  distance  from  the  reaction  interface. 
The  interactions  between  Pt  and  Sic  are  extensive; 
the  reaction  rate  constants  were  calculated  to 
vary  between  10"7  to  10-4  cm2/sec  from  900°C  to 
110 0°C.  A  direct  decomposition  of  Sic  into  free  C 
and  Si,  which  immediately  reacts  with  Pt  forming 
platinum  silicides,  are  evident.  The  formation  of 
platinum  silicides  cause  an  interfacial  melting 
between  Pt  and  SiC  at  respective  temperatures. 
Scanning  Auger  microscopy,  laser  Raman  spectros¬ 
copy,  secondary  electron  microscopy  and  x-ray 
diffraction  were  used  to  investigate  the  inter¬ 
actions.  Composition  profiling  across  the  diffu¬ 
sion  zone  and  chemistry  of  the  periodic  structures 
are  examined.  Raman  spectroscopy  indicates  that 
carbon  is  in  either  a  glassy  state  or  highly 
ordered  graphitic  state,  depending  upon  its 
location  from  the  reaction  interface.  The 
mechanism  of  the  periodic  structure  formation  is 
discussed  based  on  solid  solubility  limited  phase 
separation  during  solidification  of  the 
interfacial  melts. 

N2.6 

FIBRE-MATRIX  REACTION  ZONES  IN  MODEL  SILICON 
CARBIDE  -  TITANIUM  ALUMINIDE  METAL  -  MATRIX 
COMPOSITES.  P.J.Doorbar.  Rolls-Royce, pic.,  Derby,  U.K.; 
D.R. Baker  and  M.H.Loretto.  School  of  Metallurgy  and  Materials 
Science,  University  of  Birmingham,  Birmingham,  U.K. 

Titanium  aluminide- based  metal-matrix  composites  are  currently  being 
investigated  to  determine  their  suitability  for  high  temperature  engineering 
applications. 

Model  composites  with  TiAl,  T13AI,  and  T13AI  +  3  matrices,  and  coated 
SiC  continuous  fibre  reinforcement,  have  been  produced.  The  fibre 
-matrix  reaction  zones  have  been  characterised  by  a  combination  of  optical 
microscopy,  SEM,  TEM,  EPMA,  EELS.  EDX,  SAD  and  CBED. 

Investigations  reveal  extensive  multi-phase  reaction  zones  in  all  the 
composites.  The  phase  formation  can  be  rationalised  partly  by  reference  to 
published  phase  diagram  information.  Complex  carbides  of  TnAlC  or 
Ti3AIC  type  appear  to  be  major  constituents  of  the  reaction  zones,  and 
extensive  p-depleted  regions  are  present  around  fibres  in  the  THAI  +  3 
matrices.  TiC-type  phases  are,  in  all  cases,  present  nearest  to  the  fibre, 
and  titanium  silicides  with  dissolved  Nb  and  A1  are  also  observed  as 
narrow  bands  in  the  reaction  zones.  There  is  some  evidence  of  A1  rejection 
from  reaction  zones  into  all  of  the  matrices. 
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N2.7 

TRANSMISSION  ELECTRON  MICROSCOPY  STUDIES  OF 
SILICON  NITRIDE  /  SILICON  CARBIDE  INTERFACES  H.-J 
KJssis.  M.  Riihle,  UCSB,  Materials  Dept,  Eng.  Ill,  Santa  Barbara, 

CA;  and  N.  Corbin,  C.  Wiltkens,  Norton  Co.,  Northboro,  MA. 

Microstructural  investigations  of  four  silicon  nitride  based  whisker- 
reinforced  ceramic  materials  were  performed  using  a  400  kV  trans¬ 
mission  electron  microscope.  Chemical  analysis  of  interfacial  regions 
and  triple  point  grain  junctions  in  these  materials  were  obtained  via 
energy-dispersive  x-ray  spectroscopy  (EDS)  and  a  parallel  electron 
energy  loss  spectrometer  (PEELS),  attached  to  the  microscope. 

All  materials  were  prepared  under  identical  experimental  conditions, 
including  a  HIPing  cycle  as  the  densifying  step.  Using  two  different 
whisker  sources  (Tokai-,  AMI-whiskers)  as  well  as  uncoated  and  C- 
coated  reinforcements  the  densified  silicon  nitride  materials  revealed 
marked  differences  in  the  resulting  mechanical  properties. 

This  investigation  focusses  on  the  microstructure  and  the  chemical 
analysis  of  the  interface  between  SiaN-t-matrix  and  SiC-whisker. 

Combined  HREM-  and  EDS  /  PEELS-investigations  reveal  that  the 
observed  deviations  in  RT-  mechanical  properties  are  mainly 
influenced  by  the  microstructural  and  chemical  development  of  the 
interface.  Thereby,  this  phenomenon  can  be  closely  related  to  the 
surface  chemistry  and  the  C-coating  of  the  reinforcements.  Moreover, 
a  comparison  between  these  whisker-reinforced  and  a  bulk 
SoN-t-material  with  similar  mechanical  properties  will  be  presented. 

N2.S 

THE  EFFECT  OF  TEMPERATURE  ON  THE  CHEMISTRY  AND 
MORPHOLOGY  OF  THE  INTERPHASE  IN  AN  SCS6/Ti-6Al-4V 
METAL  MATRIX  COMPOSITE.C.fonex:  ‘C.J.Kiely,  and  S.S.Wang 
National  Centre  for  Composite  Materials  Research,  University  of  Illinois, 
Urb..na,  Illinois  61801;*Materials  Research  Laboratory.  University  of 
Illinois,  Urbana.  Illinois  61 801. (C.Jones  and  C.J.Kiely  are  now  at 
Liverpool  University,  England) 

Using  TEM.  Auger  spectroscopy,  EDX  and  convergent  beam  electron 
diffraction,  a  thorough  characterisation  of  the  interphase  region  between 
SCS6  fibres  and  Ti-6Al-4V  matrix  in  a  metal  matrix  composite  has  been 
performed.  The  interphase  region  is  shown  to  be  very  complex, 
consisting  of  numerous  layers  of  varying  compositions  and  thicknesses 
most  of  which  originate  from  the  coating  applied  to  the  fibre  by  the 
manufacturer.  This  coating  consists  of  several  layers  of  carbon  each 
containing  small  but  varied  concentrations  of  SiC.  However.chemical 
interaction  has  occurred  between  fibre  and  matrix  resulting  in  the 
formation  of  a  layer  of  TiC  and  another  of  TixSiy(C),  the  latter  being 
sandwiched  between  the  the  TiC  and  the  matrix  itself. 

The  changes  in  chemistry  and  morphology  within  this  interphase  region 
upon  exposure  to  varying  heat  treatments  have  also  been  studied.  These 
changes  such  as  the  formation  of  small  TiC  particles  at  one  interface,  and 
the  narrowing  of  a  protective  pyrocarbon  layer  at  another,  induce  fracture 
to  occur  at  different  places  within  the  interphase  upon  heating.  The 
reasons  for  this  are  explained.  Evidence  for  a  change  in  phase  of  a 
Tix Siy (C)  layer  to  the  more  thermodynamically  stable  Ti5Si3  is  also 
given. 

M2. 9 

IMPROVED  INTERFACIAL  ADHESION  IN  METAL  MATRIX/ 
METALLIC  GLASS  COMPOSITES.  Uwe  KB 8 ter  fc  Margret 
Blank-Bewersdorf f ,  Dept. Chem. Eng. ,  University  of 
Dortmund,  D-4600  Dortmund  50,  F.R,  Germany 

Metallic  glasses  exhibit  a  combination  of  attrac¬ 
tive  properties,  e.g.  high  strength  combined  with 
good  ductility  and  corrosion  resistance;  in  addi¬ 
tion  their  casting  geometry  as  thin  ribbons  made 
them  interesting  for  the  use  as  strengthening  fi¬ 
bers  in  metal  matrix  composites.  However,  previous 


efforts  of  incorporating  metallic  glass  ribbons 
failed  due  to  a  severe  lack  of  adhesion. 

In  other  metal  matrix  composites  it  is  well  known 
that  heat  treatments  can  lead  to  an  improved  ad¬ 
hesion  by  diffusional  bonding,  but  annealing  of  a 
metallic  glass  usually  results  in  severe  embrit¬ 
tlement.  In  some  primary  crystallizing  glasses, 
however,  embrittlement  is  reduced  during  primary 
crystallization,  i.e.  strength  and  ductility  is 
regained  in  the  partially  crystallized  state. 

The  interfacial  reaction  in  a-Fe42Ni42B16/Ni  com¬ 
posites  has  been  studied  systematically  by  cross 
sectional  TEM.  During  primary  crystallization  of 
Y-(Fe,Ni)  in  the  bulk  of  the  ribbon,  very  fine 
Y-crystals  grow  epitaxially  from  the  interface 
with  the  Ni  matrix  into  the  original  glass,  thus 
producing  a  new  amorphous/crystalline  interface 
with  excellent  adhesion. 

This  work  was  supported  by  the  DFG:  SFB  316-G3. 
N2.10 

HIGH-TEMPERATURE  EVALUATION  OF  THE  NICKEL/GRAPHITE 
INTERFACE.  Nea  S.  Wheeler.  David  S.  Lashmore  and 
Alexander  J.  Shapiro,  NIST,  Gaithersburg,  MD. 

Typically,  failure  in  metal  matrix  composites  (MMC's)  can 
be  traced  to  the  interface  between  the  fiber  and  the 
matrix.  Since  interfacial  failure  may  be  due  to  one  or 
more  of  a  number  of  processes,  it  is  important  to  identify 
the  failure  mechanism  in  order  to  determine  the  most 
appropriate  means  of  Improving  the  interfacial 
characteristics . 

A  nickel/graphite  MMC  was  produced  by  electroplating 
nickel  onto  a  7  pm  polyacrylonitrile  (PAN)  graphite  fiber 
tow  (3000  fibers/tow)  to  a  thickness  of  approximately  0.5 
to  1  cm.  The  MMC  was  cut  into  5-7  sections  which  were 
then  individually  encapsulated  in  quartz  ampules  under  a 
vacuum,  of  10"5  Pa  (10"'  torr)  and  heat  treated  at  600, 

800  and  1100  *C  for  time  ranging  from  minutes  to  hours. 
Scanning  electron  microscopy  (SEM)  was  used  to  observe  the 
composites  before  and  after  annealing.  Degradation  of  the 
fibers  at  T<800  *C  was  found  to  result  from  diffusion  of 
the  graphite  into  the  matrix.  At  T  >800  'C,  however,  the 
data  suggests  that  nickel  diffuses  into  graphite  parallel 
to  the  basal  planes.  Thus,  any  improvement  in  the 
nickel/graphite  interface  should  involve  a  diffusion 
barrier  to  separate  the  fibers  from  the  matrix. 

This  paper  will  discuss  diffusion  barriers  which  were 
deposited  directly  onto  the  fibers  before  application  of 
the  nickel  matrix  to  inhibit  nickel/carbon  interdiffusion. 

N2.ll 

THE  INFLUENCE  OF  INTERFACIAL  MODIFICATION  ON  TENSILE 
STRENGTH  OF  GR/AL  COMPOSITES.  Chen  Ho,  Guoding  Zhang  and 
Ren  lie  Wu.  Institute  of  Composite  Materials,  Shanghai  Jiao 
Tong  University,  Shanghai  200030,  P.R.  China 

Varing  the  composition  of  the  matrix  alloy  has  been  a  use¬ 
ful  technique  for  tailoring  the  interfacial  structure  of 
metal  matrix  composites.  Here  we  provide  results  of  the 
influence  of  different  interfacial  structures  on  the  mecha¬ 
nical  properties  for  graphite  fiber  (M40)  reinforced  alumi¬ 
num  alloys.  The  composites  are  produced  by  Ti-B  CVD  coat¬ 
ing  on  the  fiber  and  then  infiltrate  with  molten  aluminum 
alloys.  The  composition  of  the  A1  alloy  matrix  are  selec¬ 
ted  as  Al-Ti  (Ti  oversaturated),  Al-Cu-Mg  system  alloy  and 
compare  with  pure  Al.  We  note  that  Al-Ti  alloy  with  Ti 
oversaturated  matrix  has  a  excellent  improvment  on  the  ten¬ 
sile  strength  of  the  composites.  That  is  almost  100Z  coin¬ 
cide  with  the  ROM  predicted  value  even  at  600°C  higher  tem¬ 
perature,  but  only  50Z  of  ROM  for  Al-Cu-Mg  system  matrix. 
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XPS  study  reveals  that  the  original  Ti-B  coating  layer  is  a 
complex  but  loose  structure,  it  includes  Ti-O,  TiB.  and 
A1„0  mainly.  This  layer  may  prevent  the  interfacial  reac- 
tionJbetveen  fiber  and  A1  alloys  matrix  in  a  different 
extent.  The  TJX  micrograph  shows  the  composite  with  Ti 
oversaturated  Al-Ti  matrix  has  a  rather  broad  and  distinct 
interphase,  and  remains  it  after  higher  temperature  treat¬ 
ment,  comparatively,  for  the  inter phase  of  pure  A1  matrix 
is  narrow.  We  consider  the  original  coating  layer  probably 
remains  in  a  larger  extent  for  the  former  case,  since  the 
matrix  is  Ti  oversaturated,  it  may  block  the  reduced  Ti 
element  diffuse  into  A1  matrix.  In  the  case  of  Al-Cu-Mg 
system  matrix,  it  also  has  a  broad  but  two  phase  structure 
of  interphase.  By  means  of  SAM  analysis,  it  is  obviously 
Al^C.  and  intermetalllc  compound  CuAl^  constructions,  but 
not  the  original  Ti  compounds. 


THERMOMECHANICAL  STABILITY  OF  ORGANOSILANE  AND 
ORGANOTITANATE  INTERPHASES  IN  GLASS  REINFORCED 
COMPOSITES.  A.T. DiBenedetto.  S. Connelly, 

J. Gomez,  G. Haddad,  University  of  Connecticut, 
Storrs,  CT.  06269. 

The  thermomechanical  stability  of  a  number  of 
organosilane  surface  treatments  for  glass  fibers 
used  in  fiber  reinforced  epoxy  and  polyester 
composites  has  been  evaluated.  The  force 
transmission  across  the  fiber/matrix  interface 
was  measured  as  a  function  of  temperature  and 
exposure  to  water  using  a  fiber  fragmentation 
test.  Both  the  organosilane  molecular  structure 
and  the  treatment  conditions  were  varied.  In 
addtion,  a  titanate/polyether  sulfone  coupling 
agent  was  synthesized  in-situ  on  the  surface  of 
E-glass  fibers.  The  effect  of  the  titanate  on  the 
engineering  properties  of  fiber  reinforced 
polysulfone  composites  was  assessed. 

It  was  found  that  the  effectiveness  of  the 
coupling  agents  was  strongly  dependent  on 
treatment  time  and  the  level  of  water  both  in  the 
treatment  solution  and  on  the  fiber  surfaces. 
Non-aqueous  treatments  promoted  higher  fiber 
strength,  but  required  exceptionally  long 
treatment  times.  The  presence  of  phenyl 
substitution  on  amino  silanes  improved  the 
thermal  stability  in  epoxy  and  polyester 
composites,  but  modified  the  hydrolytic  stability 
in  a  less  predictable  fashion.  It  was  also  found 
that  the  in-situ  prepared  titanate/polysulfone 
oligomer  improved  the  static  and  fatigue 
properties  of  the  polysulfone  composites. 


FILAMENT  FRAGMENTATION  PHENOMENA.  Juan  C.  Figueroa, 

E.  I.  du  Pont  de  Nemours  &  Co.,  Inc.,  Wilmington,  DE; 

Linda  S.  Schadler  &  Campbell  Laird,  University  of 
Pennsylvania,  Philadelphia,  PA. 

The  effect  of  fiber  surface  treatments  on  the  inter¬ 
relationship  between  the  tensile  strength  of  a  filament 
and  the  shear  strength  of  its  Interphase  region  is  one  of 
the  central  Issues  facing  composite  materials  technolo¬ 
gists  today. 

We  demonstrate  here  that  analysis  of  fragmentation  phenom¬ 
ena  in  monofilament  composites  can  simultaneously  yield 
information  about  these  two  parameters.  An  analysis  of 
critical  fragment  populations  which  leads  to  the  deter¬ 
mination  of  Interphase  strengths  is  presented  here.  This 
analysis  considers  issues  such  as  the  strain  energy 
exchange  between  fiber  and  matrix  during  filament  frac¬ 
ture,  as  well  as  Interphase  relaxation  due  to  visco¬ 
elastic  behavior. 


optical  microscopy  monitoring  to  yield  information  about 
the  evolution  and  attainment  of  critical  fragment  popula- 
Reslits  show  that  interphase  strength  in  this 
system  is  limited  by  the  presence  of  weakly  bound  layers 
on  the  fiber  surface. 


APPLICATION  OF  COLD  PLASMA  IN  TAILOR¬ 
DESIGNING  COMPOSITE  INTERFACES.  Nakhr>  Sung 
Laboratory  for  Materials  and  Interfaces,  Tufts  University, 
Medford  MA  02155. 

Low  temperature  plasma  generated  by  glow  discharge  is  a 
convenient  tool  for  the  surface  modification.  Depending  on 
the  type  of  gas  and  the  reactor  configuration  used,  the 
treatment  varies  from  a  simple  change  of  surface  chemistry, 
such  as  oxidation  or  aminization,  to  a  grafting  of  polymers 
having  different  structure  and  thickness.  Through  the  fiber 
surface  treatment,  therefore,  composite  interphase  can  be 
tailor  designed.  For  example,  in  graphite  fiber  reinforced 
composites,  fiber  surface  may  be  modified  either  by  plasma 
of  simple  gas  or  by  plasma  polymerization  of  monomers 
such  as  acrylonityile,  depending  on  the  nature  of  matrix.  In 
aramid  fiber/elastomer  case,  fiber  can  be  modified  by 
implanting  flexible  chain  polymers  through  plasma-induced 
polymerization  of  butadiene.  In  all  cases,  interfacial 
properties,  such  as  adhesion  or  load  transfer  efficiency,  are 
strongly  dependent  on  the  structure  of  modified  surfaces.  In 
particular,  wetting  characteristics  chemical  reactivity, 
degree  of  cross-linking  (or  open  structure),  and  thickness  of 
the  treated  layer  are  important  structural  parameters  in 
promoting  adhesion  through  primary  bondings  and/or 
molecular  interdiffusion  mechanisms. 


THE  EFFECTS  OF  FIBER  SURFACE  TREATMENTS  BY  A  COLD  PLASMA 
IN  CAR80N  F I BER/B I SMALE I M I DE  COMPOSITE.  Tao  C.  Chang  and 
Bor  Z.  Jana.  Materials  Engineering  Program,  Department  of 
Mechanical  Engineering,  Auburn  University,  AL  36849 

The  surfaces  of  carbon  fibers  (Hercules  AU - 4 )  were  treated 
by  a  cold  oxygen  or  ammonia  plasma.  Efforts  were  made  to 
define  the  optimal  conditions  of  plasma  treatments  by 
adjusting  the  operational  parameters,  e.g.  flow  rate  of 
gas  and  plasma  power.  The  change  in  surface  composition 
of  various  treated  carbon  fibers  was  characterized  by  X- 
ray  photoelectron  spectroscopy  (XPS).  Elemental  surface 
concentrations  were  calculated  from  the  corrected  XPS  peak 
area.  The  fiber  surface  free  energies  and  the  proportions 
of  polar  and  dispersive  components  were  determined  by  the 
contact  angle  measurement  using  a  micro-Wllhelmy  technique 
which  incorporated  five  liquids  having  a  wide  range  of 
polar  to  dispersive  free  energy  ratios.  A  two-component 
bismaleimide  system  (  Matrimid'"  5292  CIBA-GEIGY  )  was 
used  as  a  matrix  for  composites  containing  either 
untreated  or  treated  fibers.  Transverse  tensile  test  was 
chosen  as  a  primary  method  in  studying  the  change  of 
interfacial  strength  caused  by  plasma  treatments. 

Scanning  electron  microscopy  (SEM)  was  used  to  show  the 
effect  on  the  fiber  surface  topology  and  the  fracture 
morphology  of  composites.  A  correlation  was  established 
between  fiber  surface  properties  and  mechanical 
performance  of  composites. 


PAN-deriv«d  carbon/polycarbonate  monofilament  compoaitaa 
were  deformed  parallel  to  the  fiber  direction  in-situ  to 
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N3.5 


TAILORED  INTERPHASES  IN  FIBRE  REINFORCED  POLYMERS. 
Michael  R.  Piggott,  Dept,  of  Chemical  Engineering,  University  of 
Toronto,  Toronto.  Ontario,  Canada. 


angle  light  scattering  vere  utilized  to  study  the  kinetics 
of  transcrystallization;  microdebonding  was  also  adapted  to 
study  the  interfacial  shear  strength  of  the  transcrystalline 
layer. 


The  use  of  fibre  coatings  to  enhance  adhesion  between  fires  and  polymers 
normally  means  that,  in  the  fibre  composite,  some  resiude  of  the  coating  is 
present  at  the  fibre-matrix  interface.  This  constitutes  the  interphase.  The 
mechanical  properties  of  this  material  may  be  measured  using  special 
equipment  developed  to  do  simple  fibre  pull  out  tests.  These  tests  have  the 
advantage  of  revealing  the  interphase  failure  mode  (i.e.,  brittle  or  ductile) 
as  well  as  providing  such  data  as  work  of  fracture,  yield  stress,  interfacial 
pressure  and  the  coefficient  of  friction  for  post-debonding  slip.  The 
equipment  may  thus  be  used  to  monitor  coatings  designed  to  develop 
particular  properties.  Results  obtained  so  far  indicate  some  ductility  and 
yielding  with  thermoplastic  interphases,  while  thermoset  interphases 
appear  to  be  universally  brittle,  with  small  works  of  fracture 
(10-200  Jnr2).  The  ideal  interphase  should  probably  have  a  moderate 
yield  stress,  to  give  the  composites  adequate  compression  and  yield 
strength.  After  yielding,  the  interphase  should  fail  in  such  a  way  as  to  give 
long  fibre  debonds,  so  that  the  composite  has  good  impact  resistance 
through  promotiono  f  fibre  pull  outs.  The  pressure  across  the  interphase 
should  be  controlled  so  that  fibre  pull  out  lengths  are  maximized. 

N3.6 

A  TEM  STUDY  OF  AN  ADHESIVE  /  SHEET  MOLDING 
COMPOUND  INTERFACE.  Eduardo  A.  Kamenetzky  and 
Raymond  S.  Farinato,  American  Cyanamid,  Stamford 
Research  Laboratories,  Stamford,  CT. 

The  interface  between  an  epoxy  adhesive  on  sheet 
molding  compound  (SMC)  was  studied  by  TEM.  The 
interface  width  is  less  than  20  nm  where  it  is 
sharp  and  on  the  order  of  40  nm  where  it  is  more 
diffuse.  The  interfacial  area  in  the  TEM  sample 
is  located  first  by  the  difference  between 
adhesive  and  SMC  microstructures.  Where  there  are 
no  microstructural  features  we  can  investigate 
further  the  location  of  the  interface  by  using  the 
Mg  Ka  peak  from  magnesia  thickener  in  the 
polyester  matrix  of  the  SMC.  Calcium  carbonate 
crystals  in  the  SMC  extend  to  within  less  than  25 
nm  of  the  interface.  Measurements  of  interface 
extent  and  roughness  indicate  that  there  is 
intimate  contact  and  good  mechanical  bonding 
between  the  adhesive  and  SMC. 

The  strength  of  an  adhesive-SMC  joint  depends  on 
the  microstructure  of  the  interphase  as  well  as  on 
the  nature  of  the  bonding  of  the  adhesive  to  the 
polyester  matrix  of  the  SMC.  The  formation  of  this 
interphase  region  will  be  driven  thermodynamically 
and  be  limited  by  the  chemorheology  of  the  curing 
adhesive.  The  surface  and  interfacial  energetics 
of  this  epoxy-SMC  system  were  evaluated  using 
sessile  drop  advancing  contact  angles.  Good 
mechanical  bonding  observed  by  TEM  is  consistent 
with  a  small  advancing  contact  angle  of  20"  for 
the  epoxy  adhesive  on  the  SMC  at  121  "C  which 
shows  a  good  thermodynamic  driving  force  for  the 
intimate  contact  during  the  bonding  process. 


N3.8 


THE  EFFECT  OF  SALT  WATER  ABSORPTION  ON 
INTERFACIAL  DEGRADATION  IN  POLYMERIC  COMPOSITE 


MATERIALS.  Walter  L.  Bradley  and  Tim  Grant, 
Mechanical  Engineering,  Texas  ASM  University, 
College  Station,  TX  37843. 


The  effect  of  salt  water  moisture  absorption  on 
the  interfacial  strength  has  been  studied  using 
graphite  and  glass  fibers  in  matrices  of  eight 
polymerit  materials  including  both  thermosetting 
and  thermoplastic  systems.  The  effect  of 
moisture  degradation  has  been  measured  using 
transverse  tensile  strength,  comparing  specimens 
which  have  not  been  immersed  in  salt  water 
(simulated  ocean  environment)  to  those  which 
have . 


The  details  of  the  degradation  process(es)  have 
been  studied  using  direct  observation  of  the 
transverse  tensile  tests  in  the  scanning 
electron  microscope.  Specimens  polished  to 
clearly  reveal  fiber  ends  and  the  matrice  are 
loaded  in  the  SEM  and  the  nature  of  the  fracture 
process  noted.  A  comparison  of  the  details  of 
the  fracture  process(es)  for  transverse  tensile 
tests  on  both  dry  specimens  and  ones  previously 
immersed  in  salt  water  gives  good  indication  of 
the  nature  of  the  degradation  that  results  from 
salt  water  immersion,  particularly 
distinguishing  moisture  degradation  of  the 
interface  from  moisture  degradation  of  the 
matrix. 


N3.9 

THE  INFLUENCE  OF  WATER  ON  THE  EPOXY  RE¬ 
SIN-GLASS  INTERPHASES.  Robert  Kosfeld,  Thomas 
Marzi,  Ulrich  Schrdder,  Michael  HcQ.  University  of 
Duisburg,  Departement  of  Physical  Chemistry,  D^tlOO 
Duisburg,  FRG. 

The  incorporation  of  water  largly  effects  material  proper¬ 
ties  of  glass -fiber-epoxy  resins.  Experimentally  it  can  be 
discriminated  between  incorporation  of  water  in  the 
polymer  matrix  and  in  the  polymer-glass-interphase. 
Glass-transition  temperature  in  the  beginning  of  the 
water  resorption  at  76  °C  is  decreased  but  later  remains 
constant  at  a  distinct  value  indicating  a  change  in  the 
mechanism  governing  water  the  sorption. 

Parallel  to  this  observation  an  additional  deep  tempera¬ 
ture  relaxation  process  is  observed  in  the  dynamic-me¬ 
chanical  experiment.  This  does  not  occure  in  the  pure 
resin  without  glass-fibers  and  it  indicates  property 
changes  in  the  polytner-glass-interphase. 

N4.1 


STUDY  OF  TRANSCRYSTALLIZATION  IN  POLYMER  COMPOSITES. 
Benjamin  S.  Hsiao  and  Eric  J.  H.  Chen,  E.  I.  du  Pont 
de  Nemours  4  Co.,  Inc.,  Fibers  Department,  Pioneering 
Research  Laboratory,  Experimental  Station,  P.0.  Box  80302, 
Wilmington,  Delaware  19880-0302 


INTRINSIC  MATERIAL  LIMITATIONS  IN  USINC 
INTERPHASE  MODIFICATION  TO  ALTER  FIBER-MATRIX 
ADHESION  IN  COMPOSITE  MATERIALS,  Lawrence  T. 
Drzal .  Compoalea  Matariala  and  Structures 
Cancar,  Michigan  State  University,  East 
Lansing,  MI  48S24-132S 


Fiber  surface  induced  transcrystailization  has  been  reported  4  very  larga  percentage  of  aeudlee  tasking  to 

in  many  composite  systems.  It  is  believed  that  the  trans-  improve  fiber-matrix  adhesion  to  alter  coapoeita 

crystalline  region  exhibits  different  properties  than  the  p'ropertiei  are  directed  at  the  formation  of 

bulk  matrix  due  to  a  different  morphological  arrangement.  primary  chemical  bond#  between  the  reinforcement 

In  this  work,  it  is  our  intention  to  examine  the  surface-  surface  and  the  matrix.  The  dynamic  avente  that 

induced  transcrystailization  in  the  present  composites  and  occur  when  the  fiber-matrix  interface  is  formed 

to  discuss  some  possible  attributes  of  this  phenomenon.  lead  to  th#  crsaclon  of  an  Interphase  which  can 

Some  characterization  techniques,  including  thermal  anal¬ 
ysis,  optical  microscopy,  dynamic  torsional  test  and  small 
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have  properties  quite  different  froa  the  aatrlx 
In  addition  to  eny  chealcsl  bond  foraatlon. 

This  study  has  been  directed  at  elucidating  the 
role  of  these  interphase  properties  theaselves 
on  flber-aatris  adhesion.  A  reinforcement  (AS -4 
carbon  fiber)  with  a  quantifiable  surface 
chealscry  and  xn  epoxy  aatrlx  have  been  kept 
constant  through  a  series  of  experiments  in 
which  the  distance  between  crosslinks  of  the 
aatrlx  has  been  changed.  The  wettability  of  the 
fiber  and  the  degree  of  chealeal  bonding  to  the 
fiber  have  not  changed  but  the  lnterfaolal  shear 
strength  measured  for  each  of  these  systems  has 
decreased  with  decreasing  aatrlx  modulus.  It 
will  be  shown  that  the  properties  of  the  aatrlx 
and  the  residual  stresses  created  during 
processing  limit  the  maximum  Interfacial  shear 
stress  that  can  be  supported  by  the  fiber-aacrix 
interphase. 

N4.2 

ACID/BASE  PROPERTIES  OF  CARBON  AND  GRAPHITE 
FIBER  SURFACES.  Sheldon  P.  Wesson.  TRI/Princeton, 
Princeton,  NJ;  and  Ronald  E.  Allred,  PDA  Engineering,  Materials 
Dev.  Dept.,  Albuquerque,  NM. 

Carbon  and  graphite  fiber  surfaces  were  analyzed  by  inverse  gas 
chromatography,  using  Lewis  adds  and  bases  as  probe  adsorbates 
to  determine  the  effect  of  electrooxidation  and  radio  frequency  glow 
discharge  plasma  treatments  on  surface  add/base  properties. 
Adsorption  isotherms  computed  from  chromatograms  were 
analysed  with  the  CAEDMON  algorithm  (Computed  Adsorption 
Energy  Distribution  in  the  MONolayer)  to  obtain  histograms  of 
surface  area  fraction  versus  adsorption  energy.  Changes  in  surface 
heterogeneity  revealed  by  adsorptive  energy  distributions  were 
correlated  with  wetting  data  and  surface  chemical  composition 
deduced  from  high  resolution  x-ray  photoelectron  spectroscopy. 

Histograms  from  adsorption  isotherms  using  the  Lewis  base  show 
fiber  surface  energetics  are  bimodal,  with  most  of  the  surfa.e 
presenting  dispersion  force  or  weak  add/base  attraction  to  the 
probe.  A  small  surface  fraction  of  add  sites  shows  strong 
chemisorptive  properties,  and  this  area  fraction  increases 
systematically  with  the  degree  of  electrooxidation.  RF  glow 
discharge  plasmas  are  effective  at  enhandng  surface  aridity, 
espedaUy  on  high  modulus  graphite  fibers  that  resist  conventional 
electrooxidative  processes. 

Chemisorptive  properties  of  acid  sites  were  investigated  by 
programmed  thermal  desorption  of  the  Lewis  base  from  fiber 
3'artaces.  Preliminary  results  suggest  that  plasma  treatments 
activate  the  surface,  while  causing  less  physical  damage  to  the  near 
surface  region  of  the  fiber. 

N4.3 

CORRELATION  BETWEEN  FIBRE  SURFACE  ENERGETICS  AND 
FIBRE-MATRIX  ADHESION  IN  CARBON  FIBRE  REINFORCED  PEER 
COMPOSITE.  D  J  Hodge,  B  Middleniee  and  J  A  Ptacock, 

ICI  Wilton  Matariala  Rataarch  Cantra,  PO  Box  No  90, 

Wilton,  Clavaland,  TS6  SJE,  UK 

Surfaca  anargias  of  carbon  fibraa  at  diffarant  lavala  of 
aurfaca  traatmant  hava  baan  determined  by  a  watting  forca 
tachniqua  and  ralatad  to  fibra-antrix  adhaaion  in  carbon 
fibra  rainf oread  PEER  coopoaita.  Tha  affact  of  ozidativa 
aurfaca  traataant  on  tha  aurfaca  fraa  anargy  ia  datailad, 
along  with  tha  changaa  in  aurfaca  oxygan  and  nitrogan 
contant.  aa  datarainad  by  X-ray  photoalactron 
apactroacopy  (XPS).  Tha  work  of  adhaaion  ha a  baan 
calculatad  for  tha  carbon  fibraa  and  tharaoplaatic, 
which  corralaca  wall  with  axpariaantal  determination  of 
intarfacial  atrangth.  Tha  tachniqua  can  tharafora  ba 
uaad  to  pradict  adhaaion  lavala  in  fibra  rainforcad 
compoaitaa . 


N4.4 

EFFECT  OF  SURFACE  OXYGEN  ON  ADHESION  OF  CARBON  FIBER 
REINFORCED  EPOXY  COMPOSITES.  P.  W.  Yip  and  S.  S.  Un,  Amy 
Materials  Technology  Laboratory,  Watertown,  MA  02172 

Over  the  past  20  years,  carbon  fiber  has  becone  a  aajor 
reinforcing  substance  for  lightweight  structural  nacerlala. 
The  strength  and  the  degree  of  a  reinforceaent  la  dependent 
on  fiber  surface  chemistry  and  aorphology.  Yet  the 
Interaction  between  the  fiber  surface  end  the  aatrlx  for 
better  adhesion  is  not  clearly  understood.  The  aechanical 
properties  and  ultimate  performance  of  composites  tie 
intimately  with  surface  aorphologies  of  the  fibers. 

In  this  paper,  the  adhesion  mechanism  Involved  In  the  fiber 
epoxy  resin  composites  is  examined.  Three  carbon  fibers  of 
different  origins  are  created  by  chemical  reagencs  to  modify 
fiber  surfaces.  The  surface  morphology  and  chemistry  are 
studied  by  scanning  electron  microscope.  X-ray  photoelectron 
spectroscopy  and  scanning  Auger  aicroprobe  techniques,  and 
adhesion  strength  by  the  transverse  tensile  strength  (ITS) 
of  the  fiber  epoxy  composites.  The  amounts  of  oxygen 
existing  on  Che  fiber  surfaces  are  compared  with  ITS  of  the 
reinforced  composites. 

The  surface  morphologies  of  these  three  fibers  after  the 
treatments  change  considerably.  The  excenc  of  oxidation  on 
Che  carbon  fiber  surface  is  dependent  on  the  chemical 
reagents,  the  surface  structures  and  the  fiber  precursors. 

The  degree  of  adhesion  is  not  promoted  substantially  either 
by  the  amount  of  oxygen  or  by  carbon  oxygen  functional 
groups  on  the  fiber  surface.  The  chemical  treatments  not 
only  increase  the  abundance -of  oxygen  on  the  surface,  but 
also  enhance  surface  roughness.  The  increased  roughness  In 
surface  micro-domains  Is  a  major  factor  governing  the  carbon 
fiber-epoxy  resin  adhesion. 

N4.5 

INTERFACIAL  EFFECTS  OF  PLASMA  TREATMENT  ON 
FIBER  PULL-OUT  Umesh  Gaur,  TRI  Princeton.  P.O.  Box 
625,  Princeton,  NJ  08542;  Theodore  Davidson,  Center  for 
Surface  &  Interface  Res,  Univ.  of  Connecticut,  Storrs,  CT 
06269-3136. 


Because  of  the  accepted  importance  of  the  fiber-matrix  interface 
for  load  transfer,  toughness,  and  durability,  we  have  worked  to 
modify  this  interface  by  plasma  treatments  of  the  fiber 
component.  The  treatments  involved  low  temperature 
non-equilibrium  plasmas  using  one  or  more  gases  to  oxidize  or 
reduce  the  fiber  surface.  Treatments  of  the  fibers-as  yam-were 
conducted  for  10  minutes  at  pressures  of  500  mTorr  with  input 
power  of  50  watts  at  13.56  MHz.  ILSS  was  evaluated  by  the 
microbond  technique  [Gaur  and  Miller,  Composites  Set.  and 
Tech.,  34,  35  (1989)]  in  which  a  droplet  of  cured  epoxy  resin  is 
sheared  from  the  fiber.  Aramid-epoxy  showed  an  increase  in 
ILSS  from  untreated  at  30  MPa  to  57  MPa  after  an  oxidizing 
plasma  treatment.  With  high  modulus  polyethylene  fibers  the 
initial  value  of  ILSS,  1  MPa,  was  increased  to  8  MPa  by  treatment 
with  a  non-oxidizing  plasma.  Further  work  is  directed  toward 
establishing  changes  in  surface  morphology  and  chemistry  by 
SEM  and  XPS. 

N4.6 

INTERPHASE  BEHAVIOR  IN  CYCLIC  FATIGUE  OF 

Pennsylvania,  Philadelphia,  PA;  Juan  C.  Figueroa,  E.I.  du  Pom 
de  Nemours  &  Co.  (Inc),  Wilmington,  Delaware;  C.  Laird,  U.  of 
Pennsylvania,  Philadelphia,  PA. 

Macroscopic  properties  of  continuous-filament  composites  are 
known  to  be  dependent  on  fiber-matrix  interphase  behavior. 
Monofilament  grtphite/Polycerbonete  compositei  heve  been 
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used  as  a  model  system  to  study  the  cyclic  fatigue  properties  of 
the  interphase  region.  The  stress  transfer  efficiency  (the 
ability  of  the  interphase  to  transfer  load  from  the  matrix,  to  the 
fiber)  of  the  interphase  was  monitored  using  a  modified 
critical  length  technique.  In  order  to  determine  the  role  of 
the  interphase  in  cyclic  deformation,  the  interphase  was 
varied  by  etching  the  fiber  surface.  Correlations  between 
fiber  surface  energetics,  morphology  and  matrix  properties 
have  been  made  with  cyclic  damage.  It  has  been  found  that 
damage  (reduction  in  interphase  stress  transfer  efficiency) 
due  to  cycling  transverse  to  the  fiber  direction  depends  on 
both  strain  rate  and  amplitude  indicating  a  strong  influence  of 
the  viscoelastic  properties  of  the  matrix  on  damage.  However, 
the  maximum  damage,  corresponding  to  a  complete  debonding 
of  the  matrix  and  fiber,  depends  predominantly  on  fiber 
surface  morphology.  Damage  due  to  cycling  in  the 
longitudinal  direction  was  observed  only  after  fiber  failure 
and  is  therefore  dependent  on  fiber  strength. 

N4.7 

INTERLAMINAR  FRACTURE  IN  CARBON  FIBER/THERMO¬ 
PLASTIC  COMPOSITES.  J.  A.  Hinklev.  NASA  Langley  Research 
Center,  Hampton,  V A;  W.  D.  Bascom,  University  of  Utah,  Salt  Lake 
City,  UT;  and  R.  E.  Allred,  PDA  Engineering,  Albuquerque,  NM. 


Although  commercial  surface  treatments  and  sizings  generally 
produce  strong  interface  in  carbon  fiber/epoxy  composites,  much 
less  is  known  about  how  to  optimize  carbon  fiber/thermoplastic 
systems.  Several  lines  of  evidence  suggest  that  standard 
oxidative  fiber  treatments  are  inadequate. 

This  presentation  will  review  embedded  fiber  tests,  composite 
toughness  data,  and  fractography,  all  of  which  point  to  the 
prevalence  of  interfacial  failures  in  thermoplastic  composites. 

Data  on  unidirectional  composites  made  from  the  model  resin 
poly(2,6-dimethy!phenylene)  oxide  will  be  used  to  illustrate  how 
interface  effects  can  lead  to  a  greater  than  two-fold  variation  in 
Mode  I  interlaminar  toughness.  Progress  towards  improving 
adhesion  using  plasma  treatment  of  fibers  will  be  reported. 

Finally,  an  unexpected  case  of  resin  degradation,  apparently 
promoted  by  the  fiber,  will  be  described. 

N4.8 

EFFECTS  OF  SURFACE  TREATMENTS  ON  TENSILE  AND 
INTERFACE  SHEAR  STRENGTHS  IN  GLASS  FIBER/RESIN 
MATRIX  COMPOSITES.  Albert  A.  Kruger. 

Pacific  Northwest  Laboratory!*!,  Chemical  Sciences. 
Richland,  Washington  99352-0999 

Fracture  mechanics  derived  for  materials  containing 
distributions  of  tiny  cracks  is  found  to  be  contradictory 
with  analyses  of  fatigue  data  for  treated  glass  fibers.  Futher- 
more.  the  supposition  that  microcracks  are  formed  on  the 
glass  surface  at  the  time  of  fabrication  is  inconsistent  with 
the  production  of  fibers  with  an  apparent  lack  of  statistical 
variation  of  breaking  strengths,  either  before  or  after 
accelerated  aging. 

Arrhenius  calculations  on  the  results  of  zero  stress  fatigue 
experiments  indicate  that  the  rate-determining  step  of 
glass  aging  is  consistent  with  an  interstitial  hopping  of 
highly  mobile  cations.  Surface  treatments  used  to  modify 
the  chemical  corrosion  mechanism  alter  the  performance 
of  glass  reinforced  plastics  (grp)  composites.  The  effects  of 
this  chemistry  on  initial  fiber  strengths,  resistance  to 
aging,  and  preliminary  composite  properties  are  reported. 


(a)  Operated  for  the  U.S.  Department  of  Energy  by  Battelle 
Memorial  Institute  under  Contract  DE-AC06-76RLO  1830 


N4.9 

INTERFACIAL  INTERACTIONS  IN  SILICA  REINFORCED 
SILICONES.  M.I.  Aranguren,  C.W.  Macosko.  M.  Tirrell  and  B.  Thakkar, 
University  of  Minnesota,  Minneapolis,  MN  55455 

Polydimethylsiloxanes  give  elastomers  that  are  very  stable  under  different 
environmental  conditions  and  stay  rubbery  over  a  large  range  of 
temperatures.  However,  they  are  mechanically  very  weak  and  so  they  are 
reinforced  with  fumed  silicas.  The  dramatic  improvement  of  properties  is 
not  only  due  to  the  open  structure  of  the  silica  aggregates  that  occlude  pan 
of  the  polymer  but  also  to  the  great  affinity  of  the  filler  and  matrix. 

We  have  worked  with  vinyl  terminated  polydimethylsiloxanes  of  different 
molecular  weight  (Mn  =  9000  to  146000)  and  fumed  silicas  of  different 
surface  treatment.  All  the  silicas  were  modifications  of  Aerosil  130 
(Degussa),  so  that  the  surface  silanols  were  replaced  by  methyl  groups  or 
methyl  and  vinyl  groups. 

Diffusive  reflectance  IR  spectroscopy  was  used  to  characterize  the  surface 
of  the  silicas  and  the  adsorption  of  the  polymer.  The  amount  of  bound 
rubber  (fraction  of  polymer  in  the  uncured  state  that  is  "irreversibly" 
adsorbed  to  the  filler)  is  a  function  of  the  concentration  of  silanols  in  the 
silica  and  the  molecular  weight  of  the  poiydimethylsiloxane.  The  bound 
rubber  was  measured  by  extraction  in  chloroform  which  only  leaves  the 
strongly  adsorbed  polymer  and  probably  extracts  occluded  and  entangled 
chains.  The  amount  of  adsorbed  polymer  per  weight  of  filler  is  independent 
of  the  filler  concentration. 

The  rheology  of  the  uncured  rubber  can  be  qualitatively  explained  by  a 
model  where  the  aggregates  are  connected  to  each  other  through  the 
polymer.  The  connections  can  be  due  to  entanglements  of  the  bulk-chains 
or  direction  polymer  bridging  of  the  aggregates.  Experiments  using  a 
surface  force  apparatus  to  measure  the  forces  due  to  the  two  types  of 
connections  are  underway. 

N4.10 

AN  INTERFACIAL  THERMODYNAMIC  STUDY  ON  NTC  PHENOM¬ 
ENON  OF  CONDUCTIVE  HDPE  COMPOSITES  Zhang  Mlngqlu 
and  ZengHanmin, Materials  Science  Institute ,Zhong- 
shan  University,  Guangzhou,  P.R.C. 

NTC  (Negative  Temperature  Coefficient)  phenomenon 
has  limited  the  application  of  conductive  com¬ 
posites  with  crystalline  polymer  matrix  in  PTC  ( 
Positive  Temperature  Coefficient)  sensitives, self- 
controlled  heaters,  etc.  In  thiB  paper,  the  inter¬ 
facial  characteristic  and  resistance-temperature 
property  of  the  conductive  composites  comprised  of 
high  density  polyethylene  (HDPE),  carbon  black(CB) 
and  graphite  (GR)  were  studied  with  the  help  of 
contact  angle  measurement  technique  in  order  to 
make  out  a  possible  mechanism  of  NTC  and  a  way  to 
control  it. The  experimental  result  showed  that  the 
composites  exhibited  PTC  below  the  melting  point  of 
HDPE,  but  NTC  above  it.  On  the  other  hand,  it  was 
found  that  with  increasing  temperature,  the  inter¬ 
action  and  wettability  between  fillers  and  the 
resin  weakened  linearly.  When  temperature  went 
beyond  the  melting  point  of  HDPE,  those  CB  and  GR 
particles  which  had  been  separated  by  the  movement 
of  polymer  chain  units  previously  could  displace  a 
little  more  easily  to  accumulate  once  again  form¬ 
ing  a  number  of  continuous  electric  paths  in  such 
resin  of  better  fluidity.  Hence,  the  conductivity 
of  composites  were  improved  and  NTC  occurred.  This 
was  a  process  that  the  system  free  energy  dropped 
owing  to  the  reduction  of  interfacial  area  between 
fillers  and  resin  during  this  reconnection  of  fill- 
ers.  A  survey  of  the  spreading  coefficient  also 
proved  this  tendency.  We  considered  that  surface 
treatment  which  lowers  surface  entropy  of  fillers 
and  resin  would  reduce  NTC  effect. 
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N5.1 

FRACTO- EMISSION  STUDIES  OF  INTERFACIAL 
FAILURE  IN  COMPOSITES.*  J.  T.  Du-kin^n  L.  C. 
Jensen,  and  B.  A.  Mielke,  Department  of  Physics, 
Washington  State  University,  Pullman,  WA  99164. 

We  present  measurements  of  the  particle  emission  (electron 
and  photon  emission)  during  and  following  the  failure  of 
interfaces  associated  with  composite  materials.  Photon 
emission  measurements  on  semi-transparent  materials  such  as 
epoxy  and  silica  glass  allow  the  detection  of  interfacial 
failure  occurring  at  surfaces  within  the  matrix.  Simultaneous 
measurements  of  electron  emission  determine  the  exact  time 
when  cracks  reach  the  surface  of  the  sample,  thereby 
providing  a  path  of  escape  from  a  fracture  surface  to  the 
surrounding  vacuum  and  therefore  to  the  detector.  Systems 
to  be  discussed  include  glass  fibers  embedded  in  epoxy  with 
variations  in  interfacial  bonding,  a  single  metal  rod  in  epoxy 
tested  in  a  pull-out  experiment,  and  a  similar  test  involving  a 
metal  rod  in  a  silicate  glass.  The  likely  mechanism  for  light 
production  involves  microdischarges  resulting  from  fracture- 
induced  charge  separation  at  two  dissimilar  surfaces.  We 
also  present  fracto-emission  results  from  controlled 
interfaces,  including  treated  fibers  in  epoxy,  and  fiber  matrix 
interfaces  degraded  by  exposure  to  water  vapor  at  elevated 
temperatures.  These  components  of  fracto-emission  can 
provide  a  means  of  monitoring  the  details  of  the  debonding 
process  on  time  scales  down  to  the  sub-microsecond  level. 

•Work  supported  by  the  National  Science  Foundation  under 
Grant  DMr  8601281,  the  Office  of  Naval  Research  under 
Contract  N00014-87-K-0514,  the  Goodyear  Tire  Company, 
and  the  Washington  Technology  Center. 

N5.2 

Zu.-vwa  .IVK  jlSCCNmUI'.IiS  \ND  IHTGRIHASES  wTIH 

;c:jti;jucl’siy  varying  frcpshtiis  in  cckfcsiii  materials. 

C.  S.  Chen.  General  Dynamics,  Ft.  viorth,  Tx. 

The  tran'iticn  region  between  any  two  different  components 
in  the  macroscopic  composite  is  well  known  for  its  effect 
ar.on  both  the  local  ->nd  global  behavior  of  the  composites. 
For  simplicity  and  for  lack  of  detailed  information,  in 
most  treatment,  however,  an  ideal  interface  is  often  con¬ 
sidered  where  the  concosite  only  has  s^me  discontinuities 
in  properties.  But  the  transport  process,  and  th°  transfer 
of  response  between  the  different  components,  and  some  fai¬ 
lure  characteristics  in  composites,  have  indicated  that  the 
ideal  interface  treatment  is  no  longer  sufficient.  Parti¬ 
cularly  for  material  design,  the  tai.iora.~le  ir.terphases  may 
provide  greater  varieties  of  macroscopic  com[ osites  for 
applications. 

In  this  rr“senlation,  we  attempt  it  explore  some  essentials 
of  the  transition  regions  ty  examining  the  wave  propagation 
in  cimr-site  materials  consisting  of  two  different  material 
elements  in  alternate  :n.  When  the  composite  exhioits  dis¬ 
continuities  in  pronerties,  then  a  wave  front  shows  the 
fa-iliar  attenuation  at  the  interfaces  where  discontinuities 
occur.  Vie  show  how  the  strength  of  the  wave  front  decays 
because  of  the  "ideal  interfaces".  But  when  the  smooth 
transition  interrhases  allowed,  no  decay  occurs  <ue  to 
structure  ri;ht  at  the  wave  front.  We  show  that  the  '.r--> 
str-ngth  of  the  wave  front  oscillates  between  two  definite 
•/alu's.  Je  only  require  that  the  second  derivatives  of 
s~me  -a Aerial  pro-e  'ties  be  continuous  in  Oho  int°rrhases. 
Guch  constraint  still  allows  many  tailorable  interphases. 

,.e  also  chow  Uj-c  ;ehir.d  the  wave  fr  nt,  a  non-uniform 
convergence  will  tr-nsfer  the  continuous  inter: bases  to  the 
:isc  ntir.uous  interfaces  when  the  thickness  of  the  transi¬ 
tion  r“--i'ns  shrink  to  zero. 

85.3 

A  SOLID-STATE  NMR  STUDY  OF  THE  PMMA-AI2O3  INTERFACE 
Kariofilis  Knpqtadjpidi<  John  Evans  and  Matthew  Tirrell,  University  of 
Minnesota,  Minneapolis,  MN 

Chemical  bonding,  reactivity  and  polymer  conformation  are  among  the 


phenomena  that  contribute  to  the  adhesive  strength  of  a  polymer/metal-metal 
oxide  interface.  Carbon- 13  solid-state  NMR  has  been  used  to  study  these 
phenomena  in  the  reactive  adsorption  of  poly(methyl  methacrylate)  on 
porous  aluminum  oxide.  Reaction  of  the  ester  side  chain  of  the  polymer 
with  the  surface  hydroxyls  is  observed  in  agreement  with  IR  results.  Both 
the  large  extent  of  reaction  (>50%)  and  indications  of  conformational 
changes  upon  adsorption  suggest  that  polymer  molecules  adopt  a  flat 
configuration  on  the  surface.  The  dependence  of  the  extent  of  reaction  on 
molecular  weight  and  tacticity  of  the  polymer  will  be  discussed,  together 
with  the  importance  of  such  results  in  predicting  and  promoting 
polymer/metal  adhesion. 

N5 . 4 

SPREADING  OF  LIQUID  DROPLETS  CM  CYLINDRICAL  SURFACES: 
ACCURATE  DETERMINATION  OF  CONTACT  ANGLE.  H.  Daniel 
Wagner,  Polymeric  Composites  Laboratory,  Department  of 
Materials  Research,  The  Welzmam  institute  of  Scierce, 
Rehovct  76100  (Israel). 


The  wetting  of  cylindrical  monofilaments  by  liquid 
polymers  is  a  problem  of  much  scientific  ard 
technological  importance.  In  particular,  the 
characterization  of  the  physicochemical  nature  of 
interfaces  is  a  key  problem  in  the  field  of  advanced 
fibrous  composites.  The  macroscopic  regime  ocntact  angle, 
which  reflects  the  energetics  of  wetting  at  the  solid- 
liquid  interface,  is  very  difficult  to  measure  by  usual 
methods  in  the  case  of  very  thin  cylindrical  fibers. 

In  the  present  article  two  nunerical  methods  are  proposed 
far  the  calculation  of  macroscopic  regime  ocntact  angles 
from  the  shape  of  a  liquid  droplet  spread  ento  a 
cylindrical  monofilament.  These  methods,  which  build  on 
earlier  theoretical  treatments  by  Carroll,  and  Yamaki.  and 
Katayama,  very  nuch  improve  the  accuracy  of  the  contact 
angle  obtained.  Experimental  results  with  an  epoxy- 
aranvid  system  are  presented  to  demonstrate  the  high 
degree  of  accuracy  of  the  methods  proposed. 

N5.5 

AN  OPTICAL  METHOD  TO  CHARACTERIZE  IM¬ 
PREGNATION  AND  WETTING  OF  GLASS-FIBERS 
WITH  EPOXY  RESIN.  Robert  Kosfeld,  Thomas  Mara, 

Ulrich  Schroder,  Michael  Hefl.  University  of  Duisburg, 
Depanement  of  Physical  Chemistry,  D^tlOO  Duisburg, 

FRG. 

The  character  of  the  interphase  between  bulk  polymer 
and  reinforcing  filler  or  fiber  is  of  great  importance  for 
the  mechanical  behaviour  of  the  composite.  An  optical 
technique  has  been  developped  by  Ehrenstein1  which  is 
suitable  to  follow  the  course  of  sorption  of  resin  by  fiber 
material.  This  technique  has  been  modified  and  applied 
to  the  sorption  and  curing  process  in  Epoxy-glass-fiber 
composites.  Thus,  in  certain  cases  it  is  possible  to  ob¬ 
serve  these  processes  without  damaging  the  sample  and 
obtain  more  detailed  information  about  polvmer-filler 
interaction  during  the  first  stages  of  production.  In 
further  steps  these  informations  may  be  corelated  to 
mechanical  properties  of  the  composits. 


1  H.O.  Willax,  G.W.  Ehrenstein,  Kunststoffe  62  (1972) 
887 

N5 . 6 

THE  INFLUENCE  OF  ANNEALING  ON  THE  BEHA¬ 
VIOUR  OF  EPOXY-GLASS  INTERPHASES.  Robert 
Kosfeld,  Thomas  Mara,  Ulrich  Schrdder,  Michael  HeS.  - 
University  of  Duisburg,  Departement  Of  Physical  Chemi¬ 
stry,  D-4100  Duisburg,  FRG. 

Observation  of  the  glass-transition  region  is  suitable  for 
investigation  of  processes  being  correlated  with  the 
existence  of  a  polymer-filler  interphase. 

Room  temperature  curing  epoxy  resins  were  used  with 


505 


and  without  glass-fibers  incorporated.  After  the  curing 
process  at  room  temperature  the  samples  were  annealed. 

The  difforendes  in  toe  glass  transition  of  filled  and  pure 
resins  together  with  the  chemical  structure  of  the  resins 
and  the  glass-fiber  surface  are  discussed  with  respect  to 
the  interphase  properties.  Shifts  of  the  transition  tempe¬ 
rature  after  annealing  compared  with  unfilled  resins 
indicates  the  presence  of  a  interphase  with  good  mechani¬ 
cal  properties. 

N5.7 

THE  ROLE  OF  RESIDUAL  STRESSES  IN  THE  CRACKING 
OF  A  MODEL  METAL-CERAMIC  SYSTEM,  Al203/Ta(Ti). 
A.H.  Bartlett.  M.  Rtihle,  A.G.  Evans,  University  of 
California  Santa  Barbara,  Santa  Barbara,  Ca. 

A  model  bimaterial  system,  Al2C>3/Ta(Ti),  has  been 
devised  in  which  the  residual  stresses  due  to  thermal 
mismatch  between  the  metal  and  the  ceramic  can  be 
controlled  by  varying  the  composition  of  the  Ta(Ti) 
alloy.  Fractographic  characterization  using  SEM  has 
been  employed  to  compare  the  observed  cracking 
behavior  with  that  predicted  by  calculations. 
Depending  on  the  sign  of  the  thermal  mismatch, 
cracks  can  occur  either  in  the  ceramic  or  in  the 
reaction  product  interface.  Crack  angles  correlate 
with  the  direction  of  maximum  principal  stresses. 
The  trajectories  of  steady  state  cracks  in  the  ceramic 
are  also  predicted  and  compared  with  experiment. 

TEM  has  been  used  to  identify  reaction  phase 
products,  and  characterize  the  structure  of  the 
interface.  Cracks  intersecting  the  interface  are 
observed,  and  the  role  of  defects  on  interfacial  crack 
propagation  assessed. 

N5.8 

THE  STRENGTH  AND  FRACTURE  OF  CERAMIC/METAL 
BONDED  SYSTEMS.  M.  Y.  HE  AND  A.  G.  EVANS, 

Materials  Department ,  University  of  California,  Santa 
Barbara,  CA. 

The  strength  of  AI2O3  materials  bonded  using  a  ductile  metal 
layer  is  investigated.  Systematic  elastic-plastic  stress  analysis 
has  elucidated  the  stresses  that  exist  at  metal/ceramic  bond 
interfaces  as  well  as  near  the  tip  of  a  small  edge  crack  adjacent 
to  the  interface.  The  macroscopic  stress-strain  relations  are 
calculated  as  functions  of  the  bond  layer  thickness  .metal  yield 
strength,  thermal  expansion  mismatch, elastic  properties  of 
the  two  materials  and  the  location  of  the  edge  crack.  The 
effects  of  these  stresses  on  the  strength  and  fracture  of  the 
bonded  systems  are  also  predicted  and  compared  with  the 
experimental  results. 

N5.9 

rir-V"n-  ale  rwrn  , 

Michael  nets*.  Bang  Jit  xan4,  Francis  S.  oalasso* 
and  Steven  L.  suito1'3  1.  Dapt.  at  Ctontetry,  0-40, 
university  of  Ooonscticut,  stone,  CT  0*2**- SOSO. 

2.  united  Technologies  Research  Canter,  Bast  Hartford,  CT 
o6ios.  a.  Dapt.  of  Chan,  tog.,  o-«o,  university  of 
Oonaeotiout,  stores,  CT  0*2 **-30*0. 

sic  fibers  have  bean  ooated  with  nolytodamm  and  twgstsn 
oxyoarbidas  by  beating  M»{00)(  or  W(00),  to  375°C  in 
flowing  hydrogan  in  a  Affinal  vapor  ^position  (CTO) 


process  under  reduced  pressure.  X-ray  pcwder  diffraction 
data  were  used  to  characterize  these  coatings  and  results 
suggest  that  MoOC  or  ROC  were  formed.  These  material*  have 
a  variable  acapositioo  ranging  fro*  MjC0  7o„  ,  to 
ooated  fibers  were  used  for  tanaile 
strength  measurements  and  thas*  experiments  indicate  that 
tha  fiber*  were  not  significantly  degraded  during  the 
posting  process.  The  MoOC  coating  can  ba  converted  into  a 
Mo  metal  orating  by  heating  at  aoo°c.  similar  studies 
with  the  tungsten  system  showed  that  ROC  postings  could 
also  be  produced  that  also  showed  good  tensile  strengths. 
X-ray  photoelectron  spectroscopy  experiments  have  bean 
used  to  study  the  oxidation  states  of  the  elements  of  the 
coatings.  Mapping  studies  by  scanning  huger  microscopy 
have  bean  used  to  determine  tha  uniformity  of  such 
coatings  and  to  study  their  thicknesses. 

N5.10 

SOLID  STATE  BONDING  OF  Si  3  N*  and  Ni.  Jian-Yih  Wane. 
Shu-En  Hsu,  Chung  Shan  Institute  of  Science  and  Technology, 
Taiwan,  R.O.C.;  and  Yoichi  Ishida,  University  of  Tokyo, 
Tokyo,  Japan. 

Since  the  solid  state  bonding  of  SisN*  and  Ni  has  great 
applicability  in  the  future,  it  becomes  the  most  attractive 
topic  in  the  fields  of  ceramic  and  metal.  From  the  phase 
diagram,  nickel  can  solute  a  fair  amount  of  silicon  and 
nitrogen.  Therefore,  the  SisNv/Ni  bonding  might  form  the 
ideal  bonding  interface  with  no  formation  of  reaction 
phase  as  in  the  case  of  AHOs/Nb  bonding^ 1 . 2  ] . 

The  ceramic  used  here  are  Toshiba-made  pressureless- 
sintering  SijN»,  added  a  little  Y2O3  and  AI2O3  as  the 
sintering  binder,  and  the  nickel  is  a  commercial  material 
with  99.9%  purity.  Solid  state  bonding  was  achieved  by 
placing  Ni  foil  (1mm  thick)  in  between  two  pieces  of 
silicon  nitride,  loading  12  MPa  and  heating  at  1223k  for 
one  hour,  and  then  furnace  cooled.  JEM-1250  HVEM,  JEM- 
2000EX  HREM,  and  JEM-4000FX  AEM  were  used  for  the  obser¬ 
vation  and  composition  analysis  of  bonding  interface. 

The  4-point  bonding  strength  of  SisNv/Ni  is  about  200MPa. 
In  addition  to  the  direct  bonding,  an  amorphous-like  phase 
was  found  existing  in  some  regions  of  the  SisN./Ni  inter¬ 
face,  which  is  responsible  for  the  degradation  of  bonding 
strength.  In  view  of  the  experimental  results,  the 
formation  of  amorphous-like  phase  is  due  to  the  gathering 
of  AlrOJ  and  Y203,  used  as  the  sintering  binders  of  SisN», 
in  bonding  interface  via  intergranular  diffusion  during 
the  bonding  process. 

[1]  M.  Florjancic,  W.  Mader,  M.  Ruhle,  M.  Turwitt;  J.  de 
Physique,  C4  (1985). 

[2]  Y.  Ishida,  J.  Y.  Wang,  T.  Suga;  MRS  Proceeding  (1988). 

N5.ll 

CHEMICAL  INTERACTIONS  IN  THE  ALUMIUM-CARBON 
AND  ALUMINUM-SILICON  CARBIDE  SYSTEMS.  Beqjl 
Maruyama-  Naval  Research  Laboratory,  Waah.  D.C.; 
Fomio  S.  Ohuchi,  E.I.  do  Pont  de  Nemours  Exp  Station, 
Wilmington,  DE:  and  Llewellyn  K.  Rabenberg,  The 
Univeraity  of  Texaa  at  Austin,  Austin,  TX. 

Tha  atomic  structure  of  the  interface  by  and  large 
determinea  the  ultimate  mechanical  propertiea  of 
graphite  and  aiUcon  carbide  reinforced  metal  matrix 
composites.  The  results  of  XPS  investigations  of  the 
reaction  kinetica  of  aluminum-carbon  and  aluminum- 
silicon  carbide  ayatema  will  be  presented.  Of 
particular  interest  it  the  influence  of  water  vapor  and 
hydrated  alumina  on  the  reaction  kinetica.  The 
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implications  of  the  results  on  our  previously 
developed  Oxidation  Model  of  Carbide  Formation  and 
on  the  behavior  of  interfaces  in  commercial  composites 
will  be  discussed. 

N5.12 

STABILITY  AND  REACTIONS  AT  COMPOSITE 
INTERFACES  OF  TITANIUM  ALUMINIDES  WITH 
POTENTIAL  FIBER  MATERIALS.  J.  A.  Dcknck.  M.-X.  Zhang 
and  Y.  A.  Chang,  Department  of  Materials  Science  and  Engineering, 
University  of  Wisconsin,  Madison,  WI  53706,  and  O.  Y.  Chen, 
United  Technologies,  Pratt  and  Whitney,  E.  Hartford,  Conn.  06108. 

In  the  development  of  titanium-aluminum  intermetallic  compounds 
for  structural  applications  at  high  temperatures,  there  is  a  need  to 
have  a  fundamental  understanding  of  the  stability  and  reactions 
between  the  intermetallic  matrix  ana  potential  fibers.  The  objective 
of  our  study  is  to  provide  such  a  fundamental  understanding  of 
interfacial  stability  and  reactions  between  titanium  aluminide  with 
several  potential  fibers  such  as  TiB2<  AbOj  and  SiC.  Preliminary 
experimental  results  will  be  presented  and  interpreted  in  terms  of 
thermodynamic  stabilities  at  the  interfaces  and  multi-component 
diffusion  theory. 

N5.13 

CHARACTERISATION  OF  INTERFACES  IN  SiC  PARTICULATE- 
REINFORCED  A1  ALLOYS  USING  AEM.  D  Q  Huang,  Y-P.  Lin  and 
B  W  Robertson.  Department  of  Materials  Science  &  Engineering,  McMaster 
University,  Hamilton,  Ontario,  Canada  LSS  4L7. 

The  behaviour  of  metal-matrix  composite  systems  can  depend  strongly  on 
the  nature  of  the  interface  between  the  reinforcing  material  and  the  metal 
matrix  Recently,  the  high  temperature  mechanical  behaviour  of  SiC 
particulate-reinforced  A1  alloys  has  received  attention.  A  preliminary  study 
by  Corbin  and  Wilkinson  (11  of  a  2014  A1  alloy  with  204b  SiC  particulates 
suggests  that  an  increase  in  overaging  of  this  material  results  in  a  change  of 
fracture  mode,  during  tensile  testing  at  400°C,  from  one  involving  SiC 
particle/matrix  decohesion  to  one  involving  only  matrix  failure.  Electron 
microscope  studies  of  the  SiC/matrix  interface  regions  of  these  materials 
have  been  undertaken  using  SEM,  TEM  and  STEM  and  will  be  reported 
along  with  work  on  A356  high  strength  casting  alloy  l  Alcan).  Reference  will 
be  made  to  the  importance  of  thin  foil  preparation  to  the  value  and 
interpretability  of  transmission  EM  results. 

[  1 1  S  F  Corbin  and  D  S  Wilkinson,  Effects  of  temperature  on  the  mechanical 
behaviour  of  a  SiC  particulate  reinforced  A1  alloy.  CIM  Conference,  Halifax, 
August  20-24,  1989 

N5.14 

THE  DISLOCATION  STRUCTURE  AND  ENERGY  OF  NiO-Pt 
INTERFACES.  F.-S.  Shieu  and  S.L.  Sass,  Department  of 
Materials  Science  and  Engineering,  Cornell  University, 
Ithaca,  NY. 

The  dislocation  structure  of  Pt-NiO  (001) 
interfaces  was  studied  using  electron  microscopy  and 
electron  diffraction  techniques.  Specimens  were 
produced  by  hot  pressing  polycrystalline  Pt  films  onto 
thin  NiO  single  crystals,  and  bulk  Pt  single  crystals  onto 
bulk  NiO  single  crystals.  The  polycrystalline  Pt 
specimens  were  used  to  determine  the  favored 
orientation  relationships  between  the  NiO  and  Pt,  while 
the  bulk  NiO-Pt  specimens  were  used  to  study  the 
detailed  structure  of  the  interface. 

Three  categories  of  orientation  relationships  were 
identified:  exact  epitaxy  with  (001)ptll(001  )Nio; 

1 1  1 0 J ptl I [  1 10]Nio;  small  rotations  away  from  exact 
epitaxy  about  the  common  [001]  direction;  high  index 
planes  of  Pt  parallel  to  (001)  of  NiO.  Theoretical 
calculations  of  the  expected  dislocation  structures  of 


interfaces  with  the  first  two  orientation  relationships 
were  made  using  a  Bollmann-type  analysis.  The 
experimental  observations  and  theoretical  predictions 
were  shown  to  be  in  good  agreement.  The  energies  of 
the  interfaces  having  the  first  two  orientation 
relationships  were  shown  to  be  similar  which  is 
believed  to  be  the  reason  why  they  both  occur. 

N5.15 

EFFECT  OF  ANNEALING  ON  THE  ALUMINUM/SiC  INTERFACE 
STRUCTURE  AND  COMPOSITION.  Oiong  Li.  Janez  Megusar  and 
James  A.  Comie,  Massachusetts  Institute  of  Technology,  Cambridge, 

MA 

This  research  is  concerned  with  determination  of  structure  and 
composition  of  interfaces  in  the  SiC  coated  graphite  fiber/  aluminum 
matrix  composite  as  a  function  of  different  processing  parameters.  As 
such,  it  will  contribute  toward  better  understanding  of  the  role  of 
interfaces  in  optimizing  properties  of  metal  matrix  composites. 

The  effect  of  annealing  has  been  studied  by  constructing  graphite 
fiber/amorphous  SiC  and  amorphous  SiC/aluminum  couples 
separately.  Graphite  and  aluminum  ribbons  have  been  coated  with  a 
thin  layer  of  amorphous  SiC  using  plasma  enhanced  chemical  vapor 
deposition  (thickness  of  the  SiC  coating  did  not  exceed  0.3pm).  These 
specimens  were  subsequently  annealed  over  a  wide  temperature  range. 
Interface  structures,  including  reaction  zones,  resulting  from  each 
anneal  were  examined  on  transverse  sections  by  using  high  resolution 
transmission  electron  microscopy  and  scanning  transmission  electron 
microscopy. 

In  the  previously  published  research  we  showed  that  formation  of 
a  reaction  zone  can  be  almost  completely  suppressed  under  appropriate 
conditions  of  aluminum  pressure  infiltration  of  graphite  preforms.  At 
this  conference,  results  on  annealing  of  the  aluminum/amorphous  SiC 
couples  will  be  presented,  with  the  emphasis  on  kinetics  of  a  reaction 
zone  formation. 

N5.16 

INTERFACE  ELECTRONIC  STRUCTURE  OF  TITANIUM 
ALUMINIDE  COMPOSITES 

D.D.  Vvedensky  and  S.  Crampin,  The  Blackett  Laboratory, 

Imperial  College,  London  SW7  2BZ,  U.K.,  M.E.  Eberhart  and  J.M. 
MacLaren,  Los  Alamos  National  Laboratory,  Los  Alamos,  New 
Mexico  87545,  L.  Christodoulou,  Martin  Marietta  Laboratories, 

1450  South  Rolling  Road,  Baltimore,  Maryland  21227-3898. 

The  electronic  structure  of  TiAl,  TiBj,  and  TiAl/TiB3  interfaces  are 
studied  with  the  layer  Korringa-Kohn-Rostoker  method.  These  inter¬ 
faces  occur  in  titanium  aluminide  composites  produced  by  a  casting 
process  known  as  XD”,  which  provides  the  facility  for  engineering 
microstructures  for  certain  specified  properties.  By  examining  and 
comparing  the  bonding  in  TiAl  and  TiB2,  the  calculations  reveal  that 
bonding  between  the  titanium  and  the  boron  at  the  interface  is 
inhibited  by  the  presence  of  aluminum.  These  results  are  further 
supported  by  varying  the  aluminum  concentration  at  the  interface. 
We  also  inves  tiga  te  the  interface  electronic  structure  of  TiN /TiB3  and 
TiC/TiBj  interfaces,  which  are  discussed  in  light  of  the  above  results 
in  terms  of  the  chemxal  and  morphological  stability  of  the  interfaces 
and  thier  implications  for  the  deformation  behavior  of  these  materials. 

N5.17 

A  COMPARISON  OF  SOLID  STATE  REACTIONS  IN 
MECHANICALLY  DEFORMED  MULTILAYERED  COMPOSITES  IN 
THE  NI-TI  AND  NI-ZR  SYSTEMS*;  B.  E.  White,  M.  E. 
Patt  and  E .  ,7 ,  Cotes.  Department  of  Physics, 
Applied  Physics  and  Astronomy;  State  University  of 
New  York  at  Binghamton  -  Differential  scanning 
calorimetry  and  x-ray  diffraction  analysis  were 
utilized  to  monitor  solid  state  reactions  in 
codeformed,  multilayered  composites  in  two 
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different  metal  systems:  Ni-Zr  and  Ni-Ti.  Solid 
state  reactions  at  temperatures  below  «600  K  in  the 
Ni-Zr  system  produce  an  amorphous  alloy  interlayer 
of  up  to  1000  A  on  time  scales  of  order  1  h,  while 
we  have  observed  that  upon  similar  heat  treatment 
the  interdiffusion  of  the  constituents  of  the  Ni-Ti 
diffusion  couple  is  significantly  slower.  A 
previous  comparison  of  the  rate  of  diffusion  of  Ni 
in  a-Ti  versus  the  rate  of  diffusion  of  Ni  in  a-Zr 

also  revealed  such  a  difference^.  Our  results 
further  indicate  that  a  kinetic  constraint  exists 
on  the  formation  of  crystalline  intermetallic 
compounds  in  these  Ni-Ti  diffusion  couples  similar 
to  that  previously  observed  in  Ni-Zr  diffusion 
couples.  Upon  heating  Ni-Ti  diffusion  couples  at  a 
constant  scan  rate  of  10  K/min  the  intermetallic 
compound  NiTi  is  first  observed  by  means  of  x-ray 
diffraction  to  form  at  »670  K.  The  formation  of 
this  intermetallic  compound  is  observed  to  be 
thermally  activated  with  an  activation  energy  of 
2.5  eV. 

XG.  M.  Hood  R.  J.  Schultz, Phil. Mag. 26,329(1972) . 

"Supported  by  Research  Corporation  Grant  C-2587. 

N5.18 

AC  SPECTROSCOPY  OF  COMPOSITE  MATERIALS.  R. 
Gerhardt,  Dept,  of  Ceramics,  Rutgers  University,  P.O.  Box 
909,  Piscataway,  NJ  08855 

Electrical  properties  such  as  dielectric  constant  and 
resistivity  are  very  sensitive  to  compositional  variations, 
presence  of  impurity  phases  as  well  as  the  spatial 
distribution  of  the  phases  in  question.  Therefore,  it  is 
expected  that  any  combination  of  two  materials  used  to 
make  a  composite  will  result  in  noticeable  changes  in  the 
electrical  behavior,  especially  if  the  properties  of  the  end 
members  are  very  different.  Even  more  changes  are 
predicted  if  interdiffusion  between  the  phases  has  occurred. 

The  changes  can  be  detected  by  d.c.  measurements  but 
there  are  several  reasons  why  a.c.  measurements  are 
preferable.  One  of  them  is  that  a.c.  spectroscopy  can  separate 
the  contributions  from  the  different  phases  if  the  right 
frequency  and/or  temperature  range  are  utilized  and  the 
other  is  that  a  lot  more  information  can  be  derived  non- 
destructively  and  in-situ  if  certain  conditions  are  met. 
Examples  of  how  this  technique  can  be  used  to  study 
interfacial  reactions  in  composites  will  be  presented. 

N5.19 

NONDESTRUCTIVE  EVALUATION  or  INTERRACIAL  DAMAGE  IN 
SiC/Al  CONTINUOUS  FIBER  COMPOSITES.  T.M.  Breunia. 
S.R.  Stock,  S.D.  Antolovich,  Mechanical  Properties 
Res.  Lab.  and  Sch.  of  Mat.  Eng.,  Georgia  Inst,  of 
Technology,  Atlanta,  GA  30332-0245;  J.H.  Kinney, 
R.A.  Saroyan  and  Q.C.  Johnson,  Chea.  and  Mat.  Sci. 
Dept . ,  Lawrence  Livermore  Nat .  Lab . ,  Livermore ,  CA 
94550;  M.C.  Nichols,  Mat.  Dept.,  Sandia  Nat.  Lab., 
Livermore,  CA  94550;  and  U .  Bonse,  Dept,  of  Phys., 
Dortmund  Univ. ,  Dortmund,  FRG. 

X-ray  Tomographic  Microscopy  (XTM)  uses  synchrotron 
x-radiation  to  section  samples  nondestructively 
with  resolution  approaching  lpa  and  with 
sensitivity  to  changes  in  linear  absorption 
coefficients  approaching  1%.  Hundreds  of  slices 
can  be  recorded  simultaneously  using  the  XTM,  and 
this  volume  of  material  can  be  observed  throughout 
the  course  of  a  test.  We  report  XTM  of  damage  in 
a  sic  aligned-fiber,  A1  matrix  composite.  The 
location  and  extent  of  microcracking  revealed  by 
XTM  is  analyzed  in  three  dimensions  and  is  compared 
to  results  obtained  from  destructive  sectioning. 
Particular  emphasis  is  placed  on  the  role  of 


interface  cracking  in  determining  mechanical 
properties. 

This  research  was  partially  supported  by  DOE  W- 
7495— ENG— 48 ,  United  Technology  Corp. -Pratt  & 
Whitney  Aircract  Div.,  and  Lockheed  Aeronautical 
Systems  Co. -Marietta,  GA;  and  the  experiments  were 
done  at  Stanford  Synchrotron  Radiation  lab.  which 
is  supported  by  DOE,  Office  of  Basic  Energy 
Sciences  and  NIH  Biotechnology  Resource  Prog.,  Div. 
of  Res.  Resources. 

N5.20 

INTERACTIONS  OF  ACRYLIC  POLYMERS  WITH 
ALUMINUM  SURFACES.  J.  Scott  Shaffer,  Arup  K. 
Chakrahonv.  Center  for  Advanced  Materials,  Lawrence  Berkeley 
Laboratory,  and  Department  of  Chemical  Engineering,  University 
of  California,  Berkeley,  CA;  H.T.  Davis,  Matthew  Tirrell, 

Dept,  of  Chem.  Eng.  &  Mat.  Sci.,  University  of  Minnesota, 

MN. 

The  synthesis  of  interfaces  between  polymers  and  metallic 
substrates  is  of  importance  in  the  microelectronics,  aerospace, 
automotive,  and  food  packaging  industries.  In  order  to  tailor 
these  interfaces  for  specific  applications  it  is  imperative  to 
elucidate  the  relationship  between  specific  properties  of  the 
interface  and  the  electronic  structure  of  the  substrate  and  the 
electronic  and  stereochemical  structure  of  the  polymer.  In  this 
work,  we  present  an  analysis  investigating  the  fundamental 
molecular  events  that  occur  when  acrylic  polymers  approach 
aluminum  surfaces.  We  apply  the  density  functional  theory  of 
the  inhomogeneous  electron  gas  within  fire  framework  of  the 
local  density  approximation.  The  aluminum  surface  is  modelled 
as  a  jellium,  and  interactions  with  oligomers  of  the  polymer  are 
treated  using  linear  response  theory  and  Green’s  functions.  We 
report  results  for  acrylic  polymer  adsorption  that  show  the 
changes  in  the  work  function  of  the  metal,  the  induced 
potential,  and  the  charge  density.  The  results  are  compared  to 
our  previous  Hartree-Fock  calculations  for  the  interactions  of 
PMMA  with  aluminum  atoms,  and  the  implications  of  our 
current  studies  for  polymer  adhesion  are  discussed. 

N5.21 

THE  PRODUCTION  OF  MODULUS  GRADIENTS  AT  INTERFACES.  Andrew 
Garton,  Gautan  Haldankar  and  Edward  Shockey,  Polymer  Program, 
University  of  Connecticut,  97  North  Eagleville  Road,  Storrs, 
CT  06269-3136. 

We  have  developed  a  range  of  additives  for  epoxy  resins  and 
polyimldes  which  increase  the  modulus  by  >50%,  tensile 
strength  by  >40%  and  modify  the  fracture  properties.  The 
structure  of  a  typical  epoxy  additive  is  shown  below 

OH 
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These  additives  may  be  used  to  modify  the  bulk  properties  of 
the  resin,  or  may  be  used  as  primers  for  metal  or  reinforce¬ 
ment  surfaces.  In  the  latter  case,  a  modulus  profile  is  set 
up  at  the  Interface,  which  results  In  improved  stress 
transfer  in  adhesive  bonds  and  composites. 

N5.22 

SURFACE  TREATMENT  OF  CARBON  FIBERS  FOR  USE  IN 
COMPOSITES  WITH  THERMOPLASTIC  RESINS.  Aharon 
Moshonov,  Rafael  Institute,  Haifa,  Israel;  Hong  U,  Georgia 
Institute  of  Technology,  Atlanta.  Ga;  and  John  D.  Muzzy. 
Georgia  Institute  of  Technology,  Atlanta.  Ga. 

The  paper  describes  a  systematic  study  of  surface 
treatment  of  carbon  fibers  by  electrochemical  oxidation 
using  ammonium  nitrite  electrolyte.  The  fibers  were 
oxidized  in  different  reaction  conditions,  such  as; 
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polarization  potential,  electrolyte  concentration,  solution 
temperature  and  duration  of  treatment.  After  oxidation 
the  fibers  were  characterized  by  several  methods.  ESCA 
was  adopted  to  analyze  surface  chemistry;  SEM  was  used 
to  study  surface  morphology  and  changes  in  fiber 
diameters;  Thermal  analyzer  -  to  test  the  thermal  stability 
of  the  treatment;  Micro- mechanical  tester  was  employed 
for  single  filament  tensile  tests  and  single  filament 
critical  length  method  for  measurement  of  the  fiber- 
polymer  matrix  interfacial  strength. 

It  cam  be  seen  from  the  results  that  surface  functionality 
involves  carbon-oxygen  bonds.  Ten  minutes  treatment  is 
sufficient  to  get  uniformity  in  oxygen  pick-up  across  the 
fibers  bundle.  No  change  m  surface  morphology  was 
realized.  The  oxygen  content  on  the  surface  of  the  fiber 
remains  stable  even  after  exposing  them  to  high 
temperatures.  The  treatment  improves  the  adhesion  to 
the  thermoplastic  polymer  and  it  does  not  reduce  the 
mechanical  properties  of  the  fibers. 

N5.23 

EFFECT  OF  Ti+,  Ar+  AND  N+  ION  IMPLANTATION 
ON  ARAMID  FIBER  ADHESIVE  PROPERTIES 

J .  HalatlLar ,  Department  of  Chemical  Engineering; 

D.  S.  Grummon,  Department  of  Metallurgy,  Mechanics 
and  Materials  Science;  L.  T.  Drzal,  Composite 
Materials  &  Structures  Center,  Mich.  State  Univ., 

E.  Lansing,  MI  48824;  I.  H.  Loh,  Advanced  Surface 
Technolgy,  Inc.,  Waltham  MA  02154  and  R.  A.  Moody, 
Spire  Corp.,  Patriots  Park/Bedford,  MA  01730. 

High  performance  synthetic  fibers,  such  as  the 
polyaramids,  have  high  tensile  strength,  low  den¬ 
sity  and  high  toughness,  but  suffer  from  poor 
fiber-matrix  adhesion  when  used  in  polymer  matrix 
composites.  In  the  present  study,  ion  implanta¬ 
tion  has  been  studied  as  a  means  to  improve  inter¬ 
facial  shear  strength  (ISS)  in  epoxy  matrices.  In 
addition  to  fiber-matrix  adhesion  properties, 
tensile  and  compressive  strengths  are  reported  for 
single  fibers  of  duPont  Kevlar-49  implanted  with 
Ti*,  Ar+  and  N+  ions  to  doses  between  IxlO12  and 
IxlO15  ions/cm2  at  energies  of  30  to  400  KeV. 

Fiber  compressive  strengths  were  found  to  be  unaf¬ 
fected  by  the  irradiations,  but  tensile  strength 
was  diminished  for  implantations  at  higher  ener¬ 
gies  and  doses.  Transmission  electron  micrographs 
show  that  fiber-matrix  adhesion  was  significantly 
improved  by  ion  implantation.  However,  critical 
length  measurements  in  .ingle  fiber  composite  ten¬ 
sion  tests  show  that  interfacial  shear  strength  is 
improved  only  when  the  ion  projected  range  exceeds 
1  urn.  Together,  these  observations  suggest  that 
simply  increasing  fiber-matrix  adhesion  is  insuf¬ 
ficient  to  elevate  ISS  and  that  aramid  fiber  skin- 
sore  cohesion  must  also  be  improved. 

45.24 

)ETERMINATION  OF  FLEXIBLE  INTERLAYER  THICKNESS  FOR  FIBER 
IEINFORCED  COMPOSITES.  Kins  H.  Lo.  Robert  W.  Schmitz,  and 
;illiam  G.  Goetenberg,  Shell  Development  Company,  Houston, 

:x. 

The  Influence  of  flexible  lnterlayers/lnterphases  on  the 
>erformance  of  unidirectional  fiber  reinforced  composites 
s  studied.  Micromechanical  analysis  based  on  Che  compos- 
ce  cylinders  model  is  used  to  study  the  stiffness  as  well 
is  the  internal  stress  distributions  within  the  composites, 
lased  on  the  results  of  the  mlcromechanlcs  analysis,  a 
rlterlon  is  proposed  for  the  selection  of  optimal 
nterlayer  thickness  for  various  composites.  The  proposed 
rlterlon  gives  results  which  seem  to  correlate  well  with 
one  of  the  experimental  data  published  in  the  llteracura. 


No .  1 

MEASUREMENT  OF  MOLECULAR  FORCES  AT  SILICA  SURFACES. 
Bimai  Thakkar,  M.  Tirrell.  University  of  Minnesota,  Minneapolis,  MN 
55455;  and  Donald  J.  David,  Monsanto  Corporation,  Springfield,  MA 
01151 

Silica  surfaces  have  recently  been  used  in  the  Israelachvili  surface  forces 
apparatus.  This  has  enabled  us  to  measure  the  contact  adhesion  between 
two  silica  surfaces  in  air  and  dry  nitrogen.  The  pull-off  force  (for  dry  N2) 
divided  by  the  mean  radius  of  curvature  of  the  cylindrical  crossed-surfaces 
was  measured  as  500  +  25  mN/m.  This  corresponds  (using  the  JKR 
theory)  to  an  adhesive  energy  between  the  surfaces  of  52  +  2.5  mJ/tnl. 
These  numbers  are  comparable  to  those  obtained  between  molecularly 
smooth  mica  and  sapphire.  We  have  gone  on  to  use  these  as  substrates  for 
experiments  in  polymer  adhesion  to  silica. 

N6.2 

SURFACE  FORCES  AND  ADHESION  BETWEEN  DISSIMILAR  MATERIALS 
MEASURED  IN  VARIOUS  ENVIRONMENTS  Douglas  T  Smtrh  and 
Roger  G.  Horn,  National  Institute  of  Standards  and 
Technology,  Gaithersburg,  MD  20899. 

The  Israelachvili  Surface  Force  Apparatus  has  been  used 
extensively  over  the  past  decade  to  make  detailed 
measurements  of  surface  forces  and  adhesion  between  very 
smooth  solids  in  various  liquid  and  vapor  environments. 

Most  of  those  measurements  have  been  made  with  mica 
surfaces,  but  we  have  recently  developed  a  method  of 
preparing  smooth  silica  surfaces  for  use  in  place  of  the 
mica.  The  silica  surfaces  adhere  in  dry  and  humid 
atmospheres,  but  do  not  adhere  when  immersed  in  water. 

The  use  of  a  second  material  not  only  broadens  the  scope  of 
the  Israelachvili  technique,  but  also  enables  studies  of 
forces  and  adhesion  between  dissimilar  materials.  In  this 
taLk  we  present  results  of  such  measurements  for  slllca/mica 
and  for  silica  sheets  having  different  surface  preparations, 
interacting  in  dry  and  humid  atmospheres  and  in  bulk  aqueous 
solutions.  We  discuss  the  implications  of  these  results  for 
the  fracture  properties  of  interfaces. 

N6.3 

MEASUREMENT  OF  INTERFACE*!,  FRACTURE  ENERGY.  L.  Rosenfeld, 

J.  E.  Ritter,  M.  R.  Lin  and  T.  J.  Lardner,  Mechanical 
Engineering  Dept.,  Univ.  of  Massachusetts,  Amherst,  MA 
01003. 

The  contact  stresses  resulting  from  indentation  of  a 
compliant  coating  on  a  rigid  substrate  causes  a  debond 
crack  to  initiate  and  propagate  along  the  interface 
underneath  the  indenter.  A  fracture  energy  analysis  of 
this  indentation- induced  debonding  is  presented.  An 
expression  for  the  strain  energy  release  rate  associated 
with  the  debond  crack  was  obtained  by  modelling  the 
debonded  portion  of  the  coating  as  an  annular  plate  with 
plane  stress  conditions  in  the  axial  direction. 

Interfacial  fracture  toughness  is  derived  in  terms  of 
indenter  load,  debond  crack  size,  and  the  thickness  and 
mechanical  properties  of  the  coating.  Finite  element 
analysis  showed  that  the  phase  angle  of  loading,  a  measure 
of  mixity  of  opening  and  shear  along  the  surface  of  the 

debond  crack,  is  about  4S°.  Good  agreement  was  obtained 
between  the  model  and  experimental  results  on  indentation- 
induced  debonding  of  epoxy  coatings  on  glass  substrates. 

This  analysis  provides  a  basis  for  using  indentation- 
induced  debonding  as  a  quantitative  test  technique  for 
measuring  interfacial  fracture  energy. 

M6.4 

THE  EFFECTS  OF  PLASTICITY  ON  THE  FRACTURE 
RESISTANCE  OF  GOLD/ ALUMINA  INTERFACES.  Ivar  E. 
Reimanis.  Brian  J.  Dalgleish,  M.  Ruhle,  Anthony  G.  Evans, 
Materials  Department,  University  of  California,  Santa 
Barbara,  CA. 

Gold /alumina  interfaces  are  created  by  bonding  highly 
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textured  gold  films  (25jim)  to  single  crystal  alumina. 
Continuous  examination  of  interface  debonding  is  carried 
out  by  mechanical  testing  in  situ  in  the  optical  microscope  to 
examine  the  effect  of  plastic  deformation  on  the  energy  of 
fracture  of  the  interface.  Fracture  occurs  at  the  interface  and 
is  accompanied  by  plastic  deformation  in  the  gold  as 
evidenced  by  glide  steps.  Values  of  20J/m2  are  measured  for 
the  fracture  energy  of  the  interface  while  values  of  0.5J/m2 
are  measured  for  the  work  of  adhesion.  The  discrepancy 
between  the  fracture  energy  and  work  of  adhesion  has  been 
quanititatively  modelled  on  the  basis  of  plasticity  occuring  in 
the  gold  during  fracture.  The  contrast  seen  on  fracture 
surfaces  using  differential  interference  in  the  optical 
microscope  is  used  in  conjunction  with  SEM,  TEM,  and  x-ray 
diffraction  to  determine  the  extent  and  nature  of  plasticity. 
The  interface  chemistry  is  also  discussed  briefly  with  respect 
to  stress  corrosion. 

N6.5 

THE  EFFECT  OF  WEAK  INTERFACE  ON  TRANSVERSE  PROPERTIES 
OF  A  CERAMIC  MATRIX  COMPOSITE  R.A.  Shimansky,  H.T.  Hahn. 
and  N.J.  Salamon,  The  Pennsylvania  State  University. 
University  Park.  PA 

Although  a  weak  interface  leads  to  toughening  of  ceramic 
matrix  composites  under  longitudinal  tension,  its  effect  on 
transverse  properties  is  not  well  understood.  The  present 
paper  provides  the  results  of  an  analytical  study  into  how 
transverse  stiffness  and  strength  are  degraded  by  a  weak 
interface. 

A  two-dimensional  finite  element  model  of  a  transverse 
representative  volume  element  was  used  to  study  the  effect  of 
fiber/matrix  debonding.  In  tension  the  fiber/matrix 
debonding  was  found  to  be  almost  equivalent  to  the  absence  of 
fibers.  In  compression,  however,  the  degradation  was  rather 
minimal. 

The  ply  failure  in  a  cross-ply  laminate  was  also  analyzed 
using  the  fracture  mechanics  approach.  The  so-called 
inherent  through-the  thickness  flaw  model  was  used  to  show 
that  the 

in  situ  ply  failure  stress  could  be  much  higher  than  the 
transverse  tensile  strength. 

An  experimental  correlation  was  carried  out  to  confirm  the 
predicted  effects  of  weak  interface  SiC/RBSN  composite 
laminates. 

N6.6 

THE  EFFECT  OF  INTERFACIAL  STRENGTH  ON  THE 
MECHANICAL  BEHAVIOR  OF  LAMINATED  CERAMICS. 
m.d.  Stuart .  C.J.  Russo,  M.P.  Harmer,  H.M.  Chan, 
G.A.  Millar,  Department  of  Materials  Science  & 
Engineering,  Lehigh,  University,  Bethlehem,  PA. 

High  purity  alumina  has  been  utilized  as  a  model 
system  to  evaluate  the  effect  of  interface 
strength  on  the  mechanical  properties  of 
laminated  ceramics.  Layers  were  prepared  by 
tape  casting  followed  by  stacking  to  produce  the 
bulk  sample.  The  degree  of  interfacial  bonding 
between  layers  was  controlled  by  the  pressure 
applied  to  the  green  sheet  stacks  during  a 
uniaxial,  warm  pressing  step  prior  to  sintering. 
The  interface  spacing  could  also  be  regulated  by 
varying  the  green  sheet  thickness. 

Controlled  flaws  were  introduced  into  the 
laminates  perpendicular  to  the  interfaces  by 
indentation,  and  then  propagated  by  loading 
samples  in  biaxial  flexure.  The  resulting 
toughness  and  strength  of  the  laminates  have 


been  reported,  and  are  discussed  in  terms  of  the 
mechanisms  of  energy  dissipation  by  lateral 
cracking  and  of  crack  deflection  at  the 
interfaces. 

N6.7 

THE  EFFECT  OF  FIBER  COATINGS  ON  INTERFACIAL  SHEAR  STRENGTH 
AND  THE  MECHANICAL  BEHAVIOR  OF  CERAMIC  COMPOSITES. 

Richard  A.  Louden.  Oak  Ridge  National  Laboratory, 

P.0.  Box  2008,  Oak  Ridge,  TN  37831-6063 

Thin  coatings  deposited  on  ceramic  fibers  prior  to 
densif Ication  employing  chemical  vapor  infiltration 
techniques  have  been  used  to  limit  fiber-matrix  bonding. 
Improvements  in  strength  and  toughness  at  room  and  elevated 
temperatures  has  been  observed  In  SIC  matrix  composites 
fabricated  from  coated  fibers.  The  properties  of  the 
fiber-matrix  interface  In  fiber-reinforced  ceramic 
composites  have  previously  been  examined  utilizing  an 
indentation  method  in  which  a  standard  microhardness 
indentor  Is  used  to  push  on  fibers  embedded  in  the  ceramic 
matrix.  Although  semlquantltatlve  results  can  be  obtained, 
the  measurements  do  not  differentiate  between  debonding  and 
frictional  sliding.  The  depth- sensing  Nanolndentor  permits 
continuous  measurement  of  force  and  displacement,  therefore 
the  instrument  has  been  used  to  analyze  debonding  and 
frictional  sliding  in  SIC  matrix  composites  fabricated  from 
fibers  with  various  lnterfaelal  coatings.  The  results  have 
been  compared  to  those  determined  using  the  standard 
microhardness  indentor.  Correlations  between  lnterfaelal 
phenomena  and  observed  mechanical  behavior  have  been  made. 


Research  sponsored  by  the  U.S.  Department  of  Energy.  AR6.TD 
Fossil  Energy  Materials  Program,  under  contract  DE-AC05- 
840R21400  with  Martin  Marietta  Energy  Systems,  Inc. 

N6.8 

IMPROVED  PERFORMANCE  IN  MONOFILAMENT  FIBER 
REINFORCED  GLASS  MATRIX  COMPOSITES  THROUGH  THE 
USE  OF  FIBER  COATINGS.  William  K.  Tredwav  and  Karl  M. 
Prewo,  United  Technologies  Research  Center,  East  Hartford,  CT. 

Fiber  reinforced  glass  matrix  composites  are  becoming  an  increasingly 
attractive  material  for  many  structural  applications.  The  wide  range  of 
fibers  available  today  makes  it  possible  to  tailor  these  composites  for 
applications  requiring  vastly  different  properties.  We  have  recently 
developed  a  technique  which  allows  for  the  use  of  large  diameter  (100- 
144  urn)  monofilaments  as  the  reinforcement  for  glass  matrices,  thus 
further  extending  the  range  of  possibilities  for  creating  tailored 
composites.  The  nature  of  the  fiber-matrix  interface  is  critical  to  the 
performance  of  these  materials,  with  strong  adhesion  between  the 
monofilaments  and  the  glass  resulting  in  poor  composite  strength  and 
brittle  fracture  behavior.  However,  the  use  of  coated  monofilaments  has 
resulted  in  a  weaker  fiber-matrix  interface,  with  corresponding  greater 
strengths  and  improved  fracture  toughness. 

This  presentation  will  discuss  the  mechanical  performance  of  glass 
matrix  composites  reinforced  with  both  uncoated  and  coated 
monofilaments.  Analysis  of  the  interfacial  region  using  Auger,  SEM, 
and  TEM  techniques  will  be  discussed.  The  role  of  the  interface  in  the 
control  of  composite  behavior  will  be  emphasized. 

N7.1 

INTERFACIAL  MICROSTRUCTURE  AND  FRACTURE  OF 
ALUMINA  FIBER  REINFORCED  GLASS  MATRIX  COMPOSITES. 
T.  A.  Michalske,  Sandia  National  Laboratories,  Albuquerque,  NM. 

Silicon  carbide  fiber  reinforced  brittle  matrix  composites  have  been  shown 
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to  exhibit  superior  strength  and  fracture  toughness  over  monolithic 
ceramics.  Application  of  these  structures  at  high  temperature  is  limited  by 
oxidation  of  the  fibers  while  their  use  as  electronic  substrates  is  limited  by 
the  dielectric  properties  of  the  fiber.  We  have  been  investigating  an  all 
oxide  composite  system  in  order  to  develop  oxidation  resistant  high 
dielectric  constant  composite  structures.  Polycrystalline  alumina  fiber 
reinforced  glass  matrix  composites  are  used  as  the  model  system.  We  have 
studied  three  different  fiber/matrix  interface  conditions:  the  direct  alumina 
glass  interface,  an  in  situ  grown  zirconia  interfacial  layer,  and  a  vapor 
deposited  ZnO  interfacial  layer.  Strong  bonding  at  the  glass  alumina 
interface  results  in  fiber  failure  ahead  of  the  matrix  crack.  In  siru  zirconia 
layers  promote  fiber  matrix  debonding  but  severely  reduce  the  fiber 
strength.  Vapor  deposited  ZnO  interfacial  layers  prevent  interdiffusion  at 
the  fiber  matrix  interface  and  provide  a  low  strength  interfacial  bond  that  is 
desirable  for  composite  fracture  toughness. 

N7.2 

THE  ROLE  OF  TIN  DIOXIDE  (SnO-,)  INTERPHASE  IN  THE 
MECHANICAL  BEHAVIOR  OF  ALUMlRA/CLASS  COMPOSITE. 

M . H ■ Sladati  and  K.K.Chavla,  New  Mexico  Institute 
of  Mining  and  Technology,  Socorro,  NM  87801 

Alumina  (AI2O3)  and  glass  form  a  strong  chemical 
bond  which  is  undesirable  for  toughness  in  a 
ceramic  matrix  composite.  Tin  dioxide  interphase 
was  incorporated  to  prevent  this  strong  bond. 
Microprobe  analysis  studies  indicated  no  evidence 
of  diffusion  between  alumina  and  tin  dioxide  and 
very  little  between  glass  and  tin  dioxide. 
Indentation  cracking  method  was  applied  to  study 
the  interaction  of  cracks  with  both  rough  and 
smooth  alumina/tin  dioxide  interfaces. 
Indentations  were  placed  on  the  alumina  side  at 
both  45  and  90  degrees  with  respect  to  the 
interface.  In  some  cases,  the  cracks  got  stopped 
at  or  deflected  along  the  interface.  In  many 
cases  the  cracks  penetrated  the  interface,  but 
they  died  out  within  the  Sn02  interphase. 

Futher  investigation  was  carried  out  by  means  of 
four-point  bend  test.  Fracture  surfaces  of  these 
samples  revealed  secondary  cracks  perpendicular 
to  the  principal  crack  direction,  Indicating 
crack  opening  at  weak  alumina/tin  dioxide 
interface.  This  secondary  cracking  involves 
additional  energy  expenditure  in  the  fracture 
process,  i.e.,  an  Improvement  in  toughness. 

Sn02  is, thus,  a  good  diffusion  barrier  interphase 
with  the  necessary  toughness  enhancing 
characteristics  (crack  arresting/deflecting)  for 
the  a lumina/gla33  composite. 

N7.3 

THE  STRUCTURE  OF  INTERFACES  RESULTING  FROM 
WHISKER  SURFACE  PRETREATMENTS  IN  SiC  WHISKER- 
REINFORCED  CERAMIC  MATRIX  COMPOSITES’  T.  A.  Nolan  and 
L.  F  Allard.  High  Temperature  Materials  Laboratory,  Oak  Ridge 
National  Laboratory,  Oak  Ridge,  TN  37831;  M.  H.  Rawlins, 
American  Matrix,  Inc.,  Knoxville,  TN  37922 

Ceramic  matrix  composites  reinforced  with  surface-modified  SiC 
whiskers  have  shown  differences  in  fracture  toughness  depending 
upon  surface  treatments  such  as  acid  washing,  carbon  deposition, 
and  exposure  to  reducing  or  oxidizing  atmospheres).  Whisker 
surface  crystallography  prior  to  incorporation  into  the  composites 
and  the  whisker-matrix  interface  structures  after  composite 
fabrication  have  been  characterized  by  high  resolution  transmission 
electron  microscopy.  Interface  structures  differ  depending  upon 
modification  tratment,  and  these  differences  have  been  related  to 


differences  in  mechanical  properties  of  the  composites. 


'Research  sponsored  in  part  by  the  U.S.  DOE,  Assist.  Sec.  for 
Conservation  and  Renewable  Energy,  Office  of  Transportation 
Systems,  as  part  of  the  High  Temperature  Materials  Laboratory  User 
Program,  under  contract  DE-AC05-840R21400  with  Martin  Marietta 
Energy  Systems. 

N7.4 

THE  EFFECT  OF  INTERFACE  STRUCTURE  ON  THE 
FRACTURE  OF  AI/AI2O3  COMPOSITES.  B.  D.  Flinn.  F.  W. 

Zok,  F.  F.  Lange,  M.  Ruhle,  and  A.  G.  Evans,  University  of 
Califomia-Santa  Barbara,  Santa  Barbara,  CA  93106 

The  influence  of  interface  structure  and  composition 
on  the  fracture  toughness  and  fracture  strength  of  a  ductile 
dispersion  toughened  composite,  (processed  via  the  Lange 
et.al.  method)  has  been  investigated  by  alloying  and  heat 
treatment  of  the  A1  phase.  Other  researchers  (Levi  and 
Mehrabian,  Met.  Trans  A,  1978)  have  shown  that  the 
addition  of  alloying  elements  such  as  Mg,  Cu,  and  Si  to  the 
A1  melt  strongly  effect  the  interface  structure  and  properties 
of  metal  matrix  composites  (AI2O3/AI).  Those  results  have 
been  applied  to  ceramic  matrix  composites  (AI2O3) 
reinforced  with  A1  alloys. 

The  effect  of  precipitates  and  interphase  formation 
on  the  debonding  and  fracture  of  the  interface  was  studied. 

The  interface  structure  and  composition  between  the  AI2O3 
and  the  A1  was  characterized  in  TEM  with  microchemical 
analysis  (EDS  and  PEELS).  The  debonding  and  interface 
failure  was  quantified  in  SEM  by  stereomicroscopy  and  high 
angle  tilting.  These  results  are  correlated  with  the 
mechanical  properties  which  show  a  strong  R-curve 
behavior. 

N7.5 

CREEP  PROPERTIES  AND  INTERFACIAL 
MICROSTRUCTURE  OF  SiC  WHISKER  REINFORCED  Si3N4 
Anders  H.  Swan  and  Lena  K.L.  Falk,  Chalmers  University  of 
Technology,  Gothenburg,  Sweden. 

Whisker  reinforced  ceramic  matrix  composites  have  received  a 
growing  interest  as  potential  structural  ceramics  due  to  the 
improved  fracture  toughness  and  creep  properties  of  the 
material  as  compared  with  non-reinforced  material.  The  most 
critical  factor  in  determining  the  mechanical  properties  of 
whisker  reinforced  ceramics  is  the  interfacial  microstructure 
between  the  whiskers  and  the  surrounding  matrix.  In  this 
study,  the  creep  properties  of  SiC  whisker  reinforced  Si3N4 
composites  and  a  non-reinforced  Si3N4  reference  material  have 
been  studied  using  a  4-point  bending  test  The  composites  have 
been  prepared  by  nitrided  pressureless  sintering  using  Y203  and 
Al203  as  sintering  aids  The  microstructure  of  the  composites 
has  been  studied  using  analytical  transmission  electron 
microscopy.  In  particular  the  interfaces  between  SiC  whiskers 
and  the  surrounding  matrix  have  been  examined  in  order  to 
explain  the  differences  in  creep  behaviour. 
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N7.6 

High  Temperature  Fracture  of  SiC 
Whisker  Reinforced  AI2O3  Matrix 
Composites, 

C.  Mangin,*  J.  Homeny,  S.  S.  Wang, 
University  of  Illinois,  Urbana,  IL 

As  reported  recently  in  the  literature,  the 
mechanical  reliability  of  poly  crystalline 
AI2O3  can  be  improved  by  the  addition  of  SiC 
whiskers.  In  this  study,  the  improvement  of 
the  fracture  toughness  of  SiC  whisker 
reinforced  A1203  has  been  studied.  The 
fracture  toughness  behavior  of  the  composite 
as  a  function  of  temperature  and  whisker 
content  and  type  is  deliniated.  R-curves 
obtained  under  the  various  conditions  are  dis¬ 
cussed.  The  nature  of  the  interfaces  between 
the  SiC  whiskers  and  the  A1203  matrix  and 
their  consequence  on  the  toughening 
mechanisms  is  discussed. 

N7.7 

THE  ROLE  OF  CRYSTALLIZATION  OF  AN  INTERGRANULAR 
GLASSY  PHASE  IN  DETERMINING  GRAIN  BOUNDARY  RESI¬ 
DUAL  STRESSES  IN  DEBASED  ALUMINA.  Nitin  P. 
Padture.  and  Helen  M.  Chan,  Lehigh  University, 
Bethlehem,  PA;  Brian  R.  Lawn,  N.I.S.T.,  Gaithers¬ 
burg,  MD;  and  Michael  J.  Readey,  Coors  Ceramic 
Company,  Golden,  CO. 

The  effect  of  grain  size  and  crystallization  of 
the  intergranular  glass  on  the  R-curve  behavior 
of  Coors  AD85  alumina  has  been  studied.  It  was 
found  that  the  grain  size  has  a  marked  effect  on 
the  R-curve  behavior,  whereas  crystallization  of 
the  intergranular  glass  has  no  effect.  This 
latter  result  was  somewhat  surprizing,  in  that 
crystallization  would  be  expected  to  increase 
grain  boundary  residual  stresses,  and  hence  en¬ 
hance  R-curve  behavior.  TEM  investigation  re¬ 
vealed  that  anorthite,  (the  major  crystalline 
intergranular  phase)  was  highly  twinned.  It  is 
postulated,  therefore,  that  stress  relaxation  by 
high  temperature  deformation  of  anorthite  is  the 
predominant  mechanism  responsible  for  the  lack  of 
effect  of  crystallization  on  the  R-curve  behavior 
of  Coors  AD-85. 

Comparison  of  microstructures  of  anorthite  crys¬ 
tallized  a)  as  an  intergranular  phase  and  b)  from 
a  bulk  glass  will  be  presented.  High  temperature 
hardness  data  (20-1500  C)  obtained  from  anorthite 
will  be  compared  with  that  of  alumina.  Based  on 
the  above  results,  a  model  for  determining  the 
magnitude  and  sign  of  intergranular  residual 
stresses  generated  in  Coors  AD85  during  crystall¬ 
ization  of  intergranular  glass  (and  subsequent 
cooling  to  room  temperature)  will  be  presented. 


N7.8 

THE  EFFECT  OF  RESIDUAL  GRAIN  BOUNDARY  STRESSES  ON 
MECHANICAL  PROPERTIES  OF  ALUMINA-BASED  CERAMICS. 
J.  D.  French .  H.  M.  Chan,  M.  P.  Harmer  and  G.  A. 
Miller,  Department  of  Materials  Science  and 
Engineering,  Lehigh  University,  Bethlehem,  PA. 


One  explanation  which  has  been  put  forward  to 
account  for  R-Curve  behavior  in  non-transforming 
ceramics  is  the  phenomenon  of  grain  bridging 
across  the  crack  walls.  There  is  indirect  evi¬ 
dence  that  residual  grain  boundary  stresses  play 
a  significant  role  in  enhancing  grain  bridging, 
and  hence  R-Curve  characteristics  in  ceramics. 
In  order  to  study  this  effect  systematically,  a 
series  of  two-phase  alumina-based  ceramics  were 
processed  containing  0  -  100%  of  a  non¬ 
transforming  second  phase.  The  two  second  phase 
materials  selected  for  this  purpose  were  a) 
c-Zr02  (8  mol%  YSZ)  and  b)  Al2Ti05.  Zirconia  was 
chosen  for  its  higher  thermal  expansion  coeffic¬ 
ient,  o  =10x10” °/ 'C  (cf.  A1,03,  a  =6. 5x10”°/ * C)  and 
aluminum  titanate  was  chosen  for  its  severe 
thermal  expansion  anisotropy  (Act  m?=23xl0”6/  *C)  . 
In  both  cases,  the  second  phase  addition  acts  as 
a  means  of  pinning  the  matrix  grains  as  well  as  a 
source  of  residual  stress.  The  microstructures 
generated  are  duplex  in  nature  (two  distinct 
phases),  and,  in  the  zirconia  case,  extremely 
stable  at  high  temperatures.  Mechanical  testing 
was  performed  using  an  indentation-strength-in- 
bending  (ISB)  method.  The  effect  of  micro¬ 
structure  and  volume  fraction  of  second  phase  on 
the  mechanical  properties  of  the  A1203 . xc-Zr02 
and  A1203 .yAl2TiO=  ceramic  composites  will  be 
discussed,  together  with  results  of  high 
temperature  hardness  measurements. 
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Proceedings  published  as  Volume  171 
of  the  Materials  Research  Society 
Symposium  proceedings  series. 


Chairs:  D.  W.  Schaefer  and  J.  E.  Mark 

Monday  Morning,  November  27 
Staffordshire  (W) 

8:30  *01.1 

INORGANIC-ORGANIC  COMPOSITES  BY  SOL-GEL 
TECHNIQUES,  Helmut  Schmidt  and  Rudiger  Nass, 
Fraunhof  er-Institut  fur  Silicatforschung , 
Ceramic  Division,  Wurzburg,  West  Germany. 

9:00  *01.2 

NEW  HYBRID  INORGANIC-ORGANIC  MATERIALS  MADE 
BY  THE  SOL  GEL  METHOD:  SYNTHESIS-STRUCTURE- 
PROPERTY  BEHAVIOR,  G.L.  Wilkes.  Bing  Wang, 
Anthony  Brennan,  David  Rodrigues  and  Hao- 
Hsin  Huang,  Virginia  Polytechnic  Institute 
and  State  University,  Department  of  Chemical 
Engineering  and  Polymer  Materials  and  Inter¬ 
faces  Laboratory,  Blacksburg,  VA. 

9:30  01.3 

CATALYTIC  SYNTHESIS  OF  INORGANIC  POLYMERS 
FOR  HIGH  TEMPERATURE  APPLICATIONS  AND  AS 
CERAMIC  PRECURSORS,  Richard  M.  Laine. 
Jeffrey  A.  Rahn,  Martin  L.  Hoppe,  and  Kay 
Youngdahl,  University  of  Washington,  poly¬ 
meric  Materials  Laboratory  and  Materials 
Science  and  Engineering  Department,  Seattle, 
WA. 

9:45  01.4 

CONDUCTING  MULTILAYERED  NANOCOMPOSITES: 
INTERCALATION  OF  CONJUGATED  POLYMERS  IN  LAY¬ 
ERED  MEDIA,  Vivek  Mehrotra,  Taehyun  Kwon, 
and  Enun3n.veX.  p.  CianneliS,  Cornell  Univer¬ 
sity,  Department  of  Materials  Science  and 
Engineering,  Ithaca,  NY. 


10:00 


BREAK 


10:15  01.5 

NYLON  6-CLAY  HYBRID,  Akane  Okada ■  Masaya 
Kawasumi ,  Toshio  Kurauchi ,  and  Osami 
Kamigaito,  Toyota  Central  Research  and 
Development  Laboratories,  Inc.,  Aichi, 
Japan . 

10:30  01.6 

REINFORCEMENT  OF  ELASTOMERS  BY  THE  IN-SITU 
PRECIPITATION  OF  FILLER  PARTICLES,  James  E. 
Mark .  University  of  Cincinnati,  Department 
of  Chemistry,  Cincinnati,  OH;  Dale  w. 
Schaefer,  Sandia  National  Laboratories, 
Albuquerque,  NM. 


10:45  01.7 

STRUCTURE-PROPERTY  RELATIONSHIPS  IN  SILOXANE 
MOLECULAR  COMPOSITES,  D.W,  Schaefer  and  J.E. 
Mark,  Sandia  National  Laboratories,  Albu¬ 
querque,  NM;  L.  Jian,  C.-C.  Sun,  D. 
McCarthy,  C.-Y.  Jiang,  and  Y.-P.  Ning, 
University  of  Cincinnati,  Department  of 
Chemistry  and  the  Polymer  Research  Center, 
Cincinnati,  OH. 

11:00  01.8 

NMR  IMAGING  OF  SILICA-SILICONE  COMPOSITES, 
Leoncio  Garrido  and  Jerome  L.  Ackerman, 
Massachusetts  General  Hospital,  MGH  NMR 
Center,  Department  of  Radiology,  Charles¬ 
town,  MA;  James  E.  Mark,  University  of 
Cincinnati,  Department  of  Chemistry,  Cincin¬ 
nati,  OH. 

11:15  *01.9 

SYNTHETIC  POLYMERS  IN  WATER-IN-OIL  MICRO¬ 
EMULSIONS,  Frangoise  Candau.  Institut  C. 
Sadron,  Department  CRM-EAHP,  CNRS-ULP, 
Strasbourg,  France. 

11:45  01.10 

POLYMER  BASED  Si3N4/BN  COMPOSITES,  Wavde  R. 
Schmidt .  Vi  jay  Sukumar,  William  J.  Hurley, 
Jr.,  Robert  H.  Doremus,  and  Leonard  V. 
Interrante,  Rensselaer  Polytechnic  Insti¬ 
tute,  Departments  of  Materials  Engineering 
and  Chemistry,  Troy,  NY. 


Chairs:  R.  E.  Cohen  and  J.  P.  Cohen-Addad 

Monday  Afternoon,  November  27,  1989 
Staffordshire  (W) 

1:30  *02.1 

STABILIZED  NANOPARTICLES  OBTAINED  FROM 
SYNTHETIC  POLYMERIZABLE  MICELLES  AND  VESI¬ 
CLES,  Constantinos  M.  Paleos.  NRC  "Demok- 
ritos",  Attiki,  Greece. 

2:00  02.2 

THE  PHYSICAL  PROPERTIES  OF  MICROCELLULAR 
COMPOSITE  FOAMS,  Alice  M.  Nyitray  and  Joel 
M.  Williams,  Los  Alamos  National  Laboratory, 
Los  Alamos,  NM?  and  David  Onn,  University  of 
Delaware,  Newark,  DE. 

2:15  *02.3 

BLOCK  AND  STATISTICAL  COPOLYMERS  OF  DIPHEN- 
YLSILOXANE  AND  DIMETHYLSILOXANE ,  D.J.  Meier, 
Michigan  Molecular  Institute,  Midland,  MI. 

2:45  02 . 4 

MULTIPHASE  POLYMER  SYSTEMS  WITH  CONTROLLED 
PHASE  STRUCTURES,  Claus  D.  Eisenbach.  Uni¬ 
versity  of  Bayreuth,  Bayreuth,  West  Germany. 


♦Invited  Paper 


BREAK 
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3:15  02.5 

SYNTHESIS  AND  EMULSIFICATION  EFFECTS  OF 
ISOTACTIC  POLYSTYRENE/POLYBUTADIENE  DIBLOCK 
COPOLYMERS,  Luiai  Cazzaniaa  and  Robert  E. 
Cohen,  Massachusetts  Institute  of  Technol¬ 
ogy,  Department  of  Chemical  Engineering, 
Cambridge,  MA. 

3:30  02.6 

THE  EFFECT  OF  PLANAR  SURFACE  CONSTRAINTS  ON 
THE  MICROPHASE  SEPARATION  OF  STAR-DIBLOCK 
COPOLYMERS,  Dwlaht  W.  Schwark  and  Edwin  L. 
Thomas,  Massachusetts  Institute  of  Technol¬ 
ogy,  Department  of  Materials  Science  and 
Engineering,  Cambridge,  MA;  Chris  S.  Henkee, 
Dow  Chemical  Company,  Midland,  MI;  and  Lewis 
J.  Fetters,  Exxon  Research  and  Engineering 
Company,  Annandale,  NJ. 

3:45  02.7 

PATH  DEPENDENT  MORPHOLOGIES  OF  A  DIBLOCK 
COPOLYMER  OF  POLYSTYRENE/HYDROGENATED  POLY¬ 
BUTADIENE,  Konstadinos  Douzinas.  Charles  V. 
Berney,  and  Robert  E.  Cohen,  Massachusetts 
Institute  of  Technology,  Chemical  Engineer¬ 
ing  Department,  Cambridge,  MA. 

4:00  02.8 

DYNAMIC  IR  STUDIES  OF  MICRODOMAIN  INTER¬ 
PHASES  OF  ISOTOPICALLY  LABELED  BLOCK  COPOLY¬ 
MERS,  I .  Noda .  S.D.  Smith,  and  C.  Marcott, 
Procter  and  Gamble  Company,  Miami  Valley 
Laboratories,  Cincinnati,  OH. 

4:15  02, 9 

CO 2  DIFFUSION  IN  A  POLYSTYRENE/POLYBUTADIENE 
BLOCK  COPOLYMER  WITH  ORIENTED  LAMELLAR 
DOMAINS,  Dave  Rein .  Robert  E.  Cohen,  and 

R. F.  Baddour,  Massachusetts  Institute  of 
Technology,  Chemical  Engineering  Department, 
Cambridge,  MA. 

4:30  QZ^IQ 

MORPHOLOGICAL  CONTROL  OF  BLOCK  COPOLYMERS 
FOR  LOW  GAS  PERMEABILITY  APPLICATIONS, 
Jeffrey  Csernica.  Robert  E.  Cohen  and 
Raymond  F.  Baddour,  Massachusetts  Institute 
of  Technology,  Department  of  Chemical  En¬ 
gineering,  Cambridge,  MA. 

SESSION  03:  RIGID-FLEXIBLE  SYSTEMS 
Chairs:  R.  W.  Pekala  and  A.  M.  Nyitray 
Tuesday  Morning,  November  28 
St.  George  B,C,D  (W) 

8:30  *03.1 

LIGHT  SCATTERING  STUDIES  OF  THE  STATE  OF 
DISPERSION  IN  MOLECULAR  COMPOSITES,  Richard 

S.  Stein  and  Sylvia  Cohen  Addad,  University 
of  Massachusetts,  Lederle  Graduate  Research 
Center,  Amherst,  MA;  Ben  Hsaio,  E.  I.  duPont 
de  Nemours  &  Co.,  Inc.,  Pioneering  Research 
Laboratory,  Wilmington,  DE;  Russell 
Gaudiana,  Polaroid  Corporation,  Cambridge, 
MA. 


9 : 00  *03.2 

RECENT  ADVANCES  IN  THE  MORPHOLOGY  AND 
MECHANICAL  PROPERTIES  OF  RIGID-ROD  MOLECULAR 
COMPOSITES,  Stephen  J.  Krause.  Arizona  State 
University,  Department  of  Chemical,  Bio,  and 
Materials  Engineering,  Tempe,  AZ;  and  Wen- 
Fang  Hwang,  Dow  Chemical  Company,  Central 
Research  -  Advanced  Polymeric  Systems,  Mid¬ 
land,  MI. 

9:30  03.3 

RHEOLOGY  OF  BLENDS  OF  A  RODLIKE  POLYMER 
( PBO )  AND  ITS  FLEXIBLE  CHAIN  ANALOG,  V.S. 
Sullivan  and  G.C.  Berry,  Carnegie  Mellon 
University,  Department  of  Chemistry,  Pitts¬ 
burgh,  PA. 

9:45  03.4 

PBZT  MOLECULAR  COMPOSITES  WITH  ADVANCED 
THERMOPLASTIC  MATRICES,  W.  Michael  Sanford 
and  Gerard  M.  Prilutski,  E.  I.  duPont  de 
Nemours  &  Co.,  Inc.,  Fibers  Department, 
Wilmington,  DE. 

10:00  BREAK 

10:15  03.5 

PBZT-BASED  THERMOPLASTIC  MOLECULAR  COM¬ 
POSITES  DEVELOPMENT;  POLYAMIDE  MATRIX 
SYSTEM,  William  C.  Uv  and  E.  Renee  Perusich, 
E.  I.  duPont  de  Nemours  &  Co.,  Inc.,  Fibers 
Department,  Wilmington,  DE. 

10:30  03.6 

MORPHOLOGY  AND  FORMATION  OF  FIBRILLAR  STRUC¬ 
TURE  IN  PBO  FIBER,  C.C.  Chau.  J.H.  Blackson, 
H.E.  Klassen,  and  W.-F.  Hwang,  The  Dow 
Chemical  Company,  Midland,  MI. 

10:45  Q3  r  7 

MELT  PROCESSABLE  POLYMER  COMPOSITES  BASED  ON 
THERMOTROPIC  AND  FLEXIBLE  POLYMERS,  G^ 
Crevecoeur  and  G.  Groeninckx,  University  of 
Leuven,  Laboratory  for  Macromolecular  and 
Structural  Chemistry,  Leuven,  Belgium. 

11:00  03.8 

MOLECULAR  COMPOSITES  OF  RODLIKE/FLEXIBLE 
POLYIMIDES ,  S.R.  Roistaczer.  D.Y.  Yoon,  and 
W.  Volksen,  IBM  Almaden  Research  Center,  San 
Jose,  CA;  and  M.  Ree,  IBM  East  Fishkill 
Facility,  Hopewell  Junction,  NY. 

11:15  03.9 

STRUCTURE  AND  PROPERTIES  OF  BLENDS  FROM 
POLY  (  CARBONATE)  AND  POLY ( ETHYLENETERE- 
PHTHALATE-CO-P-HYDROXYBENZOATE)  :  PHASE 
DIAGRAM  AND  MECHANICAL  BEHAVIOUR,  Robert 
Kosfeld,  Frank  Schubert,  and  Michael  Hess. 
University  of  Duisburg,  Department  of  Physi¬ 
cal  Chemistry,  Duisburg,  West  Germany. 
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11:30  03.10 

PHASES  AND  PHASE  DIAGRAMS  IN  BLENDS  OF 
POLYMER  LIQUID  CRYSTALS  WITH  ENGINEERING 
POLYMERS,  Witold  Brostow.  University  of 
North  Texas,  Center  for  Materials  Charac¬ 
terization  and  Department  of  Chemistry, 
Denton,  TX;  Theodore  S.  Dziemianowicz , 
Himont  U.S.A.  Inc.,  Wilmington,  DE;  Michael 
Hess  and  Robert  Kosfeld,  Universitat  Duis¬ 
burg,  FB6  -  Physikalische  Chemie,  Duisburg, 
West  Germany. 

11:45  Q_X.11 

STRUCTURE  OF  POLYQUINOLINE  MOLECULAR  COM¬ 
POSITE  -  A  SMALL  ANGLE  SCATTERING  STUDY, 
Wen-li  Wu.  National  Institute  of  Standards 
and  Technology,  Polymers  Division,  Gaithers¬ 
burg,  MD;  John  K.  Stille,  Joseph  W.  Tsang, 
and  Alex  J.  Parker,  Colorado  State  Univer¬ 
sity,  Department  of  Chemistry,  Fort  Collins, 
CO. 

SESSION  04:  BLENDS / I PN's 
Chairs:  G.  c.  Berry  and  W.  L.  Wu 
Tuesday  Afternoon,  November  28 
St.  George  B,C,D  (W) 

1:30  *04 . 1 

PHASE  BEHAVIOR  IN  POLYMER  BLENDS,  William  J. 
MacKniaht  and  Frank  E.  Karasz,  University  of 
Massachusetts,  Polymer  Science  and  Engineer¬ 
ing,  Amherst,  MA. 

2:00  *04.2 

SANS  STUDIES  OF  BLENDS  OF  PROTONATED  LINEAR 
POLYSTYRENE  WITH  CROSSLINKED  DEUTERATED 
POLYSTYRENE,  Robert  M.  Briber.  National 
Institute  of  Standards  and  Technology, 
Polymers  Division,  Gaithersburg,  MD. 

2:30  04.3 

DYNAMICS  OF  PHASE  SEGREGATION  IN  POLY-P- 
PHENYLENE  TEREPHTHALAMIDE  AND  AMORPHOUS 
NYLON  BLENDS,  J.C.  Yang,  T.I.  Chen  and  L 
Kyu .  University  of  Akron,  Center  for  Polymer 
Engineering,  Akron,  OH. 

2:45  04.4 

BLENDS  OF  CRYSTALLI ZABLE  POLYBUTADIENE 
ISOMERS,  Moira  Marx  Nir  and  Robert  E.  Cohen, 
Massachusetts  Institute  of  Technology, 
Department  of  Chemical  Engineering,  Cam¬ 
bridge,  MA. 

3:00  BREAK 

3:15  &SU& 

FACTORS  INFLUENCING  PROPERTIES  OF  SAN/PMMA 
BLENDS,  R.  Subramanian.  Y.S.  Huang,  J.F. 
Roach,  and  D.R.  wiff,  GenCorp  Research, 
Akron,  OH. 


3  : 30  04.6 

DIELECTRIC  STUDIES  OF  POLYESTER/POLYCAR¬ 
BONATE  BLENDS,  James  M.  O'Reilly  and  Joseph 
S.  Sedita,  Eastman  Kodak  Company,  Corporate 
Research  Laboratories,  Rochester,  NY. 

3:45  *04.7 

INTERPENETRATING  POLYMER  NETWORKS  AND  RE¬ 
LATED  TOPOLOGICAL  ISOMERS,  Harry  L.  Frisch. 
State  University  of  New  York,  Department  of 
Chemistry,  Albany,  NY. 

4:15  04.8 

MOLECULAR  MODELING  OF  INTERPENETRATING 
POLYMER  NETWORKS  ( IPNs ) ,  W.B.  Hammond  and 

D. C.  Prevorsek,  Allied-Signal,  Inc.,  Morris¬ 
town  ,  NJ . 

4:30  04.9 

FORMATION  OF  IPN  TYPE  THERMOPLASTIC  MOLECU¬ 
LAR  COMPOSITES,  David  A.  Valia.  General 
Dynamics  Corporation,  Convair  Division,  San 
Diego,  CA. 

SESSION  05:  I ONOMERS /STRUCTURE 
Chairs:  J.  M.  O'Reilly  and  I.  Noda 

Wednesday  Morning,  November  29 
St.  George  B,C,D  (W) 

8:30  *05.1 

MOLECULAR  VARIABILITY  IN  IONOMERS ,  A.  Eisen- 
bera .  McGill  University,  Department  of 

Chemistry,  Montreal,  Canada. 

9:00  05.2 

BLOCK  COPOLYMER  IONOMERS:  SULFONATED 

STYRENE- ( ETHYLENE- CO- BUTYLENE ) -STYRENE 
POLYMERS,  R, A.  Weiss  and  A.  Sen,  University 
of  Connecticut,  Department  of  Chemical 
Engineering/Polymer  Science  Program,  storrs, 
CT;  L. A.  Pottick  and  C.L.  Willis,  Shell 
Development  Company,  Westhollow  Research 
Center,  Houston,  TX. 

9:15  05.3 

"GRAFT  COPOLYMERS"  FORMED  BY  SPECIFIC  INTER¬ 
ACTIONS  IN  POLYSTYRENE  AND  POLYISOPRENE 
BASED  IONOMERIC  BLENDS,  Sun  Sasonako.  M. 
Sabade,  and  R.A.  Weiss,  University  of  Con¬ 
necticut,  Polymer  Science  Department, 
Storrs,  CT;  and  R.  Jerome,  University  of 
Liege,  Liege,  Belgium. 

9:30  05.4 

MORPHOLOGY  OF  IONIC  BLOCK  COPOLYMERS  BY 
SAXS,  Jean-Pierre  Gouin.  Alain  Desjardins 
and  Adi  Eisenberg,  McGill  University,  Chem¬ 
istry  Department,  Montreal,  Canada;  Claudine 

E.  Williams,  LURE  University  Paris-Sud, 
Department  BAT  209  D,  Or say,  France. 
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9:45  05.5 

SMALL  ANGLE  X-RAY  SCATTERING  ON  POLY (ETHYL - 
ENE-METHACRYL1C  ACID)  LEAD  AND  LEAD  SULFIDE 
IONOMERS,  Dan  0 .  Wu  and  Ben janun  Chu,  State 
University  of  New  york  at  Stony  Brook, 
Department  of  Chemistry,  Stony  Brook,  NY; 
and  Waiter  Mahler,  E.  I.  duPont  de  Nemours  & 
Co.,  Inc.,  Central  Research  and  Development 
Department,  Wilmington,  DL. 

10:00  BREAK 

10- 15  05.6 

POLYMER  COMPOSITES  WITH  ELECTRONIC  AND  IONIC 
CONDUCTIVITIES,  P.  Aldebert,  N.  Girault,  H. 
Finer! .  C.E.A. ,  Groupe  Physico-Chimie  Mole- 
culaire,  Grenoble,  France;  and  P.  Audebert, 
Universite  Paris  vn ,  Laboratoire  d'Electro- 
chimie  Moleculaire,  Paris,  France. 

10:30  *05.7 

EXCIMER  AND  EXCITON  FUSION  OF  BLENDS  AND 
MOLECULARLY  DOPED  POLYMERS — A  NEW  MORPHOLOG¬ 
ICAL  TOOL,  Zhong-You  Shi,  Ching-Shan  Li, 
Irene  E.  Newhouse  and  Raoul  Kopelman.  The 
University  of  Michigan,  Department  of  Chem¬ 
istry,  Ann  Arbor,  Ml. 

11.00  05.8 

THE  ORDERED  BIC0NTINU0US  DOUBLE  DIAMOND 
STRUCTURE  IN  BLENDS  OF  DIBLOCK  COPOLYMER  AND 
HOMOPOLYMER,  Karen  I .  Winev .  University  of 
Massachusetts,  Polymer  Science  and  Engineer¬ 
ing  Department,  Amherst,  MA;  and  Edwin  L. 
Thomas,  Massachusetts  Institute  of  Tech¬ 
nology,  Materials  Science  Department,  Cam¬ 
bridge,  MA. 

11:15  05.9 

STUDIES  ON  THE  MICROSTRUCTURE  OF  CORE-SHELL 
COPOLYMERS  BY  ELECTRON  MICROSCOPY,  R.  Velaz¬ 
quez,  UNAM,  Institute  de  Fisica,  Mexico, 
Mexico;  A.  Cruz,  UNAM,  Facultad  de  Quimica, 
Mexico,  Mexico;  and  V.K.  Castaiio .  UNAM, 
Instituto  de  Fisica,  Mexico,  Mexico. 

11- 30  QZulSL 

STUDIES  ON  THE  EXCESS  FREE  ENERGY  AND  THE 
COLLECTIVE  DIFFUSION  CONSTANT  OF  THE  BLEND 
a-PS/PVME  AND  THE  ISOTOPIC  BLEND  d-PS/PS 
WITH  NEUTRON  SMALL  ANGLE  SCATTERING , 
SchWflhn ,  KFA  Jiilich  GmbH,  Institut  fur 
Festkorperf orschung ,  Jiilich,  West  Germany; 
K.  Hahn,  J.  Streib.  BASF  Aktiengesellschaft . 
Polymer-,  Festkorperphysik ,  Ludwigshaf en , 
West  Germany;  and  T.  Springer,  KFA  Jiilich 
GmbH,  Institut  fur  Festkbrperf orschung , 
Julich,  West  Germany. 

11:45  QZjJU 

PROPERTIES  AND  STRUCTURE  OF  POLY(VINYL 
ALCOHOL)  (PVA) /MELAMINE  FORMALDEHYDE  (MF) 
MOLECULAR  COMPOSITES,  Kechena  Gong  and 
Xinghua  Zhang,  South  China  University  of 
Technology,  Polymer  Structure  and  Modifica¬ 
tion  Research  Laboratory,  Guangzhou,  China. 


SESSION  Of  : 

S  M’l'hi  .-  1 S  /  E..E  CTR0-0P1  i  CAi. 

Chairs:  C. 

PROPERTJ  E5‘ 

D.  Ersenbach  ano  D.  Q.  Wu 

Wednesday  Afternoon,  Nc  •.-ember  i- 
St .  George  h , C , L  . W 

1:30  *06. 1 

MORPHOLOGICAL  CONSEQUENCES  OF  CATALY7  i 
HYDROGENATION  OF  POLYMERS  *N  THE  BULK,  l.aur  c 
R.  Giilioir, .  Sandia  National  Laboratories 
Albuquerque,  NM. 

2:00  06 ■ 2 

SYNTHETIC  C0NTR01,  OF  MOLECULAP  STRUCTURE  If 
ORGANIC  AEROGELS,  Pi  chare  W.  PeKsIg  Law¬ 
rence  Livermore  National  Laboratory .  cnemis- 
try  and  Materials  Science  Department,  L- "ar¬ 
mor  e,  CA. 

2:15  06.3 

SYNTHETIC  PROCEDURES  FOR  PREPARING  CP.0S5 - 
LINKABLE  ACRYLIC  COMB-LIKE  COPOLYMERS  M  *. 
MACROMONOMERS,  G . -F  Cher  and  Lran)  >■ 
Jones .  North  Dakota  State  University'  Poly¬ 
mers  ana  Coatings  Department,  Targe,  NZ . 

2:30  06.4 

SYNTHESIS  AND  CHARACTERIZATION  OF  SEGMENT El 
COPOLYMER?  OF  A  METHYLATED  POLi AMIDE  AND  ‘ 
THERMOTROPIC  LIQUID  CRYSTALLINE  POLYESTER 
Gregory  T.  Pawlikowsk: .  R.A.  Weiss,  ano  S.J 
Huang,  University  of  Connecticut,  Inst,  tuts 
of  Material  Science,  Storrs,  CT. 

2:45  06.5 

MORPHOLOGY  OF  SOLVENT  CAST  DIBLOCK  C0P011 - 
MERS  AND  COPOLYMER-HOMOPOLYMER  BLENDS  CON¬ 
TAINING  11  DURHAM POLYACETYLENE,  \  .  Sankara" 
Massachusetts  Institute  of  Technology 
Department  of  Cnemical  Engineering,  Cam¬ 
bridge,  MA;  R.R.  Schrock ,  Massachusetts 
Institute  of  Technology,  Chemistry  Depart¬ 
ment,  Cambridge,  MA;  and  P.E.  Cohen,  Mas¬ 
sachusetts  Institute  of  Technology,  Depart¬ 
ment  of  Chemical  Engineering,  Cambridge,  Ka , 

3:00  BREAK 

3:15  *06 ■ 6 

AGGREGATION  STRUCTURE  AND  ELECTRO-OPTICAL 
PROPERTIES  OF  (LIQUID  CRYSTALLINE  POLYMER': 
(LOW  MOLECULAR  WE1GH1  L1QU1E  CRYSTAL)  COM¬ 
POSITE  SYSTEM,  Tisato  KaTiyama.  Kyushu 
University,  Department  of  Applied  Chemistry 
Fukuoka,  Japan. 

3:45  06.7 

(ABSTRACT  WITHDRAWN) 
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4:00  06_j_8 

ELLCTRI  CALLY  CONDUCTIVE  COMPOSITE  PREPARED 
BV  TEMPLATE  POLYMERIZATION  OF  PYRROLE  INTO  A 
COKPLEXED  POLYMER,  A.  Mohair, madi  ■  D.W.  Paul, 
O.  Inqanas,  J.O.  Nilsson,  and  I.  Lundstom, 
Linkoping  Institute  of  Technology,  Labora¬ 
tory  of  Applied  Physics,  Department  of 
Physics  and  Measurement  Technology,  Lin¬ 
koping,  Sweden. 

4:15  Q6^a 

MIXED  ALKALI -ALKALINE  EARTH  METAL  PERCHLOR¬ 
ATE  POLYETHER  COMPLEXED  COMPOSITE  POLYMER 
ELECTROLYTES:  INVESTIGATION  OF  STRUCTURAL 

AND  TRANSPORT  PROPERTIES,  A . N .  Duraa  Rani. 
Indian  Institute  of  Technology,  Department 
of  Physics,  Madras,  India;  and  P.  Sathya 
Sainath  Prasad,  University  of  Minnesota, 
Corrosion  Research  Center,  Department  of 
Chemical  Engineering  and  Materials  Science, 
Minneapolis,  MN. 

SESSION  07;  INTERFACES /MECHANICAL 

Chairs:  W.  M.  Sanford  and  R.  Subramanian 
Thursday  Morning,  November  30 
St.  George  B,C,D  (W) 

8:30  *07.1 

DIBLOCK  COPOLYMERS  AT  INTERFACES,  Peter  F. 
Green .  Sandia  National  Laboratories,  Albu¬ 
querque,  NM. 

9:00  07.2 

SHORT  TIME  RELAXATION  AT  POLYMERIC  INTER¬ 
FACES,  A.  Karim.  A.  Mansour,  and  G.P. 
Felcher,  Argonne  National  Laboratory,  Ma¬ 
terials  Science  Department,  Argonne,  IL;  and 
T.P.  Russell,  IBM  Almaden  Research  Center, 
Polymer  Science  Department,  San  Jose,  CA. 

9:15  07,3 

NEUTRON  REFLECTION  STUDY  OF  SURFACE  ENRICH¬ 
MENT  IN  AN  ISOTOPIC  POLYMER  BLEND,  R.A.L. 
Jones,  L.  Norton,  and  E.J.  Kramer,  Cornell 
University,  Materials  Science  Department, 
Ithaca,  NY;  R.J.  composto  and  R.S.  stein, 
University  of  Massachusetts  at  Amherst, 
Amherst,  MA;  T.P.  Russell,  IBM  San  Jose 
Research  Division,  San  Jose,  CA;  G.P. 
Felcher,  A.  Mansour,  and  A..  Karim,  Argonne 
National  Laboratory,  Materials  Science 
Department,  Argonne,  IL. 

9:30  07.4 

INTERDIFFUSION  AND  INTERFACIAL  MOTION  IN 
POLYMER  BILAYERS,  T.P.  Russell,  IBM  Almaden 
Research  Center,  Polymer  Science  Department, 
San  Jose,  CA;  A.  Karim,  A.  Mansour,  and  G.P. 
Felcher .  Argonne  National  Laboratory,  Mate¬ 
rials  Science  Department,  Argonne,  IL. 


9:45  07.5 

X-RAY  REFLECTIVITY  AND  FLUORESCENCE  MEASURE¬ 
MENTS  FROM  POLYSTYRENE-CO-BROMOSTYRENE/POLY- 
STYRENE  BLENDS,  J.  Sokolov.  M.H. 
Rafailovich,  and  X.  Zhao,  Queens  College, 
Department  of  Physics,  Flushing,  NY;  W.B. 
Yun,  Argonne  National  Laboratory,  Argonne, 
IL;  R.A.L.  Jones  and  E.J.  Kramer,  Cornell 
University,  Ithaca,  NY;  R.J.  Composto, 
University  of  Massachusetts  at  Amherst, 
Amherst,  MA;  and  B.  Arun,  Brooklyn  College, 
Brooklyn,  NY. 

10:00  BREAK 

10:15  07.6 

SURFACE  MODIFICATION  AND  SURFACE  SEGREGATION 
PROPERTIES  OF  BLOCK  COPOLYMERS,  E.  Parsonage 
and  M.  Tirrell,  University  of  Minnesota, 
Department  of  Chemical  Engineering  and 
Materials  Science,  Minneapolis,  MN;  H. 
Watanabe,  Osaka  University,  Department  of 
Macromolecular  Science,  Osaka,  Japan. 

10:30  Q7.7 

INTERFACIAL  SEGREGATION  EFFECTS  IN  MIXTURES 
OF  HOMOPOLYMERS  WITH  COPOLYMERS ,  Vi~iav  S. 
Wakharkar .  Thomas  P.  Russell,  and  Vaughn  R. 
Deline,  IBM  Almaden  Research  Center,  San 
Jose,  CA. 

10:45  07. B 

A  NEW  VARIABLE  ANGLE  FT-IR  ELLIPSOMETER , 
J.L.  Stehle,  J . H .  Lecat.  J.P.  Piel,  o. 
Thomas  and  P.  Evrard,  SOPRA,  Bois-Colombes , 
France;  L.C.  Hammond,  ARIES/QEI ,  Concord, 
MA. 

11:00  07.9 

POLYMER  MOLECULES  AT  INTERFACES:  STUDIES  BY 
SMALL-ANGLE  NEUTRON  SCATTERING,  W.C. 
Forsman  and  B.E.  Latshaw,  University  of 
Pennsylvania,  Department  of  Chemical  Engi¬ 
neering,  Philadelphia,  PA;  and  D.T.  Wu,  The 
Marshall  Laboratory  of  the  duPont  Company, 
Philadelphia,  PA. 

11:15  Q7_.ip 

MECHANICALLY  INDUCED  SILICA-SILOXANES  MIX¬ 
TURES,  STRUCTURE  OF  THE  ADSORBED  LAYER  AND 
PROPERTIES  OF  THE  NETWORK  STRUCTURE,  J.P. 
Cohen-Addad .  Laboratoire  de  Spectrometrie 
Physique,  St.  Martin  d'heres,  France. 

11:30  P?,n 

THE  EFFECT  OF  MASKED  ISOCYANATES  ON  THE 
MECHANICAL  PROPERTIES  OF  MY  720/DDS  EPOXY 
RESIN,  N.  Rungsimuntakul ,  R .  E ,  Fornes .  and 
R.D.  Gilbert,  North  Carolina  State  Univer¬ 
sity,  Fiber  and  Polymer  Science  Department, 
Raleigh,  NC. 
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11:45  07.12 

A  STUDY  OF  SHORT  METAL  FIBER  REINFORCED 
COMPOSITE  MATERIALS,  W.C.  Chung,  San  Jose 
State  University,  Division  of  Technology, 
San  Jose,  CA. 

SESSION  08: _ MISCELLANEOUS/ 

CONVENTIONAL  COMPOSITES 
Chairs:  R.  R.  Haghighat  and  T.  Kurauchi 
Thursday  Afternoon,  November  30 
St.  George  B,C,D  (W) 

1:30  *08.1 

DEFORMATION  BEHAVIORS  OF  POLYMER  GELS  IN 
ELECTRIC  FIELD,  T.  Kurauchi.  T.  Shiga,  Y. 
Hirose,  and  A.  Okada,  Toyota  Central  Re¬ 
search  and  Development  Laboratories,  Inc., 
Aichi,  Japan. 

2:00  08.2 

BIAXIAL  EXTRUSION  OF  POLYIMIDE  LARC-TPI  & 
LARC-TPI  BLENDS,  R,  _Ross  Haghighat,  Lucy 
Elandjian,  Richard  W.  Lusignea,  Foster 
Miller,  Inc.,  Waltham,  MA. 

2:15  08.3 

THE  PROPERTIES  OF  RUBBER-CRUMB  TOUGHENED 
POLYSTYRENE  COMPOSITES  OBTAINED  THROUGH 
REINFORCING  REACTION  MOULDING,  Kecheng  Gong 
and  Lona-aui  Zhona .  South  China  University 
of  Technology,  Department  of  Polymer  Sci¬ 
ence,  Guangzhou,  China. 

2:30  08.4 

FOURIER  TRANSFORM  RAMAN  STUDIES  OF  SEMI- 
FLEXIBLE  FLUOROCARBON  CHAINS  CONTAINING  AN 
AROMATIC  CORE,  A.  Schulte,  v.  Hallmark,  R. 
Twieg,  K.  Song  and  J.F.  Rabolt,  IBM  Almaden 
Research  Center,  San  Jose,  CA. 

2:45  08.5 

THE  EFFECT  OF  LOW  POWER  AMMONIA  AND  NITROGEN 
PLASMAS  ON  CARBON  FIBRE  SURFACES,  C.  Jones. 
University  of  Illinois,  National  Centre  for 
Composite  Materials  Research,  Urbana,  IL, 
and  Liverpool  University,  IRC,  Department  of 
Physics,  Liverpool,  United  Kingdom;  and  E. 

’  Sammann,  University  of  Illinois,  Materials 

Research  Laboratory,  Urbana,  IL. 

I  3:00  BREAK 

3:15  08.6 

I  (ABSTRACT  WITHDRAWN) 

l  3:30  08.7 

DETERMINATION  OF  PARTICLE  SIZE  OF  A  DIS- 
!  PERSED  PHASE  WITH  SMALL-ANGLE  X-RAY  SCATTER¬ 

ING,  Frank  C.  Wilson.  E.  I.  duPont  de 
\  Nemours  &  Co.,  Inc.,  Polymer  Products 

!  Department,  Wilmington,  DE. 


3:45  08.8 

THERMAL  AND  RHEOLOGICAL  STUDY  OF  A  THERMO¬ 
TROPIC  LIQUID  CRYSTALLINE  POLYMER, 
Fruitwala .  A.L.  Cimecioglu,  and  R.A.  Weiss, 
University  of  Connecticut,  Institute  of 
Material  Science,  Polymer  Science  Program 
and  Department  of  Chemical  Engineering, 
Storrs,  CT. 

4:00  08.9 

BLENDS  OF  POLY ( STYRENE-CO-MALEIC  ANHYDRIDE) 
WITH  MAIN-CHAIN  NEMATIC  POLYESTERS:  PHASE 

BEHAVIOR  AND  MELT  RHEOLOGY,  J.J.  Mara.  R.B. 
Blumstein,  A.  Blumstein,  University  of 
Lowell,  Polymer  Science  Department,  Lowell, 
MA;  and  G.  Kharas,  Polysar,  Inc., 
Leominster,  MA. 
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01.1 

INOKGrtNIC-ORGANIC  COMPOSITES  BY  SOL-GEL  TECHNIQUES . 
Helmut  Schmidt  and  Rlidiger  Nab,  Fraunhofer-Insti- 
tut  fiir  Silicatforschung,  Neunerplatz  2,  D-C700 
Wurzburg,  Fed.  Rep.  Germany 

The  incorporation  of  inorganic  units  into  organic 
polymers  on  a  finely  deviaed  or  on  a  molecular 
scale  can  be  a  new  challenge.  Therefore,  it  is 
necessary  to  start  from  inorganic  monomers  or  oli¬ 
gomers  as  precursors  and  to  use  chemical  links  to 
organic  monomeric,  oligomeric  or  even  polymeric 
units.  A  suitable  link  can  be  a  coordinative  bond, 
e.g.  complex  formation  between  ligands  bond  to  a 
polymeric  chain  and  a  metal  atom  of  a  ceramic  pre¬ 
cursor.  Another  suitable  link  is  the  =Si-Cs  bond 
with  the  Si  fixed  to  a  ceramic  network  via  a  iSi-0- 
bond.  As  ceramic  precursors  alkoxides  undergoing  a 
sol-gel  reaction  can  be  used,  thus  building  up  an 
inorganic  backbone.  For  the  formation  of  the  organ¬ 
ic  polymeric  chain,  a  variety  of  already  known  prin¬ 
ciples  can  be  applied.  Examples  for  the  chemistry, 
structure  to  property  relation  and  important  appli¬ 
cations  for  both  basic  principles  with  Si,  Ti,  Zr, 
and  A1  containing  polymers  are  given. 

01.2 

NEW  HYBRID  INORGANIC-ORGANIC  MATERIALS  MADE  BY 
THE  SOL  GEL  METHOD:  SYNTHESIS 

STRUCTURE-PROPERTY  BEHAVIOR.  Q.  L.  WilKSS.  Bing 
Wang,  Anthony  Brennan,  David  Rodrigue*  and 
Hao-Hsin  Buang,  Virginia  Polytechnic  Institute  t 
state  university,  Departaent  of  Cheaical 
Engineering  and  Polymer  Materials  and  Interfaces 
Laboratory,  Blacksburg,  VA. 

Over  the  past  few  years,  a  number  of  network 
hybrid  materials  baaed  on  reactions  between  metal 
alkoxides  and  appropriately  functionalised 
organic  polymers  .'oligomers  have  been  made.  Under 
the  appropriate  conditions,  a  good  dispersion  of 
these  components  can  be  developed  at  the  time  of 
the  sol  gel  reaction  that  promotes  a  high  degree 
of  mixing  of  these  components  in  the  final 
network  structure.  The  presentation  will  focus 
on  the  range  of  synthesis  that  has  been  utilised 
to  incorporate  such  metal  alkoxides  as  those 
based  on  aluminum,  silicon,  titanium  and 
zirconium.  The  organic  oligomers  will  include 
such  low  Tg  backbone  materials  as 
polydimethylsiloxane  and  polytetramethylene  oxide 
as  well  as  higher  Tg  backbone  systems  such  as 
polyether  ketone.  In  addition  to  the  general 
synthesis,  emphasis  will  also  be  distinctly 
placed  on  understanding  the  structure-property 
behavior  of  these  materials  utilising  mechanical 
and  structural  techniques  such  as  dynamic 
mechanical  spectroscopy,  small  angle  x-ray 
scattering  and  transmission  electron  microscopy. 

01.3 

CATALYTIC  SYNTHESIS  OF  INORGANIC  POLYMERS  FOR  HIGH 
TEMPERATURE  APPLICATIONS  AND  AS  CERAMIC  PRECURSORS: 

Richard  M.  Lain*,  Jeffrey  A.  Rahn,  Martin  L.  Hoppe  and 
Kay  Youngdahl:  Polymeric  Materials  Laboratory  and 
Department  of  Materials  Science  and  Engineering, 

University  of  Washington,  Seattle,  WA  98195 

Titanium  catalyzed  redistribution  of  -[MeHS10]x-  and 
-[HjSINMe]^  In  toluene  leads  to  the  formation  of  tractable 
inorganic  polymers  that  can  be  spun  or  used  to  form  films. 

The  high  temperature  chemistry  of  these  polymers  will  be 
discussed. 


01.4 

CONDUCTING  MULTILAYERED  NANOCOMPOSITES: 
INTERCALATION  OF  CONJUGATED  POLYMERS  IN  LAYERED 
MEDIA.  Vivek  Mehrotra,  Taehyun  Kwon  and 
Emmanuel  P.  Giannelis.  Department  of  Materials 
Science  and  Engineering,  Cornell  University, 
Ithaca,  NY  14853. 

Intercalation  compounds  formed  by  the  insertion 
of  molecular  layers  in  the  galleries  of  a  host 
structure  offer  new  opportunities  in  designing 
multiphase  systems  with  dispersion  at  the 
molecular  level.  Oxidative  intercalation- 
polymerization  of  aniline,  pyrrole,  and 
thiophene  in  the  intracrystalline  region  of 
layered  silicates  results  in  a  new  generation 
of  conducting  molecular  composites.  These 
materials  consist  of  a  multilayered  structure 
with  a  periodicity  of  a  few  Angstroms  in  which 
molecular  monolayers  of  the  polymer  are 
alternately  stacked  with  the  insulating  host. 
Our  discussion  will  concentrate  on  synthetic 
strategies  and  properties  of  the  new  layered 
nanocomposites. 

01.5 

NYLON  6-CLAY  HYBRID.  Akane  Okada,  Masaya 
Kawasumi,  Toshio  Kurauchi  and  Osami  Kamigaito, 
Toyota  Central  Research  and  Development 
Laboratories,  Inc.  ,  Nagakute,  Aichi,  Japan 

Nylon  6  (polycaploractam)  has  good  properties  and 
is  a  commonly  used  engineering  polymer.  It  has 
been  successfully  reinforced  by  glass  fiber  or 
other  inorganic  materials.  In  these  composites, 
polymer  and  additives  are  not  homogeneously 
dispersed  with  each  other  under  microscopic 
observation.  If  dispersion  of  polymer  and 
additives  could  be  achieved  "in  the  dimension  of 
molecules",  the  mechanical  properties  would  be 
expected  to  be  further  improved  and/or  new 
unexpected  features  might  appear  from  it.  Clay  is 
a  potential  candidate  of  the  additive  since  it  is 
composed  of  sheet  silicates,  10  A  thick,  and 
undergoes  intercalation  with  organic  molecules. 

e -Caprolactam  was  polymerized  in  the  presence  of 
montmori 1  Ionite,  a  clay,  giving  a  nylon  6-clay 
hybrid  (NCH).  X-ray  and  TEM  measurement  revealed 
that  each  10  A  layer  dispersed  in  the  nylon  6 
matrix  and  that  interlayer  distance  increased  up 
to  214  A  from  12  A  of  the  clay  mineral.  Thus  NCH 
has  been  proved  a  "polymer  based  molecular 
composite  "  or  "nanometer  composite".  NCH  could 
be  injection-moldeded  and  showed  excellent 
properties  compared  with  nylon  6  such  as  tensile 
strength,  modulus  and  heat  resistance.  Heat 
distortion  temperature  was  heighten  from  65  T  of 
nylon  6  to  145  X  of  NCH  which  contains  only  4  wtK 
(1.  6  volN)  of  clay. 

Synthesis,  structure  and  mechanism  of  improvement 
of  properties  of  NCH  will  be  discussed. 

01.6 

REINFORCEMENT  OF  ELASTOMERS  BY  THE  IN-SITU 
PRECIPITATION  OF  FILLER  PARTICLES.  James  E.  Mark, 
University  of  Cincinnati,  Department  of  Chemistry,  Cincinnati. 
OH  45221-0172;  and  Dale  W.  Schaefer,  Division  1810,  P.O. 
Box  5800,  Sandia  National  Laboratories,  Albuquerque,  NM 
87185. 

The  goal  of  primary  interest  in  these  investigations  was  the 
development  of  novel  methods  for  filling  elastomeric  networks. 
The  techniques  developed  employ  the  in-sltu  precipitation  of 
reinforcing  fillers  such  as  silica  or  a  glassy  polymer  such  as 
polystyrene  either  after,  during,  or  before  network  formation. 
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The  reaction  involves  decomposition  of  organometallic 
compounds,  using  a  variety  of  catalysts  and  precipitation 
conditions,  or  free-radical  polymerization  of  a  suitable 
monomer.  The  effectiveness  of  the  technique  is  gauged  by 
stress-strain  measurements  carried  out  to  yield  values  of  the 
maximum  extensibility,  ultimate  strength,  and  energy  of 
rupture  of  the  filled  networks.  Information  on  the  filler  particles 
thus  introduced  is  obtained  from  density  determinations, 
scattering  measurements,  and  electron  microscopy. 

01.7 

STRUCTURE-PROPERTY  RELATIONSHIPS  IN  SILOXANE 
MOLECULAR  COMPOSITES.  D  W.  Schaefer  and  J.  E.  Mark,  Sandia 
National  Laboratories,  Albuquerque,  NM  87185;  and  L.  Jian,  C  -C.  Sun, 

D  McCarthy,  C  -Y.  Jiang,  and  Y.-P.  Ning,  Department  of  Chemistry 
and  the  Polymer  Research  Center,  University  of  Cincinnati,  Cincinnati, 
OH  45221 

Small  angle  x-ray  and  neutron  scattering  techniques  are  used  to  study 
the  structure  of  molecular  composites  composed  of  silica  and 
polydimethylsiloxane.  A  variety  of  synthesis  techniques  are  used  for  the 
precipitation  of  the  hard  silica  phase.  If  the  pre-existing  siloxane 
network  is  swollen  with  tetraethylorthosilicate  which  is  subsequently 
polymerized  under  basic  conditions,  the  small  angle  scattering  data  is 
consistent  with  the  existence  of  uniformly  dense  smooth  surface 
particulate  fillers  consistent  with  previous  electron  microscopy  data. 

We  tried  several  strategies  in  an  attempt  the  produce  ramified  polymeric 
fillers.  Polymerization  at  lower  pH  indeed  gave  dispersed  fillers,  but 
only  at  concentrations  below  that  needed  for  effective  reinforcement. 

At  high  filler  concentrations  we  always  found  uniformly  dense  smooth 
surfaced  fillers  under  solution  polymerization  conditions. 

Two  new  classes  of  fillers  prepared  by  polymerization  under  different 
conditions  were  discovered.  The  reaction  of  the  swollen  networks  with 
ammonia  vapor  produced  a  bicontinuous  network  of  silica  and  siloxane. 

In  this  case  the  continuous  silica  phase  resulted  in  embrittled  material. 

The  most  promising  reinforced  elastomers  reproduced  by  two-stage 
polymerization.  In  this  case  we  find  spinodal-like  bicontinuous 
networks  at  large  scales  whereas  at  shorter  length  scales  the  fillers  are 
dispersed,  more  like  an  interpenetrating  network.  In  this  case  the 
mechanical  properties  are  very  desirable  for  reinforced  elastomers, 
showing  enhanced  modulus  with  little  loss  of  extensibility. 

01.8 

NMR  IMAGING  OF  SILICA-SILICONE  COMPOSITES.  Leontis 
r.arrido  and  Jerome  L.  Ackerman,  MGH  NMR  Center,  Department 
of  Radiology,  Massachusetts  General  Hospital,  13<A  St.,  Bldg  149, 
Charlestown,  MA  02129;  James  E.  Mark,  Department  of  Chemistry, 
University  of  Cincinnati,  Cincinnati,  OH  45221. 

The  design  of  materials  having  optimal  properties  for  a  given  ap¬ 
plication  requires  knowledge  on  how  the  properties  of  interest  depend 
upon  their  chemistry  and  structure  at  molecular  level.  NMR  is  very 
sensitive  to  both,  the  chemical  composition  and  structure  of  a  sub¬ 
stance,  and  this  is  reflected  in  the  chemical -shift  spectrum  as  well  as 
in  the  NMR  relaxation  parameters.  Thus  NMR  imaging  techniques 
offer  the  possibility  of  selectively  map  the  distribution  of  a  particular 
chemical  species  in  a  region  of  interest.  Moreover,  NMR  imaging  can 
also  provide  spatial  information  about  changes  in  NMR  properties 
that  can  be  correlated  with  alterations  in  molecular  structure. 

This  talk  will  introduce  briefly  the  solid-state  NMR  imaging  tech¬ 
niques  and  discuss  their  application  to  study  silica-silicone  composites. 
These  materials  are  prepared  using  polydimethylsiloxane  (PDMS) 
model  networks  reinforced  by  in  sita  precipitated  silica  (SiO,).  'H 
NMR  images  of  the  composites  are  obtained  in  which  the  contrast 
(differences  in  NMR  signal  intensity  between  different  regions)  is  a 
function  of  proton  density,  spin-lattice  (Ti)  and  spin-spin  (Ti)  relax¬ 
ation  times.  These  T,  and  T,  maps  represent  a  measure  of  molecular 


mobility  and  they  might  be  related  to  polymer-filler  interactions  and 
their  distribution. 

01.9 

SYNTHETIC  POLYMERS  IN  UATER-IN-OIL  MICROEMULSIONS. 
Fran90i.se  Candau,  (CRM-EAHP)CNRS-ULP ,  6  rue  Boussingault , 
67083  Strasbourg  C^dex,  France. 

High  molecular  weight  water-soluble  polymers  are  usually 
supplied  in  the  form  of  water- in-oil  emulsions  which  have 
advantages  of  low  viscosity  and  easy  storage  and 
dissolution.  Most  uses  in  water  treatment,  flocculation, 
paper  manufacture  or  mining  fields  require  polymer  latexes 
formed  of  finely  dispersed  particles.  Polymerization  in 
reverse  micelles  or  microemulsions  appears  to  be  a 
promising  technique,  owing  to  the  stability  of  the  polymer 
latexes  thus  formed,  as  well  as  the  high  molecular  weight 
and  water  solubility  of  the  polymers  themselves. 

In  this  presentation,  we  discuss  some  aspects  of  the 
inverse  microemulsion  polymerization  process,  which  can  be 
directly  correlated  to  the  structural  characteristics  of 
the  final  latexes.  An  analysis  is  made  on  the  role  of 
monomer  on  the  interfacial  properties  of  the  swollen 
micellar  systems.  These  properties  govern  the  stability  of 
the  latexes,  a  key  parameter  for  industrial  applications. 

01.10 

POLYMER  BASED  Si^N^/BN  COMPOSITES.  Wayde  R.  Schmidt, 

Vijay  Sukumar,  William  J.  Hurley,  Jr.,  Robert  H.  Doremus, 
and  Leonard  V.  Interrante,  Departments  of  Materials  Engi¬ 
neering  and  Chemistry,  Rensselaer  Polytechnic  Institute, 
Troy,  NY  12180-3590 

Partially  crystalline  silicon  nitride,  with  a  specific 
surface  area  greater  than  200  ra^/g,  is  obtained  by  the 
pyrolysis  of  an  organometallic,  polymeric  precursor  under 
NH3  to  1000°C.  Additional  heating  to  1400°C  under  N2 
produces  o -Si^.  The  addition  of  up  to  157.  boron 
nitride  was  found  to  affect  the  coarsening  characteris¬ 
tics  of  amorphous  silicon  nitride  by  promoting  surface 
area  reduction  and  suppressing  crystallinity.  These 
results  will  be  discussed  as  well  as  recent  progress 
towards  the  preparation  of  BN  molecular  precursors  and 
resulting  Si^N^BN  composites  obtained  by  combining 
the  precursor  systems. 

02 . 1 

STABILIZED  NANOPARTICLES  OBTAINED  FROM  SYNTHETIC  POLYMERI¬ 
ZABLE  MICELLES  AND  VESICLES.  Constant irios _M .  Psleos,  NRC 
"Demokritos" ,  Aghia  Paraskevi,  1S31C,  Attiki,  Greece. 

Nanoparticles  of  3-100nm  in  diameter  can  be  formed  by  the 
polymerization  of  polymerizable  micelles  or  vesicles. 

Micellar  polymerization  was  achieved  either  by  solubilization 
of  an  appropriate  monomer  within  a  micelle,  formed  from 
conventional  surfactants,  or  by  polymerization  of  a  polyme¬ 
rizable  surfactant  forming  itself  micelles.  Depending  on 
the  position  of  the  polymerizable  group,  at  the  head  or  at 
the  tail,  two  types  of  polymerized  micelles  result  i.e. 
with  the  backbone  at  the  Stern  region  and  those  with  the 
main  chain  at  the  lipophilic  core. 

Synthetic  vesicles  are  more  stable  than  micelles.  In  addi¬ 
tion,  the  dependence  of  their  structure  and  size  on  the  mo¬ 
de  of  their  formation  allows  greater  flexibility  than  mi¬ 
celles.  Topochemical  addition  and  condensation  polymeriza¬ 
tion  was  employed  for  their  further  stabilization.  The  bin¬ 
ding  of  the  surfactants  may  occur  at  various  sites  i.e.  in 
one  or  both  of  the  layers,  and  specifically  at  the  surfac¬ 
tant  head,  in  the  middle  or  at  the  end  of  the  lipophilic 
chains.  Stabilized  vesicles  were  also  obtained  from  prefor¬ 
med  polymers  or  ionenes  and  finally  stabilization  of  conven¬ 
tional  vesicles  was  also  accomplished  by  appropriate  coa¬ 
ting  of  their  surfaces. 
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rUMTE  rOAMS.  Slice  M.  Nvitrav  and  Joel  M.  Williams,  Los  Alamos 
Nauonni  Laboratory.  Lo*  Alamos,  NM;  and  Davtd  Onn,  Universttv  of 
Delaware,  Newark,  DE. 


piperazine  units  and  oxytetramethyleneoxv  chain  extender  unit) 
occurs,  which  crystallize  without  chain  folding.  The  lammellar 
thickness  is  directly  proportional  to  the  molecular  length.  However, 
by  incorporating  a  more  flexible  unit  in  the  relatively  stiff  hard 
segment,  chain  ences  the  superstructure  and  consequently  the 
materia]  properties,  too.  The  structure-properties  relationships  of 
these  model  systems  and  the  potential  of  tailoring  the  primary 
structure  for  creating  new  superstructures  will  be  illustrated  with 
particular  examples  and  discussed. 


Recently  we  have  reported  on  a  new  method  of  preparing  microcellu- 
ar  composite  foams.  In  this  procedure  an  open-celled  polvstvrene 
oam  is  prepared  by  the  polymerization  of  a  high  internal  phase 
water-in-oil)  emulsion  containing  styrene.  Jivmylbenzene.  surfactant 
•ree-radical  initiator  and  water.  After  drying,  the  cells  of  the 
polystyrene  foam  are  then  filled  with  other  materials  such  as  aerogel  or 
resoles.  The  phvsical  properties  of  these  materials  e.g.,  surface  "area, 
.ensity,  thermal  conductivity,  and  compressive  strength  will  be 
presented. 


02.5 

SYNTHESIS  and  emulsification  effects  of  ISOTACT’C 
POLYSTYRENE/ POLYBUTADIENE  D I BLOCK  COPOLYMERS. 

Luigi _ Laiaamas.  Ma-ssacr.usetts  institute  of 

Technology,  Cambridge  MA,  and  Robert  E.  Cohen, 
Massacr.useats  Institute  -i  Technology,  Cambridge. 
MA. 


02.3 

BLOCK  AND  STATISTICAL  COPOLYMERS  OF 
DIPI IENYLSILOXANE  AND  DIMETHYLS1L0XANE. 

D.  J.  Meier.  Michigan  Molecular  Insiirute.  Midland.  Michigan  4X640. 

Copolymers  of  diphenylsiloxane  and  dunethylsiloxane  are  of  interest  since 
they  combine  two  siloxane  components  having  very  different  properties. 
The  polvdiphenysiloxane  chain  is  inflexible,  and  the  polymer  fP)  is  a 
crystalline  solid  with  a  liquid  crystalline  or  condis  crystalline  state  below 
the  very  high  melting  (clearing]  temperature.  In  contrast,  the  polvdimethvl- 
siloxane  chain  is  highly  flexible  and  the  polymer  A|i  is  a  rubber  solid 
with  a  low  melting  temperature  and  a  very  low  glass  Tansition  temperature. 
We  have  prepared  a  wide  varcty  of  block  and  statistical  copolvmers  of 
these  components,  using  anionic  polymerization  techniques  a  .ontrol 
molecular  composition  .,nd  molecular  .it  lutecium. 

The  physical  properties  .of  .lie  enrol- mers  <ar-  ’•  .-.atieal'y  with 
composition  and  .trchiiecturr.  .T.atir.ixal  or  <•'<■  a-  ecpnl— tiers  w-th 
dimethylsiloxane  as  the  major  -omponem  are  •■••cuas  'iquius  *'VJW<)C>  . 
In  contrast,  the  diblock  cobolmer  with  the  tame  overall 

composition  and  molecular  weight  are  mease  ’ike.  vhile  the  ribiock 
copolymers  (P-M-P)  arc  tough  elastomers.  The  dock  copolvmers  are 
molecular  composites,  in  which  the  polydiphenvlsiloxane  tomponem 
separates  into  crystalline  micropharcs  having  a  -"try  uniform  clindrcal  or 
a  lamellar  morphology.  The  rods  and  lamellae  have  thicknesses  comparable 
to  the  length  of  the  nolvdiphen  ,'lsiloxane  block,  ,.e,  tvpicailv  of  the  order 
of  100  A.  ‘  ‘ 

Statistical  copolymers  of  dimethylsiloxane  and  diphenylsiloxane  with  the 
latter  as  the  major  component  are  transparent  solids  at  diphenylsiloxane 
concentrations  below  about  80%w.  Such  materials  are  of  interest  in  use  as 
radiation-resistant  optical  fibers*1),  in  which  the  diphenylsiloxane 
component  is  present  in  as  high  a  concentration  as  possible  to  provide  the 
radiation  resistance,  but  with  sufficient  dimethylsiloxane  in  the  copolymer 
o  prevent  crystallization  of  polydiphenvlsiloxane  and  concomitant  opacity. 

1 1  i  J.  Walker  and  J.  Harmon,  personal  communication. 

02.4 

MULTIPHASE  POLYMER  SYSTEMS  WITH  CONTROLLED 
PHASE  STRUCTURES.  Claus  D.  Eisenbach,  University  of 
Bayreuth.  P.O.B.  101251,  D-8580  Bayreuth,  FRG. 


in  view  of  polymen  as  advanced  materials  it  is  a  challanging  task  to 
min-k  the  elegant  schemes  of  biological  systems  in  self-organization 
phenomena,  which  ultimately  lead  to  highly  sophisticated  tertiary 
structures  with  specific  functions.  The  question  is,  if  and  to  whicn 
extent  these  pattern  can  be  transferred  to  the  synthesis  and  design 
if  new  polymers  with  molecular  control  of  the  superstructure  and 
with  special  and  unique  properties. 

Our  approach  is  the  synthesis  of  segmented  block  copolymen  with 
segments  of  uniform  length  and  special  molecular  architecture.  For 
polyethemrethane  elastomers  with  regular  primary  structure  it 
could  be  shown  that  a  factionated  segregation  of  hard  segments 
i4.4,-diphenylmethanebis(iminocarbonyT)  or  l,4-bis(atrbonyl)- 


A  novel  anionic  syr.tr.e:;  technique  for  the 
stereospecific  polymerization  of  styrene  was  used 
to  prepared  a  set  of  well  characterized  isotactic 
polys tyrene /pol ybut adiene  (i?S/PB)  dibiock 
copolymers.  The  microphase  separated  morphologies 
of  these  dibiocks  were  also  studied  with 
transmission  electron  microscopy  of  ultramicrotomed 
sections  of  molded  and  static  cast  films.  Various 
thermal  histories  were  imposed  on  the  samples  to 
study  the  effect  of  the  cryst allizable  iPS  on  the 
microdomain  structure.  The  blending  of  these 
copolymers  with  the  respective  homopolymers  to  form 
i  crystal  iizable  poly  styrene. 'amorphous 
i  c  I  y  b  u  _  a  d  i  a  r.  e  system  .  s  currently  being 
.r.vest icated .  I.nitia.  experiments  show  that  these 
ternary  blends  exhibit  a  weli  ordered  morphology 
which  is  attributed  to  the  emulsifying  effect  of  the 
iPS/PB  diblock  copolymers. 

02.6 

THE  EFFECT  OF  PLANAR  SURFACE  CONSTRAINTS  ON  THE  MICROPHASE 
SEPARATION  OF  STAR-DIBLOCK  COPOLYMERS.  DwinhtW  Srhwaik  and 
Edwin  L  Thomas,  Dept,  of  Mat.  Sci.  &  Eng.,  MIT.  Cambridge.  MA;  Chris 
S.  Henkee,  Dow  Chemical  Company,  Midland.  Ml;  Lewis  J.  Fetters,  Exxo  . 
Research  &  Engineering  Company,  Annandale,  NJ. 

According  to  the  strong  segregation  limit  theories  for  linear  diblock 
copolymers,  the  equilibrium  bulk  microdomain  morphology  is  determined 
by  the  volume  fraction  of  the  components  present.  For  star-diblock 
copolymers,  in  which  the  arms  are  composed  of  linear  diblock  chains,  the 
equilibrium  morphology  is  also  dependent  upon  the  composition.  However, 
the  microdomain  morphology  depends  strongly  on  the  number  of  arms. 
Increasing  the  arm  number  from  5  to  6.  with  the  same  overall  sample 
composition,  induces  a  morphological  transition  from  hexagonally  packed 
cylindrical  microdomains  to  the  ordered-bieontinuous  double  diamond 
(OBDD)  structure. 

In  this  series  of  experiments,  the  effect  of  planar  surface  constraints  on 
the  microphase  separation  was  investigated.  Transmission  electron 
microscopy  (TEM)  was  employed  to  examine  the  effect  of  both  a  single 
planar  surface  as  well  as  two  planar  surfaces  in  dose  proximity,  i.e.  a 
thin  film.  In  the  thin  film  studies,  the  samples  are  asymmetric  since  the 
polymer/air  surface  and  the  polymer/substrate  interface  are  different. 

Similarities  between  linear  and  star-diblock  copolymers  in  terms  of  the 
ordering  of  the  micodomain  morphologies  at  the  surface  and  the  presence 
of  a  surface  layer  of  the  lower  surface  tension  component  for  both  thick 
and  thin  spedmens  will  be  discussed.  We  also  comment  on  the  inhibition 


523 


of  the  OBOO  structure  as  one  approaches  the  surface  of  thick  specimens  or 
as  the  thickness  of  the  thin  film  decreases.  A  comparison  of  the 
morphology  of  the  thinnest  regions  in  linear  and  star-diblocks  will  also 
be  given.  Important  variables  to  consider  are  the  location  of  the  lower 
surface  tension  block  (whether  it  is  the  inner  or  outer  part  of  the  arm), 
the  overall  sample  composition,  and  the  number  of  arms  in  the  star. 

02.7 

PATH  DEPENDENT  MORPHOLOGIES  OF  A  DIBLOCK 
COPOLYMER  OF  P  0  L  Y  S  T  Y  R  E  N  E  /  H  Y  D  R  0  G  E  N  A  T  E  D 
POLYBUTADI ENP  Konstadlnos  Douzlnas.:  Charles 
V.  Barney,;  and  Robert  E.  Cohen,  Chen.  Eng. 
Dept.  H.I.T.,  Cambridge,  MA . 

A  s e n  i  -  c  r  y  s t a  1 1 i n e  diblock  copolyaer  of 
Polystyrene/Hydrogenated  Polybutadiene  (SEB)  was 
prepared  by  catalytic  hydrogenation  of  a 
precursor,  anionically  polymerized, 
Polystyrene/Polybutadiene  (SB)  diblock 
copolymer . 

Samples  were  cast  from  solution  at  temperatures 
below  and  above  the  melting  point  of  the  EB 
block.  Changes  in  the  microphase  morphology  were 
observed  by  TEM  and  SAXS .  Annealing  of  the  bulk 
copolymer  also  affected  the  observed  morphology. 
The  morphological  changes  are  caused  by 
competing  mechanisms  of  crystallization  versus 
phase  separation.  A  qualitative  phase  diagram  of 
the  SEB/Solvent  system  is  presented  to  put  our 
observations  in  perspective. 

02.8 

DYNAMIC  IR  ST  DIES  OF  MICRODOMAIN  INTERPHASES  OF 
ISOTOPICALLY  LABELED  BLOCK  COPOLYMERS.  I.  Noda. 
S.  D.  Smith,  and  C.  Marcott,  The  Procter  & 
Gamble  Company,  Cincinnati,  OH. 

Tht  transition  region  between  microphase  domains 
of  block  polymers,  known  as  the  interphase,  is 
believed  to  play  an  important  role  in  the  devel¬ 
opment  of  unique  properties  of  such  copolymers. 
We  used  the  combination  of  dynamic  IR  dichroism 
(DIRLD)  spectroscopy  and  site-specific  isotopic 
labeling  of  polymer  chains  to  elucidate  the  de¬ 
gree  of  segmental  interactions  in  the  interphase 
region  of  styrene-isoprene  diblock  copolymers. 

DIRLD  spectroscopy  measures  the  dynamic  reorien¬ 
tations  of  submolecular  constituents  of  a  system 
which  is  perturbed  by  a  small-amplitude  strain. 
The  technique  is  especially  suited  for  probing 
the  submolecular-level  interactions  of  copolymer 
segments.  Isotopic  labeling  using  deuterium- 
substituted  monomers  enable  us  to  differentiate 
the  dynamic  responses  of  well-defined  parts  of 
block  segments,  e.g.,  near  the  segment  junction, 
chain  end,  or  middle  of  the  block. 

The  dynamic  reorientations  of  isotopically  label¬ 
ed  block  copolymers  were  studied  as  functions  of 
molecular  weight,  junction  structure,  and  temper¬ 
ature.  The  reorientational  motion  of  the  poly¬ 
styrene  segment,  especially  near  the  block  junc¬ 
tion,  was  monitored  around  the  glass  transition 
temperature  of  the  polyisoprene  matrix.  The  de¬ 
gree  of  segmental  mixing  in  the  interphase  re¬ 
gion,  which  leads  to  the  local  plasticization  of 
polystyrene  by  polyisoprene,  was  determined. 

02.9 

-  ',2  DIFFUSION  IN  A  POLYSTYRENE/POLYBUTADIENE  BLOCK 
.'OF  ..LYKER  WITH  ORxENTED  LAMELLAR  DOMAINS.  Days 
Rfin.  Massachusetts  Institute  of  Technology, 
Cambridge,  MA;  Robert  E.  Cohen,  Massachusetts 


Institute  of  Technology,  Cambridge,  MA;  and  R.F. 
Baddour,  Massachusetts  Institute  of  Technology, 
Cambridge,  MA. 

The  solubility  and  diffusion  coefficients  of  C02  in 
a  polystyrene/polybutadiene  (SB)  block  copolymer 
were  measured  in  a  pressure  decay  sorption 
apparatus.  The  morphology  of  the  block  copolymer 
films  consisted  of  alternating  S  and  B  lamellae  of 
approximately  100  A  thickness  with  excellent  long 
range  orientation  perpendicular  to  the  surface  of 
the  films.  Diffusion  behavior  in  the  copolymer  was 
simulated  using  homopolybutadiene  and 
homopolystyrene  data  along  with  a  finite  difference 
model  based  on  the  well-ordered  morphology.  The 
comparison  between  measured  and  simulated 
diffusion  coefficient  values  indicated  that  chain 
motions  in  the  polybutadiene  region  of  the  block 
copolymer  are  restricted  relative  to  those  of 
homopolybutadiene  owing  to  the  connection  with  the 
polystyrene  block. 

02.10 

MORPHOLOGICAL  CONTROL  OF  BLOCK  COPOLYMERS  FOR 
LOW  GAS  PERMEABILITY  APPLICATIONS.  Jeffrey  Csemica. 

Robert  E.  Cohen,  Raymond  F.  Baddour,  Massachusetts  Institute  of 
Technology,  Cambridge,  Massachusetts. 

In  many  polymer  applications  where  control  of  gas  transport  is 
required,  it  may  be  desirable  to  utilize  heterogeneous  polymer  blends  or 
block  copolymers  in  which  one  component  provides  the  necessary 
permeation  characteristics,  while  the  other  improves  material  properties 
such  as  modulus  or  impact  strength.  If  the  application  requires  that  a 
low  permeability  component  provide  transport  qualities  to  the  material 
(which  will  probably  be  the  case  in  packaging  and  gas  separations 
applications),  the  arrangement  of  the  individual  components  will  be 
critical,  and  must  be  one  in  which  a  diffusing  species  cannot  circumvent 
the  low  permeability  domains  via  high  conductivity  pathways. 

Gas  permeability  coefficients  were  measured  for  several  gases  in  two 
polystyrene-polybutadiene  block  copolymer  systems.  One  exhibits  a 
morphology  of  polybutadiene  spheres  (about  100  nm  in  diameter)  in  a 
polystyrene  matrix;  the  second  contains  alternating  lamellae  (ca.  10  nm 
thick)  which  have  been  oriented  perpendicular  to  the  permeation 
direction  by  a  thermomechanical  processing  technique.  The  measured 
permeabilities  of  these  two  materials  are  dominated  by  the  transport 
behavior  of  the  low  permeability  polystyrene  component  Models  are 
presented  to  describe  transport  in  these  microphase  separated  systems 
and  to  facilitate  comparisons  with  the  transport  behavior  of  other  two 
component  polymer  systems. 

03.1 

LIGHT  SCATTERING  STUDIES  OF  THE  STATE  OF 
DISPERSION  IN  MOLECULAR  COMPOSITES.  Richard  S 
Stein  and  Sylvia  Cohen  Addad,  Polymer  Research 
Institute,  University  of  Massachusetts,  Amherst,  MA,  Ben 
Hsaio,  E.  I.  DuPont  de  Nemours  Co,  Inc.,  Wilmington  DE 
19898,  and  Russell  Gaudiana,  Polaroid  Corporation, 
Cambridge,  MA 

Solutions  of  blends  are  prepared  of  stiff-chain  polyesters 
and  polyamides  with  flexible  matrices  by  solvent  casting. 
These  are  examined  using  the  small-angle  light  scattering 
technique  emplolying  a  photometric  apparatus.  Results 
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are  analyzed  using  the  Stein-Wilson  extension  of  the 
Debye-Bueche  theory  in  which  the  correlation  functions 
for  density  and  orientation  fluctuations,  l(r)  and  f(r),  and 
mean-squared  fluctuations  of  the  two  average  refractive 

index  and  its  anisotropy,  <q2>  and  <S2>,  respectively, 
are  obtained.  For  a  molecular  dispersion,  the  correlation 
distances  will  be  small  and  the  anisotropy  will  be  that  of 
a  single  stiff  molecule.  Aggregation  of  rods  is  associated 
with  an  increase  in  the  magnitude  and  size  of  the  density 
fluctuations  and  a  change  in  anisotropy  fluctuations 
which  depends  upon  the  degree  of  correlation  of 
orientation  of  the  rods  in  the  aggregate.  Results  thus  far 
demonstrate  that  aggregates  are  present  in  all  of  the 
rod/coil  composites  prepared. 

03.2 

RECENT  ADVANCES  IN  THE  MORPHOLOGY  AND  MECHANICAL  PROPERTIES 
OF  RIGID-ROD  MOLECULAR  COMPOSITES.  Stephen  L  Krause.  Department  ol 
Chemical.  Bio.  and  Materials  Engineering.  Arizona  Slate  University,  Tempe  AZ,  85287; 
and  Wen-Fang  Hwang,  Central  Research  -  Advanced  Polymeric  Systems,  Dow  Chemical 
Company,  Midland  MI.  48674 

The  concept  of  a  self-reinforcing  molecular  composite  of  rigid-rod  and  flexible-coil 
polymer  components  was  First  proposed  by  Helminiak  et  al.  (1)  and  fabricated  by  Hwang 
et  al.  (2)  in  the  blend  system  of  rigid-rod  poly-p-pheny!ene  benzobisthiazole  (PBT)  and 
semi-flexible  coil  poly-2.S(6)  benzimidazole  (ABPBI).  After  synthesis,  the  key  to 
producing  a  rigid-rod  molecular  composite  is  to  control  morphology  to  disperse  the 
reinforcing  rod  molecules  as  finely  as  possible  in  the  matrix  polymer  such  that  they  have 
a  high  ratio  of  length  to  width  (aspect  ratio)  for  efficient  reinforcement.  The  rod 
component  must  not  phase  separate  during  processing.  Morphological  characterization 
techniques,  which  can  measure  the  orientation  and  dispersion  (or,  conversely,  the  degree  of 
phase  separation),  provide  the  tools  for  correlating  theoretically  predicted  and  measured 
mechanical  properties.  Application  of  new  techniques  for  rigid-rod  molecular  composites 
will  be  discussed,  including  high  resolution  secondary  and  backscattered  scanning  electron 
microscopy  and  also  Raman  scattering  for  micromechanical  characterization. 

The  modulus  of  the  earliest  rigid-rod  molecular  composite  systems  of  the  physical  blend 
and  the  triblock  copolymer  of  PBT/ABPB1  were  1/2  to  3/4  of  the  theoretical  value 
predicted  by  the  "rule  of  mixtures'  for  the  30  PBT/70  ABPBI  blend  (120GPa)  and  the 
triblock  copolymer  (100  GPa).  Although  these  systems  formed  molecular  composites, 
they  did  not  have  a  glass  transition  temperature  below  the  degradation  tempera  true  and 
could  not  be  consolidated  by  thermal  processing  techniques.  More  recently,  other  systems 
which  could  potentially  consolidate  more  easily,  such  as  thermoplastic,  thermoset,  and 
in-siui  rigid-rod  molecular  composite  systems  have  been  synthesized  and  explored,  but  the 
properties  achieved  have  not  yet  approached  those  of  the  earlier  aromatic  heterocyclic 
systems.  Limitations  and  possible  improvements  to  such  systems  will  be  discussed. 

1.  T.  E.  Helminiak,  F £.  Arnold,  and  C.L.  Benner,  and  G.E.  Husman.  Am.  Chem.  Soc. 
Preprints,  16. 650  (1975). 

2.  W.-F.  Hwang,  D.  Wiff,  CX.  Benner,  and  T.E.  Helminiak,  1.  Macromol.  Sci.  Phys., 
B22.231  (1983). 

03.3 

RHEOLOGY  OP  BLENDS  OF  A  BODLIKE  POLYMER  (PBO)  AND 
ITS  FLBXIBLB  CHAIN  ANALOG,  V.  S.  SuUWmn  and  G.  C. 
Barry,  Carnegie  Mellon  University,  Pittsburgh,  PA  15213 

Rheological  proportion  of  isotropic  aoluliona  of 
rodlike  poly(l,4-phenyi«ne-2,6-benzobiathiazole),  PBO, 
coil-like  poly(2,5-beneojta*ole),  ABPBO,  and  their  miacible 
blend*  in  solution  will  be  described.  Measurements 
include  steady-state  properties  (the  viscosity  and 
recoverable  compliance  aa  functions  of  shear  rate), 
transient  properties  (the  recoverable  compliance),  and 
dynamic  mechanical  properties  (the  loss  and  storage 
compliances  as  functions  of  frequency).  The  distribution 
of  retardation  times  deduced  from  the  linear  transient 
recoverable  compliance  is  used  together  with  a 
single-integral  BKZ-type  constitutive  aquation  to  estimate 
the  nonlinear  dependence  on  the  shear  rata,  with 
reasonable  success.  The  distribution  of  retardation  times 
of  the  blends  is  broader  than  that  for  the  rodlike  chain, 
and  tends  to  occur  at  longer  times,  reflecting  a  viscosity 
enhancement  that  occurs  with  the  blende. 


The  linear  (Newtonian)  viscoeity  of  eolutione  of  the 
PBO  polymer  ueed  are  larger  than  those  of  the  ABPBO 
polymer  the  same  polymer  concentrations.  Nevertheless, 
the  linear  viscosity  of  blende  of  PBO  and  ABPBO  tends  to 
be  nearly  equal  to  a  solution  of  PBO  of  the  same  total 
polymer  concentration  as  the  blend.  This  behavior  will  be 
discussed  in  terms  of  a  model  introduced  in  previous 
studies  on  miacible  blende  of  rodlike  and  flexible  chain 
polymers  in  solution.  In  this  model,  the  rotational 
diffusion  of  the  rodlike  chain  is  severely  constrained  by 
the  flexible  chain  polymer  provided  the  reptational  time 
constant  for  the  latter  is  longer  than  the  constraint 
release  time  for  the  rodlike  component. 

This  work  supported  in  part  by  a  DARPA  contract. 

03.4 

PBZT  MOLECULAR  COMPOSITES  VITH  ADVANCED  THERMOPLASTIC 
MATRICES.  U.  Michael  Sanford  and  Gerard  M.  Prilutski, 

E.  I.  Du  Pont  de  Nemours  and  Co.,  Experimental  Station, 

P.0.  Box  80302,  Vilmington,  DE  19880-0302 

Thermoplastic  molecular  composites  offer  the  potential  for 
better  economics  and  improvements  in  composite  processing, 
and  possibly  performance,  over  conventional  "string  and 
glue"  composites.  The  early  development  of  molecular  com¬ 
posite  technology  focused  on  polyamide  matrix  polymers; 
however,  for  many  aerospace  applica-  tions  higher  use 
temperatures  and  greater  solvent  resistance  than  that  of 
polyamide  matrices  vill  be  required.  This  paper  describes 
work  performed  under  contract  to  the  U.S.  Air  Force  to 
develop  PBZT/ thermoplastic  molecular  composites  vith  high 
performance  matrix  resins  into  a  viable  technology. 

A  scaleable  process  has  been  defined  based  on  a  novel 
mixed  solvent/quaternary  solution  technology  developed  by 
Du  Pont.  Advantages  of  this  process  include  better  eco¬ 
nomics,  superior  processing  performance,  and  improved  MC 
fiber  tensile  properties  versus  prior  art.  Using  this 
process  ve  have  obtained  rule  of  mixtures  properties  in 
molecular  composite  fibers  vith  matrix  polymers  offering 
use  temperatures  from  330  to  600°F.  Consolidation  of 
PBZT/PEKK  fibrous  preforms  into  uniaxial  panels  up  to  10" 
x  15"  has  been  demonstrated  and  material  property  evalu¬ 
ation  and  data  base  development  are  in  progress.  Uniaxial 
property  levels  achieved  to  date  for  all  systems  compare 
favorably  vith  conventional  "string  and  glue"  PBZT/epoxy 
composites  although  compressive  and  shear  performance  may 
be  limiting  factors  in  MC  applications. 

03.5 

PBZT-BASED  THERMOPLASTIC  MOLECULAR  COMFOSTTIS  DEVELOPMENT | 
POLYAMIDE  MATRIX  SYSTEM.  Vi 111am  C.  Vf  and  I.  Renee 
Perusich,  E.I.  Du  Pont  de  Msmours  t  Co.,  Inc.  Vilmington, 
0E. 

Molecular  composites  (MC)  mrs  dispersions  of  rigid  rod 
polymer  molecules  in  t  mstrlx  of  flexible  coll  polymers, 
formed  by  the  coagulation  of  a  solution  containing  thmaa 
coaponsnts.  Thermoplastic  molecular  eompoaltaa  offar  the 
potential  for  bitter  economics  and  improvements  im 
composite  proceeelng,  and  possibly  performance,  over 
conventional  "string  snd  glut"  composites.  This  paper 
describes  vork  performed  under  contract  to  tha  U.S.  Air 
Force  to  develop  PBZT/ thermoplastic  molecular  eompoaltaa 
into  s  viable  technology. 

A  commercially  viable  MC  spinning  process  has  bean  defined 
based  on  a  novel  alxad  solvant /qua ternary  solution 
technology  developed  by  Du  Pont.  Advantages  of  thla 
process  include  better  economics,  superior  processing 
performance,  snd  Improved  MC  fiber  tensile  properties 
versus  prior  art.  PMT/poiyamlde  MC  fibers  vith 
tcnacl  ty/aodulus  of  332  ksl/29  Msl  have  been  produced 
using  this  process.  Adhesion  equivalent  to  that  obtained 
in  conventional  composites  has  been  demonstrated. 
Uniaxial  properties  achieved  to  date  compare  favorably 
vith  conventional  "string  and  glue"  PBZT/epoxy  composite* 
although  coepreeelv*  and  shear  performance  may  be  limiting 
(actors  In  MC  applications. 
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0J.6 

MORPHOLOGY  and  POR.VLA  HON  OF  FIBS.J-i-.-vR  iTRUCTLR-  >•' 
?BO  FI3ER.  C.C.  Chau,  j.H.  Siackson.  ILF.  and  '-V.-F. 

H«-ang,  "Tie  Dow  Chemical  Company,  Vfaiianc.  VII. 

Electron  microscopy  studies  showed  that  the  porous  structure  ot  organic 
Fibers  may  contain  fractal  geometries;  i  e„  the  pore  spaces  and  geometric 
irregularities  are  self-similar  upon  variations  ot  resolution-  At  the  vicinity 
at  a  PBO  fiber  surface,  the  cross-sectional  morphology  showed  dense 
fiorous  aggregates  with  a  degree  of  asymmetry  in  porosity  along  the  radial 
direction  In  the  matrix,  the  pore  size  and  porosity  appeared  to  he  sightly 
higher  with  the  pores  distributed  randomly  in  the  fibrous  aggregates.  The 
minimum  observed  aggregate  size  was  about  100  A  or  smaller.  The 
fractal  dimension  of  pores  in  PBO  fiber  as  determined  by  using 
microscopy  and  image  analyzing  techniques  was  found  to  be  2.51+0.06. 
While  the  nonfibrillated  fiber  contained  fibrous  aggregates  with  random 
shapes,  the  fibrillated  fiber  showed  a  continuous  fibril  size  distribution 
with  no  evidence  of  structural  hierarchy.  Based  on  these  observations,  a 
nucleation  and  growth  model  is  suggested  for  the  formation  of  fibrillar 
structure  in  PBO  fiber  with  variations  in  the  order  of  nucleation. 

03.7 

MELT  PROCES  SABLE  POLYMER  COMPOSITES  BASED  ON 
THERMOTROPIC  AND  FLEXIBLE  POLYMERS. 

G.  Crevecoeur  and  G.  Groeninckx;  Onivertity  of 
Leuven;  Laboratory  for  Macronolecular  and  Structural 
Chemistry;  Celeatl jnenlaan  200  P;  3030  Heverlee; 

Belgium 

Thermotropic  liquid  crystalline  polymers  (TLCPs)  can 
be  blended  with  flexible  polymers  in  the  melt  to 
lower  the  melt-viscosity  of  the  latter  and  to  form  in 
situ  reinforced  polymer  composites.  Since  the  TLCP 
and  the  flexible  polymer  are  generally  immiscible,  a 
two-phase  system  is  obtained,  in  which  the  TLCP  is 
dispersed  as  spheres  or,  more  preferably,  as  fine 
fibrils,  which  reinforce  the  matrix  in  much  the  same 
fashion  as  conventional  macroscopic  composites,  e.g. 
short  fiber  reinforced  composites. 

The  systems  studied  contained  as  TLCP  an  aromatic 
polyester  or  polyester-amide,  and  the  flexible 
polymer  was  either  polystyrene  (PS)  or  s  miscible 
blend  of  PS  and  poly- (phenylene  ether)  (PPE).  The 
blends  were  both  injection  moulded  and  spun  into 
fibers.  Experimental  data  will  be  presented  in  terms 
of  morphology,  mechanical  and  rheological  properties, 
thermal  and  dynamic  behaviour,  and  molecular 
orientation  in  the  TLCP.  Best  reinforcement  was  found 
when  sufficient  elongational  flow  was  applied  during 
processing,  and  the  viscosity  of  the  flexible  polymer 
was  significantly  higher  than  that  of  the  TLCP. 
Morphological  examination  of  these  samples  revealed  a 
fibrous  texture,  with  TLCP  fibrils  in  the  micron/ sub¬ 
micron  range,  having  very  high  aspect  ratios  (more 
then  100) . 

03.8 

MOl.liCl  I.AR  COMPOSITES  OE  RODI.IKE/EI.EXIBLE 
I'OI.YI MIDES.  S  R.  Rojstaczcr  .  D.  Y  5  oon,  W.  Volkscn.  IBM 
Research  Division,  Almadcn  Research  Center.  San  lose,  CA  05120; 
and  M.  Rec.  IBM  East  EishkiU  Facility,  Hopewell  .let.,  NY  12553. 

C  omposites  of  rodlike  and  flexible  polvimidcs  have  the  potential  to 
achieve  the  desired  properties  for  application  in  microelectronic  pack¬ 
aging  by  combining  the  required  thermal  and  mechanical  properties 
characteristic  to  the  rigid  component  along  with  enhanced  adhesion 
strength  provided  by  the  flexible  polvimidc. 

Wc  have  employed  (he  in-situ  rod  formation  via  imidizalion  to  obtain 
sub-micron  scale  phase  separation  of  rodlike  and  flexible  polyimidcs. 
Mixtures  of  the  respective  polvamic  alkyl  ester  (PAE)  and  polyamic 
acid  (PAA)  in  NMP  solvent  arc  therefore  used  for  coaling,  followed 
hv  solvent  evaporation  and  final  thermal  imidizalion.  The  ternary 
phase  diagram  of  the  NMP  solvent/PAE/PAA  system  was  determined 
for  vaious  PAA  molecular  weights.  It  is  shown  that  the  phase  sepa¬ 
rated  morphology  of  the  fullv  imidized  blends  is  nrimarilv  determined 
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'  inM'.irciu  pi'i'Miiidc  hietids  -t'lUaitung  up  o  252 <•  weight  fraction 
of  the  I’cxihlc  component  were  obtained  when  'he  -cspccuvc  orccursoi 
solutions  were  rapidly  Jncd  either  thermally  at  I  ;<F( /  ot  at  inwer 
temperatures  hv  microwave  heating  Dvnamtcal  mechanical  thermal 
analvsis  results  indicate  that  phase  separation  takes  places  lot  til  'he 
compositions  and  molecular  weights  investigated,  flic  -n/c  ai  .1  c 
phase  separated  domains  determined  from  scattering  methods  is  used 
to  establish  the  morphology-proper*’,  relationship  :n  rodlike/flcxihlc 
polvimidc  molecular  composites. 

03.9 

STRUCTURE  AND  PROPERTIES  OF  BLENDS 
FROM  POLY(CARBONATE)  .AND  POLY(ETHY- 
LENETEREPHTHALATE-CO-P-HYDROXIBEN- 
ZOATE):  PHASE  DIAGRAM  AND  MECHANICAL 
BEHAVIOUR.  Robert  Kosfeld,  Frank  Schubert, 

Michael  HcB.Universitv  of  Duisburg,  Departemenl  of 
Physical  Chemistry,  D-4100  Duisburg,  FRG. 

Mixtures  of  liquid  crystalline  polymers  with  coil-shaped 
polymers  exhibit  a  great  potential  in  constructing  ad¬ 
vanced  polymer  materials.  The  properties  of  composites 
prepared  from  such  polymers  is  strongly  depending  on 
the  way  of  preparation  and  thermal  history.  The  combi¬ 
nation  of  polymers  mentioned  above  is  chosen  to  show 
the  complexity  of  the  phase  diagrams  obtained  and  the 
concentration  dependence  of  some  mechanical  properties 
of  these  systems. 

Depending  on  thermal  history  miscibility  gaps  and  re¬ 
gions  of  partial  miscibility  are  present  and  partial  cry¬ 
stallization  is  observed  due  to  nucleation  of  one  compo¬ 
nent  caused  by  the  presence  of  the  other. 

Some  results  from  simple  processing  experiments  show 
interesting  morphological  features. 

03.10 

PHAGES  AND  PHASE  DIAGRAMS  IN  BLENDS  OF  POLYMER  LIQUID 
CRYSTALS  WITH  ENGINEERING  POLYMERS.  Witold  RfftStOW. 
Center  for  Materials  Characterization  and  Department  of  Che¬ 
mistry,  University  of  North  Texas,  Denton,  TX  76203-5371 ; 
Theodore  S.  Dzlemlanowlcz,  Htmont  U.S.A  Inc.,  800  Greenbank 
Road,  Wtlmtngton,  DE  19808;  Michael  Hess  and  Robert  Kosfeld, 
FBG  -  Physlkallsche  Chemle,  Unlversltat  Duisburg,  Postfach 
10  16  29,  D-4100  Duisburg  I,  Federal  Republic  of  Germany. 

We  continue  studies  ''3  of  blends  of  polymer  liquid  crystals 
(PLC)  with  ordinary  engineering  polymers  (EP).  We  now  focus 
on  connections  between  mechanical  and  other  properties  and 
phase  structures  and  phase  diagrams.  Pure  PLC  are  already 
two-phase  systems,  addition  of  an  EP  complicates  the  situation 
further,  in  particular,  we  are  concerned  with  phases  which  we 
call  quasi-liquids,  at  temperatures  between  the  glass  transi¬ 
tion  and  the  melting  point.  These  phases  do  not  have  the  mobi¬ 
lity  usually  associated  with  liquids  -  because  of  the  presence 
of  other  constltutents  and  also  because  of  possible  cold  crys¬ 
tallization.  Phase  diagrams  -  involving  nonequlllbrtum  phases 
-  will  be  connected  to  properties. 

1.  W.  Brostow,  T.S.  Dzlemlanowlcz,  J.  Romansk!  and  W.  Werber, 
Polymer  Eng.  &.  Scl.  1988,  21  785. 

2.  R.  Kosfeld,  M.  Hess  and  K.Frledr'ch,  Mater  Chem  &  Phvs. 

1 987.  ±fl,  93. 

3.  K.  Friedrich,  M.  Hess  and  R.  Kosfeld,  Makrnmol.  Chem.  Svmp. 

1988.  ifi,  251. 
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03 . 11 

STRUCTURE  OF  POLYQUINOLINE  MOLECULAR  COMPOSITE-A  SMALL 
ANCLE  SCATTERING  STUDY.  Uen  -  I  i  \Ju  .  Polymers  Division, 

NIST,  Gaithersburg,  MD;  John  K.  Scille,  Joseph  W.  Tsang  and 
Alex  J.  Parker,  Colorado  State  University,  Fort  Collins, 

CO. 

The  compatibility  between  a  rigid  rod  and  a  flexible  chain 
polyquinolines  was  characterized  using  a  combination  of 
small  angle  x-ray  and  neutron  scattering  (SAXS  and  SANS) 
techniques.  In  the  past,  the  presence  of  microvoids  had 
hampered  the  use  of  scattering  techniques  to  quantifv  the 
solid  state  structure  in  polymer  blends  containing  rigid 
rod  molecules.  In  the  present  work  both  the  SAXS  and  SANS 
measurements  were  performed  and  their  intensities  were 
reduced  to  their  absolute  scales. 

Since  the  scattering  contrast  between  the  void  and  the 
polymer  is  grossly  different  for  x-ray  and  neutron,  the 
contribution  from  microvoids  scattering  can  be  filtered 
out,  afterward  the  spatial  arrangement  of  the  rigid  rod 
molecules  can  be  determined. 

The  polvquinolines  were  synthesized  through  a  solution 
polymerization  of  bis(O-aminoketoner)  with 
bis(ketomethylene)  monomers.  The  flexible  chain  polymer 
has  almost  an  identical  composition  as  the  rigid  rod  one, 
except  there  are  two  additional  oxygen  atoms  per  repeating 
unit  for  the  flexible  one. 

The  extent  of  molecular  dispersion  as  well  as  its 
dependence  on  thermal  treatments  will  be  discussed. 

04 . 1 

PHASE  BEHAVIOR  IN  POLYMER  BLENDS.  William  J,  HacKnioht  and 
Frank.  E.  Karasz,  Polymer  Science  and  Engineering,  University 
of  Massachusetts,  Amherst,  MA. 

Mean  Field  Theories  (Flory-Hugglns,  Lattice  Gas,  Equation  of 
State)  are  capable  of  describing  the  essential  features  of 
the  phase  behavior  of  miscible  polymer  blends.  The  dis¬ 
cussion  will  be  restricted  to  flexible  coil  polymers  and 
examples  will  be  given  In  which  specific  Interactions  ( 1 . e . , 
hydrogen  bonding),  and  the  "copolymer  repulsive  effect"  are 
responsible  for  miscibility  or  partial  miscibility. 

In  the  first  category  are  blends  of  aromatic  polyben¬ 
zimidazoles  and  aromatic  polylmides.  Fourier  Transform 
Infrared  Spectroscopy  has  revealed  that  hydrogen  bonding  is 
responsible  for  the  observed  miscibility  in  these  polymers. 

The  copolymer  repulsive  effect  is  well  demonstrated  by 
blends  of  sulfonylated  poly(2 ,6-dlmethyl-l ,4  phenylene 
oxide)  and  poly( styrene  co  acrylonitrile).  In  the  case  of 
these  blends,  six  binary  Interaction  parameters  are  required 
to  describe  the  system.  Despite  the  fact  that  5  of  the  6 
are  thermodynamically  unfavorable  for  mixing,  considerable 
regimes  of  copolymer  compositions  exist  where  miscibility 
occurs.  This  Is  due  to  the  exceedingly  large  Intramolecular 
repulsion  between  styrene  and  acrylonitrile  segments. 

04.2 

SANS  STUDIES  OF  BLENDS  OF  PROTONATED  LINEAR 
POLYSTYRENE  WITH  CROSS  LINKED  DEUTERATED  POLYSTYRENE. 

Robert  M  Briber.  Polymers  Division,  National  Institute  of 
Standards  and  Technology,  Gaithersburg,  MD  20899. 

SANS  has  been  used  to  study  mixtures  of  linear  PSH  with 
crossllnked  PSD  made  by  classical  interpenetrating  network 
(IPN)  synthesis  techniques  where  the  linear  chain  (PSH)  is 
dissolved  in  a  mixture  of  the  monomer  of  the  second 
component  (deuterated  styrene)  and  crosslinking  agent  (DVB) 
which  is  then  polymerized.  The  polymerization  was  preformed 
at  130*0  using  AIBN  as  the  initiator.  Neutron  scattering 
was  preformed  at  the  NIST  SANS  facility.  SANS  indicates 
that  phase  separation  occurs  between  the  PSH  and  PSD  during 
the  polymerization  at  relatively  low  crosslink  densities 


'Mc-16400':  with  linear  chains  of  M^=43q00  "’hi-,  ‘.nd. 

that  to  produce  true  single  ohase  samples  vsr”  .ow 
crosslink  densities  must  be  used  even  with  components  wliicn 
are  compatible  as  linear  chains.  The  SANS  data  as  a 
function  of  linear  chain  length  (at  constant  network 
density)  and  as  a  function  of  network  density  (.at  constant 
linear  chain  length)  will  be  discussed  in  terms  of  the 
classical  theory  of  swelling  for  a  network  in  a  solvent 
(generalized  to  a  polymeric  solvent)  to  show  thaL 
contribution  to  the  free  energy  from  the  stretching  of  the 
network  chains  is  the  reason  for  phase  separation  in  sucn 
systems  and  not  due  to  an  isotope  effect  between  the  PSH 
and  PSD.  In  addition,  using  the  assumption  of  additivity  of 
the  mixing  and  elastic  free  energies  the  second  derivative 
of  the  elastic  free  energy  with  respect  to  composition 
(J2Af#i.,/3d2 )  is  obtained  from  the  extrapolated  zero  angle 
scattering  (S(0)). 

04.3 

DYNAMICS  OF  PHASE  SEGREGATION  IN  POLY- P- PHENYLENE 
TEREPHTHALAMIDE  AND  AMORPHOUS  NYLON  BLENDS,  J.  C.  Yang,  T. 
I.  Chen  and  T.  Kvu.  Center  for  Polymer  Engineering, 
University  of  Akron,  Akron,  Ohio. 

Time- resolved  light  scattering  has  been  employed  to 
elucidate  the  dynamics  of  phase  segregation  of 
poly- p- phenylene  terephthalamide  (PPTA)/amorphous  nylon 
(AN)  molecular  composites.  Miscible  PPTA/AN  blends  can  be 
prepared  from  methane  sulphonic  acid  solution  by  rapidly 
coagulating  the  solution  in  distilled  water.  The  system, 
however,  undergoes  phase  segregation  upon  thermal 
treatment  and  exhibits  a  lower  critical  solution 
temperature  (LOST).  Several  temperature  jump  experiments 
were  undertaken  from  ambient  to  a  two- phase  temperature 
region  of  240,  250  and  260"C.  Time- evolution  of 

scattering  profiles  were  analyzed  in  accordance  with  non¬ 
linear  and  dynamical  scaling  theories. 

Acknowledgement:  The  support  of  this  work  by  the  U.  S. 

Army  Research  Office  is  gratefully  acknowledged. 

04.4 

BLENDS  OF  CRYSTALLI ZABLE  POLYBUTADIENE  ISOMERS. 
Moira  Marx  Nir  and  Prof.  Robert  E.  Cohen, 
Massachusetts  Institute  of  Technology,  Dept,  of 
Chemical  Engineering,  Cambridge,  MA  02139 

Blends  of  two  c ry s t a  1 1 1 z ab 1 e  polybutadiene  (PBD) 
isomers,  syndiotactic  1,2  PBD  and  trans  1,4  PBD, 
have  been  extensively  characterized  in  both 
crystallized  and  melt  states.  Although  the 
chemical  compositions  of  the  two  homopolymers  are 
identical,  their  crystal  structures  and  melting 
and  glass  transition  temperatures  are  very 
dissimilar.  As  determined  by  UAXS .  Rheovibron 
vi sc oe la s tome  try  ,  DSC,  and  microscopy,  the 
crystallized  blends  exhibit  phase  -  separated 
behavior  over  the  full  range  of  composition.  The 
scsle  of  heterogeneity  in  binary  blends  is  less 
than  1 p  and  morphology  is  dependent  on  thermal 
history.  Compatibility  of  the  amorphous  phases 
has  been  studied  using  mechanical  spectrometry. 
Addition  of  smorphous  1,2/1, 4  diblocks,  as  a 
means  of  emulsifying  the  blends,  will  also  be 
discussed. 

04 . 5 

FACTORS  INFLUENCING  PROPERTIES  OF  SAN/PMMA  BLENDS 
R.  Subramanian.  Y.S.  Huang,  J.  F.  Roach  &  D.  R.  Miff 
GenCorp  Research,  2990  Gilchrist  Road,  Akron, 

Ohio  44305 

The  versatility  of  polymeric  blends  Is  reflected  In  the 
range  of  usable  end  properties  that  can  be  achieved 
through  alterations  In  the  composition  and/or  effective 
control  of  the  morphologies  of  the  mixtures.  Solvent 
cast  and  melt  mixed  blends  of  SAN  and  PMMA  have  been 
studied  to  understand  the  influence  of  PMMA  tactics  ty , 
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the  acrylonitrile  content  of  SAN  copolymer  and  goodness 
of  mixing  on  the  properties  of  the  final  mixtures.  The 
results  show  a  shifting  of  the  cloud  point  curves  and 
the  miscibility  windows  for  the  blends  of  SAN  with 
different  stereo-regular  PMMAs .  This  Is  Interpreted  as 
being  due  to  specific  Interactions  between  the 
acrylonitrile  and  methacrylate  groups.  The  Implications 
of  this  enhanced  specific  Interaction  on  the  processing 
conditions  and  subsequent  improvement  In  mechanical 
properties  will  be  discussed.  The  limits  of  mixing  that 
can  be  achieved  using  currently  available  mixing 
procedures  and  the  usefulness  of  the  title  blends  as  a 
model  to  predict  phase  behavior  of  a  partially  miscible 
system  will  also  be  discussed. 

04.6 

DIELECTRIC  STUDIES  OF  POLYESTER/POLYCARBONATE  BLENDS. 
James  M.  CReillv  and  Joseph  S.  Sedita  Corporate  Research  Laboratories, 
Eastman  Kodak  Company,  Rochester,  NY  14650 

Some  co-polyesters  of  ethylene  glycol  and  cyclohexane  dimethanol 
with  terphthalic  acid  are  miscible  with  polycarbonate  when  the 
polymers  are  prepared  by  extrusion  at  285°G  These  blends  show  a 
single  Tg  by  DSC  measurements  and  obey  the  Gordon-Taylor  equation. 
The  purpose  of  this  study  was  to  examine  the  relaxation  behavior 
of  these  blends  as  a  function  of  composition  (25,  SO,  75%  wt)  and 
to  quantatively  assess  the  changes  in  the  WLF  coefficients  with 
composition.  The  dielectric  properties  were  measured  with  a  DETA 
apparatus  from  Polymer  Laboratories  from  -150  to  200°C  at  five 
frequencies  (l,  3.  10,  28.5  and  100  kHz).  The  low  temperature 
relaxation  is  not  significantly  affected  by  blend  composition.  Dipolar 
relaxation  above  Tg  of  the  blends  is  typical  of  a  single  phase 
amorphous  polymer.  The  distribution  of  relaxation  times  can  be 
described  by  a  William-Watts  distribution  function  with  0-0.52  to 
0.57  over  the  range  of  composition.  Free  volume  parameters,  f  and 
of,  derived  from  the  temperature  dependence  of  the  dielectric  loss 
factor,  depend  on  blend  composition,  f  is  lower  for  the  blends  than 
it  is  for  the  copolymers.  The  characteristic  dielectric  relaxation  time 
at  Tg  is  longer  for  the  blends  than  it  is  for  the  copolymers.  These 
results  will  be  compared  with  enthalpy  relaxation  data  on  these  blends 
and  discussed  in  light  of  current  models  of  glassy  state  relaxations. 

04.7 

INTERPENETRATING  POLYMER  NETWORKS  AND  RELATED  TOPOLOGICAL 
ISOMERS.  Harry  L.  Frisch.  Department  of  Chaaistry,  State 
University  of  New  York,  Albany,  NY. 

Interpenetrating  polymer  networks  (IPN*S)  and  pseudo  IPN'S 
have  become  increasingly  important  as  novel,  molecular, 
composite  materials  exhibiting  chemically  controlled 
degrees  of  phase  separation.  The  scale  of  sucrophase 
separation  can  in  some  IPN'S  be  reduced  so  that  single 
phase  materials  (exhibiting  s  single  glass  transition 
temperature)  can  be  prepared  from  polymers  whose  linear 
chains  are  incompatible  at  almost  all  compositions.  We 
discuss  the  synthesis,  morphology  and  some  thermal  and 
mechanical  properties  of  these  macromolecular  topological 
isomers  Including  polymeric  catenanes.  We  will  present  in 
particular  recent  results  on  the  series  of  IPN'S  of 
poly(2,t-dinethyl-l,4-phenylene  oxide)  with  the  compatible 
polystyrene,  end  the  incompatible  poly (methyl 
methacrylate) ,  poly(butadiene) ,  polyurethane  acrylate,  and 
poly(dimethylsiloxane).  In  the  last  system  we  can  eompara 
the  behavior  of  the  IPN'S,  the  pseudo  IPN'S,  polymeric 
catenane,  graft  and  block  copolymers  as  well  as  a  highly 
mutually  croaslinked  copolymer. 

04.8 

MOLECULAR  MODELING  OF  INTERPENETRATING  POLYMER 
NETWORKS  (IPNm) .  w.B. Hammond  and  D.C.Prsvorssk, 
Allied-Signal,  Inc.,  P.O.Box  1021R,  Morristown, 

N.  J.  07962 

One  way  of  generating  nanometer  structures  is 
to  start  with  a  solution  of  a  cross-linkable 
monomer  and  a  high  molecular  weight  polymer  and 
carry  out  the  cross-linking  in  a  manner  to 
produce  minimal  structural  changes  during  the 
cross-linking  process.  This  process  produces 


Interpenetrating  Polymer  Networks,  IPNs,  an 
important  class  of  high  performance  polymers. 
We  have  used  molecular  modeling  to  study  a 
class  of  IPNs  prepared  by  cyclotrimerization  of 
bisphenol-A  dicyanate  in  the  presence  of  a 
linear  polymer  such  as  polycarbonate.  The  cyclo¬ 
trimerization  of  cyanates  produces  s-triazines 
linked  by  bisphenol-A  bridges  to  form  an  open 
three  dimensional  network.  Using  oligomer  struc¬ 
tures  to  represent  the  polymer  matrix,  we  have 
demonstrated  that  the  network  is  flexible  and 
can  incorporate  several  strands  of  polycarbon¬ 
ate  with  net  stabilization  by  van  der  Waals  and 
electrostatic  interactions.  Molecular  mechanics 
and  dynamics  calculations  have  been  used  to 
study  the  relationship  between  structure  and 
physical  properties  of  these  materials.  Proce¬ 
dures  used  to  develop  appropriate  force  field 
parameters  for  polymers  will  be  discussed. 

04.9 

FORMATION  OF  IPN  TYPE  THERMOPLASTIC 
MOLECULAR  COMPOSITES.  David  A.  Valia.  General 
Dynamics  Corporation,  Convair  Division,  San  Diego,  Ca. 
92138. 

A  novel  approach  for  the  production  of  thermoplastic 
molecular  composites  has  been  developed.  Using  the 
polyetherimide  shown  below  as  the  matrix,  an  IPN 
type  structure  has  been  attained  by  synthesizing  the 
rigid  rod  component  in  situ. 

Data  obtained  from  scanning  electron  microscopy, 
differential  scanning  calorimetry,  thermogravimetric 
analysis,  dynamic  mechanical  analysis  and  tensile  type 
measurements  will  be  presented.  Results  indicate  that 
a  homogeneous  distribution  of  the  rigid  rod 
throughout  the  thermoplastic  matrix  has  been 
obtained.  The  effect  of  using  a  novel  method  for 
attaining  orientation  of  the  rigid  rod  component  will 
also  be  discussed. 

05.1 

MOLECULAR  VARIABILITY  IN  IONOMERS.  A.  Elsenberg.  Department 
of  Chemistry,  McGill  University,  Montreal.  Quebec,  H3A  2K6  Canada. 

lonomers  present  the  polymer  chemist  with  an  enormous  range  of 
opportunities  for  varying  the  molecular  structure  and  properties  of 
polymers.  Even  If  one  restricts  oneself  to  a  single  polymer,  e.g.  styrene, 
and  a  single  pendant  ion,  e.g.  carboxylate.  the  range  of  structures  is 
very  large.  For  example,  the  Ions  can  be  attached  to  the  backbone  at 
random  as  In  styrene-sodium  methacrylate  copolymers  or  they  can  be 
attached  randomly  to  the  p  position  of  the  phenyl  ring,  or  can  be  even 
further  from  the  backbone  by  the  use  of  methylene  spacers  of  various 
lengths.  The  structural  variations  afreet  the  mechanical  properties 
dramatically  by  affecting  the  morphology  of  the  materials. 

If  one  places  the  ions  exclusively  at  one  or  both  chain  ends,  the 
resulting  block  copolymers  exhibit  even  more  drastic  morphological  and 
bulk  property  changes.  Furthermore,  AB  blocks  yield  micelles  or 
inverted  micelles,  depending  on  the  method  of  preparation,  and  can 
alao  be  prepared  aa  Interfacial  layers  on  water  or  between  water  and 
organic  solvents,  again  exhibiting  a  range  of  unusual  properties.  If  one 
allows  the  replacement  of  the  carboxylate  ion  by,  for  example,  a 
vmylpyrtdmium  ion,  further  variation  In  properties  becomes  possible. 
Plasticizers  are  an  additional  parameter. 
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The  lonomers,  thus,  present  us  with  a  most  useful  family  of  materials 
which  allows  for  a  dramatic  variability  In  properties  by  allowing  us  to 
vary  lntennolecular  interactions  and  therewith  morphology  of  the 
systems. 

05.2 

BLOCK  COPOLYMER  IONOMERS:  SULFONATED  STYRENE- 
(ETHYLENE-CO-BUTYLENE)-STYRENE  POLYMERS.  R.  A.  Waiss 
and  A.  Son,  Univ.  Connecticut,  Storrs,  CT;  and  L  A.  Pottick  and 
C.  L  Willis,  Shell  Development  Co.,  Houston,  TX. 

The  polystyrene  endbiocks  of  a  hydrogenated  styrene-butadiene 
SBS  block  copolymer  were  lightly  sulfonated  in  homogeneous 
solution.  Sulfonate  concentrations  ranged  from  2.5-18  mol%, 
and  the  free  acid  derivatives  and  the  Na-  and  Zn-salts  were 
prepared  and  characterized.  The  ionomeric  nature  of  the 
modified  block  copolymers  was  demonstrated  by  their 
solubility  behavior,  solution  properties,  viscoelastic 
properties  and  their  microstructure  as  determined  by  small 
angle  x-ray  scattering  (SAXS). 

Sulfonation  increased  the  Tg  of  the  styrene  phase  and  also  gave 

rise  to  a  new  rubbery  plateau  in  the  dynamic  modulus  above  the 
styrene  Tg.  This  plateau,  which  was  a  consequence  of  a  physical 

network  that  formed  from  ionic  interactions  in  the  styrene 
blocks,  persisted  to  nearly  300°C  in  the  more  highly 
substituted  polymers.  Thus,  these  materials  consisted  of  three 
phases  and  two  separate  physical  networks:  one  formed  by 
20-30  nm  diameter  spherical  polystyrene  microdomains 
dispersed  in  the  rubbery  matrix  and  the  other  formed  by  a  3-4 
nm  diameter  ion-rich  clusters  within  the  styrene  microphase. 

The  introduction  of  the  ionic  network  into  the  conventional 
block  copolymer  network  resulted  in  significantly  improved 
tensile  properties  for  the  block  copolymer  at  elevated 
temperatures. 

05.3 

"GRAFT  COPOLYMERS"  FORMED  BY  SPECIFIC 
INTERACTIONS  IN  POLYSTYRENE  AND  POLYISOPRENE 
BASED  IONOMERIC  BLENDS.  Sun  Sasoneko.  M.  Sabade  and 
R.  A.  Weiss.  University  of  Connecticut,  Storrs,  CT  06269- 
3136;  and  R.  Jerome,  University  of  Liege,  Liege,  Belgium. 

This  research  considers  the  molecular  architecture, 
morphology  and  properties  of  blends  of  a 
monofunctionalized  polyisoprene  and  lightly  sulfonated 
polystyrene(SPS).  SPS  was  formed  by  sulfonation  with 
acetyl  sulfate  of  a  narrow  molecular  weight  distribution 
polystyrene  (Mn=39,000;  Mw/Mn=1.08).  lonomers 

containing  1.44,  3.58  mol%  sulfonic  acid  or  zinc  sulfonate 
were  blended  with  either  stoichiometric  or  twice  the 
stoichiometric  amount  (based  on  the  acid  functionality)  of 
an  o)-dimethylamino  terminated  polyisoprene  (Mn=3,800; 
Mw/Mn=1.23).  For  the  blends  using  the  sulfuric  acid 
derivatives,  the  two  polymers  interact  by  proton  transfer; 
for  the  zinc  sulfonate  derivatives  the  interaction  involves 
the  formation  of  a  transition  metal  complex.  This 
interactions  were  studied  by  infrared  spectroscopy. 

The  predominant  molecular  architecture  is  believed  to  be 
of  a  comb-like  graft  copolymer  of  the  isoprene  onto  the 
polystyrene.  The  graft  site,  however,  involves  a  physical, 
rather  than  a  covalent  bond  that  distinguishes  these 
materials  from  more  conventional  graft  or  block 
copolymers  or  non-interacting  physical  blends.  The 
consequences  of  the  two  different  types  of  interactions, 
ionic  and  transition  metal,  on  the  bulk,  solution,  and 
rheological  properties  will  be  discussed  and  compared 


with  blends  of  comparable  molecular  weight 
unfunctionalized  polymers  and  block  copolymer  with 
similar  compositions  and  molecular  weights. 
05.4 

MORPHOLOGY  OF  IONIC  BLOCK  COPOLYMERS  BY 
SAXS.  Jean-Pierre  Gouin,  Alain  Desjardins  and  Adi 
Eisenberg,  McGill  University,  Montr6al,  Canada,  and 
Claudine  E.  Williams,  LURE,  Universite  Paris-Sud,  Orsay, 
France. 

SAXS  experiments  were  done  on  well  characterized  AB 
and  ABA  block  copolymers  where  the  B  blocks  were 
poly(styrene)  (200  to  1000  monomer  units)  and  the  A 
blocks  were  short  (10  to  50  monomer  nnits  mainly) 
and  were  composed  of  either  (,oly(vinyl-4- 
methy  lpyridinium  iodide)  or  poly(cesium 
methacrylate).  The  materials  were  studied  in  the  solid 
state.  Various  methods  of  preparing  the  samples  were 
studied  (casting,  in-situ  quatemization,  freeze-drying). 

The  SAXS  patterns  all  show  a  strong  main  peak  and 
evidence  of  weaker  peaks  at  higher  angles.  The  main 
peak  was  attributed  to  a  characteristic  distance 
between  the  phase  separated  regions.  The  length  of  the 
short  ionic  blocks  was  shown  to  have  a  much  greater 
effect  on  this  characteristic  distance  than  the  length  of 
the  poly(styrene)  blocks.  An  estimate  of  the 
morphological  dimensions  was  obtained  via  space 
filling  calculations  based  on  the  characteristic  distance. 
The  relative  extent  of  the  order  between  the  phase 
separated  regions  was  compared  for  the  different 
architectures  and  methods  of  preparation  by 
considering  the  peak  widths. 

05.5 

SMALL  ANGLE  X-RAY  SCATTERING  ON  POLY (ETHYLENE- 
METHACRYLIC  ACID)  LEAD  AND  LEAD  SULFIDE 
IONOMERS.  Dan  Q.  Wu  and  Benjamin  Chu  ('),  Chemistry 
Department,  SUNY  at  Stony  Brook,  NY  11794-3400  and  Walter 
Mahler,  Central  Research  &  Development  Dept,  Du  Pont, 
Wilmington,  DE  19898-0328 


The  morphology  of  ionomers:  poly(ethylene-metbaciylic  acid) 
(EMA)  lead  salts  (EMA/Pb)  and  lead  sulfide  compounds 
(EMA/PbS)  has  been  studied  by  using  the  techniques  of  small 
angle  x-ray  scattering  (SAXS),  anomalous  SAXS  (ASAXS),  and 
differential  scanning  calorimetry  (DSC).  EMA/Pb  at  *2  wt% 
exhibited  two  characteristic  SAXS  peaks  which  corresponded  to 
the  lamellar  structure  of  the  crystalline  copolymer  and  the  ionic 
structure  of  the  Pb  aggregates.  With  increasing  Pb  content,  the 
lamellar  peak  retained  its  position  but  became  less  sharp  and 
eventually  vanished  while  the  ionic  peak  grew  and  shifted  to  a 
lower  value  of  q,  with  q  being  the  scattering  vector.  DSC  showed 
that  the  crystalline  phase  was  present  for  all  EMA/Pb  samples 
and  that  the  crystallinity  decreased  with  increasing  Pb  content 
PbS  was  made  by  a  reaction  of  Pb  ionomers  with  hydrogen 
sulfide.  SAXS  on  EMA/BbS  showed  no  ionic  peak,  but  a  peak 
located  at  the  same  q  as  the  lamellar  peak  of  Pb  ionomers. 
ASAXS  performed  at  the  Pb  L  absorption  edge  permitted  the 
structural  determination  of  pure3Pb  without  interference  of  the 
lamellar  peak.  A  schematic  description  of  the  ionomer  structure 
will  be  presented. 


05.6 

POLYMER  COMPOSITES  WITH  ELECTRONIC  ANL>  IONIC 
CONDUCTIVITIES.  P.  Aldebert,  N.  Girault,  M.  Pineri,  Groupe 
Phvsico-Chimie  Mol^culaire,  DRF/SPh,  Centre  d'Etuaes 
Nucleaires,  85X.  18041  Grenoble  Cedex,  France  ;  and  P.  Audebert, 
Laboratoire  d'Electrochimie  Moleculaire,  Universite  Paris  VII, 
75230  Paris  Cedex  05,  France. 

Electronic  and  ionic  conductive  polymer  composites  are  syn¬ 
thesized  by  an  electropolymerization  using  pyrrole,  bithiophene 
or  aniline  trifluromethanesulfonate  with  a  stiff,  hydrophobic 
perfluorinated  ionomer  gel.  An  inert  aqueous  electrolyte  is 
also  used  to  insure  the  ionic  conduction  in  the  cell.  The  compo¬ 
sites  obtained  have  a  high  conductivity  along  with  good  mechani¬ 
cal  properties  (especially  when  they  are  annealed  under  pressure). 
Another  method  was  developped  consisting  in  the  electropolyme¬ 
rization  of  the  polyheterocycles  into  a  swollen  Nafion  membrane 
inserted  between  the  electrode  and  the  electroactive  gel  prior 
to  polymerization.  This  last  method  gave  composite  membranes 
which  ally  again  a  high  electronic  conductivity  and  mechanical 
properties  similar  to  the  initial  unmodified  membranes. 

The  composition  and  characteristics  of  the  final  polymers  were 
investigated  in  relation  with  the  composition  of  the  initial  gel, 
the  polymerization  currents  and  the  applied  potential. 

The  structures  obtained  for  these  materials  correspond  to  that 
of  the  ionomer  either  in  inverted  micelle  starting  form  or  in 
the  direct  micellar  form  of  the  gels.  The  oxidized  groups  of 
the  electron  conductive  polymer  associate  with  the  anionic 
sites  of  the  ionomer.  Ion  exchange  capacities  have  been  measured. 

05.7 

EXCIMER  AND  EXCITON  FUSION  OF  BLENDS  AND 
MOLECULARLY  DOPED  POLYMERS--A  NEW  MORPHO¬ 
LOGICAL  TOOL.  Zhong-You  Shi,  Ching-Shan  Li,  Irene  E. 
Newhouse  and  Raoul  Kopelman.  Department  of  Chemistry,  The 
University  of  Michigan,  Ann  Arbor,  MI  48109-1055. 

Exciton-exciton  and  exciton-excimer  triplet  fusion  kinetics  is 
monitored  in  medium  molecular  weight  P1VN/PMMA  solvent 
cast  films  with  concentrations  from  0.005  to  100%  (weight),  at 
temperatures  of  77  to  300  K,  via  time  resolved  fluorescence  and 
phosphorescence  (10  ns  to  10  sec).  The  heterogeneity  exponent 
(h)  is  0.5  for  isolated  P1VN  chains,  zero  (classical)  for  pure 
PlVN  and  "fractal-like"  throughout  certain  concentration 
-egimes  However,  h  is  not  monotonic  with  blend  concentration 
but  rather  oscillates  between  zero  and  0.5.  Correlation  is  made 
with  morphology  changes  (phase  separation,  filamentation). 
The  long-lived  decays  do  fit  stretched  exponentials,  with  a 
parameter  B  =  1  -  h.  Furthermore,  the  blend  topology  is  also 
studied  with  the  aid  of  the  time-modulation  technique,  in  which 
the  time-decays  are  obtained  for  different  excitation  durations, 
i.e.,  single  pulse  vs.  cw  or  multiple-pulse  laser  excitation,  but 
with  equal  global  exciton  densities  at  the  start  (t  =  0)  of  the 
decays.  As  expected,  the  triplet  exciton  kinetics  is  dominated  by 
short-range  hops  (about  5  A)  and  thus  monitors  the  primary- 
topology  of  the  chains.  At  concentrations  below  0.01%,  the 
excitons  are  constrained  to  a  truly  one-dimensional  topology.  At 
higher  concentrations  there  is  a  fractal-like  topology.  Similar 
studies  were  conducted  on  naphthalene-doped  PMMA  (1-20% 
weight)  and  interpreted  with  the  aid  of  computer  simulations 
The  lower  concentration  samples  are  neither  segregated  nor 
random  solution  phases. 

05.8 

THE  ORDERED  BICONTINUOUS  DOUBLE  DIAMOND 
STRUCTURE  IN  BLENDS  OF  DIBLOCK  COPOLYMER  AND 
HOMOPOLYMER.  Karen  I.  Wmev  University  of  Massachusetts, 
Amherst,  MA;  and  Edwin  L.  Thomas,  Massachusetts  Institute  ot 
Technology,  Cambridge,  MA. 

We  report  the  observation  of  the  ordered  bicontinuous  double 
diamond  (OBDD)  structure  in  blends  of  poly(styrene-isoprene) 
diblock  copolymers  with  homopolystyrene.  Both  components  of 
trie  OBDD  structure  are  continuous  and  periodic  in  three 
dimensions  The  minority  component  of  the  OBDD  resides  in  two 


interpenetrating  networks  having  diamond-cubic  symmetry  ana 
constant  mean  curvature  surfaces.  The  majority  component 
resides  in  the  continuous  matrix  b<*tween  the  two  diamond 
channels  A  lamellar  diblock  cope  iymer  blended  with 
homopolystyrene  gives  the  OBDD  with  the  homopolymer  in  the 
matrix.  A  small  amount  of  homopolystyrene  added  to  a  cylindrical 
diblock  copolymer,  where  polystyrene  is  the  minority  block,  forms 
the  OBDD  with  the  homopolymer  in  the  diamond  channels. 

The  overall  polystyrene  volume  fraction  of  the  OBDD  binary 
blends  is  approximately  within  the  polystyrene  volume  fraction 
range  established  for  pure  diblock  copolymers  having  the  OBDD 
structure.  However,  obtaining  the  proper  polystyrene  volume 
fraction  Is  not  sufficient  to  produce  the  OBDD  in  a  blend.  A  large 
amount  of  homopolystyrene  added  to  a  cylindrical  diblock 
copolymer,  where  polystyrene  is  the  minority  block,  macrophase 
separates  rather  than  forming  a  polystyrene  rich  OBDD  structure. 
Homopotymer  solubility  depends  on  the  relative  molecular 
weights  of  the  homopolystyrene  and  the  polystyrene  block  of  the 
copolymer  as  well  as  the  composition. 

05.9 

STUDIES  ON  THE  MICROSTRUCTURE  OF  CORE-SHELL  COPOLYMERS  BY 
ELECTRON  MICROSCOPY.  R.  VelSzquez,  A.  Cruz*  and  V.  M  Cas- 
tano,  Institutj  de  Fisica,  U.N.A.M.,  A.  P.  20- 364 '.“Mexico. 

D.  F.  01000.  Facultad  de  Quimica,  U.N.A.M.,  Cd.  Universi 
taria,  Mexico,  D.  F.  “ 

Several  structured  copolymers  (core-shell)  have  been  stu¬ 
died  by  Transmission  Electron  Microscopy  (TEM).  The  sys¬ 
tems  analyzed  included  styrene-butyl acri late  with  diffe¬ 
rent  compositions  and  preparation  procedures.  The  micros¬ 
tructure  found  by  TEM  has  been  correlated  to  the  chemical 
and  physical  properties  of  the  copolymers.  Special  care 
has  been  dedicated  to  the  intafacial  characteristics  of 
the  materials. 

05.10 

STUDIES  ON  THE  EXCESS  FREE  ENERGY  AND  THE 
COLLECTIVE  DIFFUSION  CONSTANT  OF  THE  BLEND 
d-PS/PVME  AND  THE  ISOTOPIC  BLEND  d-PS/PS  WITH 
NEUTRON  SMALL  ANGLE  SCATTERING. 

D.  Schwahn .  K.  Hahn',  J.  Streib' ,  and  T.  Springer 

IFF  -  KFA  Jlilich  GmbH,  5170  Jiilich,  FRG 

‘BASF  Aktiengesellschaft,  G700  Ludwigshafen,  FRG 

Demixing  and  precipitation  growth  are  of  general 
interest  in  the  application  of  polymer  blends.  We 
have  carried  out  small  angle  neutron  scattering 
(SANS)  studies  on  the  system  PVME/d-PS  having  a 
lower  critical  solution  temperature,  and  on  the 
isotopic  blend  of  polystyrene.  Critical 
scattering  and  the  domain  growth  rate  have  been 
studied  for  different  temperatures  and 
compositions  of  the  components.  Isotopic  blends 
are  ideal  systems  for  testing  theoretical  models . 
In  d-PS/PS  (M  «  106  dalton)  the  Flory-Huggins 
interaction  parameter  *(♦, T)  as  determined  by 
SANS,  yields  binodal,  the  miscibility  gap,  and 
the  corresponding  spinodal  line,  with  an  upper 
critical  temperature  of  130  °C.  From  temperature 
relaxation  experiments  above  Tc,  and  from 
spinodal  decomposition,  the  collective  diffusion 
constant  was  determined.  After  3  weeks  of 
annealing  at  125  °C,  decomposition  was  observed 
which  can  be  interpreted  in  terms  of  the 
Cahn-Hilliard-Cook  theory  for  the  early  stages  of 
decomposition . 

05.11 

PROPERTIES  AND  STRUCTURE  OP  P0LI( VINYL  ALCOHOL) 

(  PYA  )/KELAMINE  FORM  ALDEHYDE  (  MF  )  MOLECULAR 
COMPOSITES.  Ke Cheng  Gong;  and  Xinghua  Zhang, 
Polymer  Structure  and  Modification  Research  Lab, 
South  China  University  of  Technology,  Guangzhou, 
P.R,  China. 
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The  Dii  cheu.; ca2  p:r  j>t  rt  ies  tnJ  structure  £  t 
^A/KF  molecular  composites  have  been  stuo:ee 
:t'  this  paper.  When  PVA  content  was  lower  t:.ai. 
t  certain  value  (about  2'JH  weight ),  the  flexible 
strength  and  impact  resistance  were  improved 
simultaneously.  Although  the  impact  resistance 
remained  the  previous  trend  when  the  FVa  content 
went  beyond  the  limit,  the  flexible  strength 
tended  to  decrease . 

The  structure,  morphology,  heat -resistance  and 
some  other  properties  of  the  two-phase  system 
were  investigated  by  means  of  differential 
scanning  calorimetry,  thermogravimetry,  infrared 
absorption  spectrum  and  transmission  and  sweep 
electron  microscopy.  The  results  indicated  that 
there  was  molecular  composite  structure  in  this 
rvo-componer.t  system  and  the  chemical  reaction 
including  crosslink  mg  between  the  components 
occurred.  That  gave  the  explanation  of  the 
pile cts  oi  PVA  on  the  mechanical  properties  and 
snowed  that  the  molecular  composites  are 
favourable  for  making  full  use  of  the  macro- 
molecular  potentiality. 

06  .  i 

MORPHOLOGICAL  CONSEQUENCES  0?  CATALYTIC  HYDROCENATION  OF 
POLYMERS  .N  THE  BULK  *  Laura  R  C .  I )  :  otr  Sand. a  Nations, 
laboratories.  Division  1811,  Albuquerque  NM  8718-1 

liner,  suitable  catalysts  are  molecular ly  dispersed  in 
poivmers  the  polymers  can  be  modified  ir.  the  absence  of 
added  solvent.  This  paper  describes  the  bulk  catalytic 
hvdrogenation  of  olefinic  polymers  with  an  emphasis  on 
micro-  and  macro-scale  morphology.  Examples  of  the  in¬ 
i-ace  conversion  of  an  amorphous  polvbutadiene  to 
crystal  line  polyethylene,  a  crystalline  poiybutadlene  to 
amorphous  poivbutene,  and  crystalline  poiybutadlene  to 
crystalline  pclyetnvlene  will  be  prov-ded.  Modification  of 
the  centcrblock  of  a  polystyrene -polybutadiene  triblock 
rorir  lytne:  occurs  with  retention  of  the  original  morphology 
ano  domain  size  A  single  component  of  a  polymer  blend  cat. 
be  selectively  reacted  in  the  bulk.  For  example, 
h"drogenstlon  of  *  blend  containing  polvbutadiene  and 
noiv-soprene  resulted  in  preferential  raction  of  the 
disubsc.tuted  relative  tc  the  crisubstituted  double  bonds 
Cross  structural  features  attributable  to  initial 
. at,:*. cat. or  will  be  described.  Additionally,  the 
post  thill  tv  of  obtaining  a  heterophase  material  b)  partial 
modif iear.i on  of  a  homophase  polymer  will  be  considered 

*  This  work  was  performed  at  Sandia  National  Laboratories 
supported  by  the  l1.  S.  Department  of  Energy  under  contract 
n umbel  DE-ACOa- 76DP00789 . 

cv  r 

i',.,,‘”rHET!C  CONTROL  OF  MOLECULAR  STRUCTURE  IN  ORGANIC 
AEROGELS  Richard  W  Pckala,  Chemistry  A  Material:  Science  Dopartmcn, 
wrenci  Livermore  National  Laboratory  Livermore.  CA  94550 

The  sol-gel  processing  o’  metal  alkoxidcs  te.g  tetramethoxi  silant 
tetraisopropoxv  manatei  is  a  convenient  method  for  tailoring  the  properties  of 
inorganic  materials  ai  a  molecular  level  Sol-gel  research  has  principals 
torused  on  the  manipulation  of  silicate  precursors  to  form  polymeric  or  colloidal 
structures  ir  solution.  The  hypercritical  drying  of  crosslinked  silica  gels  leads 
<■'  the  rormatior.  or  a  special  class  of  open-celled  foams  refereed  to  as  aerogels 
Aerogels  have  an  ultrafme  cell/pore  size  (<  lOOOA)  and  a  morphology 
composed  ot  interconnected  particles  with  diameters  less  than  100  A.  This 
microstructuri  is  rcponsiblc  lor  the  unusual  optical,  thermal,  and  acoustic 
properties  of  these  materials. 

Our  research  has  locusaed  on  organic  syntheses  which  proceed  through  a  lol-ge 
transition  and  car  be  controlled  to  produce  aerogels  with  varying  properties 
Organic  aerogels  have  been  synthesized  from  the  base  catalyzed,  aqueous 
reaction  of  resorcinol  with  formaldehyde.  In  this  reaction,  resorcino 
dit-vdrox\  benzene)  is  a  trifunctional  monomer  capable  ol  addmf 
formaldehyde  in  the  2,4  and/or  6  ring  positions.  These  intermediate  products 
condense  into  polymeric  'clusters'  with  diameters  ranging  from  30-175  A  The 


resorcinoi -formaldehyde  (Kf ,  clusters  contain  suriace  functional  groups 
which  lead  to  further  crosslink  mg  anc  eventual  gel  formation. 

RE  gc-ls  are  hypercriticaiiv  dn”d  u  lurm  organic  aerogel.  The  RE  aerogels  art 
darx  red  in  color  and  transparent  Pyrolysis  of  the  RF  aerogels  in  an  inert 
atmosphere  leads  tci  a  vitreous  carbon  structure. 

The  catalvsl  concentration  in  the  polymerization  has  been  found  t(  control  the 
particle  size,  cell  size,  density,  surface  area,  and  modulus  of  the  organic 
aerogels.  In  this  paper,  the  chemical  manipulation  ol  the  aerogel 
microstructure  will  be  discussed.  Characterization  methods  include  SEM,  TEM 
BET  nitrogen  adsorption,  and  small  angle  scattering. 

06 . 3 

SYNTHETIC  PROCEDURES  FOR  PREPARING  CROSS-LINKABLE  ACRYLIC 
COMB-LIKE  COPOLYMERS  VIA  MACROMONOMERS.  G-F.  Chen  and  Frank 
N.  Jones,  Polymers  &  Coatings  Dept.,  North  Dakota  State 
University,  Fargo,  ND  58102 

Synthesis  of  comb-like  polymers  and  copolymers  by 
polymerization  of  macromonomers  is  a  subject  of  widespread 
scientific  and  technological  interest.  The  macromonomers 
are  commonly  prepared  by  anionic,  cationic  or  group  transfer 
polymerization.  He  will  report  synthesis  of  copolymeric 
macromonomers  by  and  comb-like  copolymers  by  free-radical 
initiated  polymerization  using  a  functional  chain  transfer 
agent,  a  route  which  can  be  illustrated  as  follows: 

I»  +  M  +  H0XSH  — »  IMMMKMMMMMMH  +  HOXSMMMMMMMMMMH 

lrool  lOOmol  9mol  lmol  9mo. 

HORSMMMMMMMMMMH  +  ICEM  —>  CH2«C ( Me ) COOYNHCOOMMMMMMMMMME 

macromonomer 

CH-“C(He)COOYNHCOOMMMMMMMMMMH  +  1*  — »  comD-iike  cope. vine? 

[I*  «  initiator,  M  -  mixed  monomers,  X  and  Y  can  be  CE.,Ch. 

This,  synthetic  route  works  wel»  only  i!  format. on  o;  non¬ 
functional  anc  difunctional  materials  dur.ng  the  firs',  stay 
is  minimized.  Difunctional  materials  car  result  from 
termination  by  combination  or  from  other  react. oris  anc  are 
especially  troublesome  because  they  cause  branctung  or 
gelation  in  the  third  step.  It  will  be  shown  that  by 
careful  choice  of  monomers  and  reaction  conditions  in  each 
step  a  wide  variety  of  comb -like  copolymer!  can  be 
synthesized.  Of  particular  interest  are  comb-like 
copolymers  bearing  mixtures  of  tines,  some  designed  to 
impart  cross-imkability  and  others  designed  to  impart  otne: 
desired  properties  to  the  materials. 

06.4 

SYNTHESIS  AND  CHARACTERIZATION  OF  SEGMENTED 
COPOLYMERS  OF  A  METHYLATED  POLYAMIDE  AND  A 
THERMOTROPIC  LIQUID  CRYSTALLINE  POLYESTER 
Gregory  T.  PawliKowski.  R  A.  Weiss  ana  S.  J  Huang. 
University  of  Connecticut,  Storrs,  CT 

A  block  copolymer  consisting  ot  liquid  crystalline 
polyester  segments  and  methylated  polyamiot 
segments  has  been  synthesized  Solution  poiy- 
condensation  o<  acid  chloride  end-capped  poly- 
(terephthaloyi  phenylhydroquinone)  (LCP  portion)  with 
an  amine  terminated  poly(N,N'-dimethylethylene 
sebacamide)  was  utilized  to  prepare  the  segmented 
copolymer 

Characterization  by  difterential  scanning  calorimetry, 
infrarec  spectroscopy,  thermogravimetric  analysis 
dynamic  mechanical  analysis,  optical  microscopy  and 
scanning  electron  microscopy  has  been  performed  to 
verify  the  existence  of  the  block  copolymer  and  to 
evaluate  its  potential  as  a  molecular  composite 
materia'  or  self-reinforcing  thermoplastic. 
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06.5 

MORPHOLOGY  OF  SOLVENT  CAST  DIBLOCK  COPOLYMERS 
AND  COPOLYMER-HOMOPOLYMER  BLENDS  CONTAINING 
"DURHAM"  POLYACETYLENE.  Sankaran.  V.:  Schrock,  R.R.; 
Cohen,  R.E.,  Department  of  Chemical  Engineering  and  Chemistry, 
Massachusetts  Institute  of  Technology,  Cambridge,  MA. 

Diblock  copolymers  of  poly  norbornene  and  7,8- 
bis(trifluromethyl)tricyclo[4.2.2.02'5]deca-3,7,9-triene  were  synthesized 
via  ring  opening  metathesis  polymerization  using  the  catalyst 
W(NAr)(CH«Bu)(0‘Bu)2  [where  Ar  =  2,6-C6H3'Pt2].  The  second 
block  is  readily  convened  to  "Durham  polyacetylene"  by  heating  to 
120°C  for  3.S  minutes.  Solution  cast  films  of  these  diblocks  were 
studied  using  Transmission  electron  microscopy  and  Small  angle  X-ray 
scattering.  Diblock  copolymers  with  up  to  ten  weight  percent 
polyacetylene  exhibit  a  morphology  of  polyacetylene  spheres  of  -2S°A 
diameter  in  a  polynorbomene  matrix.  Also  investigated  was  the  effect  on 
morphology  of  blending  the  diblocks  with  various  amounts  of 
polynorbomene. 

06.6 

aggregation  structure  and  electro-optical  properties 

OF  (LIQUID  CRYSTALLINE  POLYMER )/( LOW  MOLECULAR  WEIGHT 
LIQUID  CRYSTAL)  COMPOSITE  SYSTEM.  Tisato  KaUvama. 
Dept,  of  Appl .  Chem.,  Kyushu  Univ.,  Hakozaki, 

Higashi-ku,  Fukuoka,  Japan 

Reversible  and  bistable  electro-optical  effect 
based  on  light  scattering  was  recognized  for  a  binary 
composite  composed  of  side  chain  type  liquid 
crystalline  polymer (LCP)  and  low  molecular  weight 
liquid  crystal (LMWLC)  of  which  chemical  structure  is 
similar  to  the  mesogenic  side  chain  of  LCP.  A  light 
scattering  state  caused  by  the  disorder  of  homeotropic 
alignment  appeared  below  a  threshold  frequency. 
Furthermore,  application  of  a  100  V  a.c.  field  of  1 
kHz  made  the  transmission  light  intensity  increased  to 
94  I  within  a  few  seconds.  The  optical  heterogeneity 
in  a  smectic  layer  of  the  side  chain  group  was  caused 
by  the  difference  of  two  forces  based  on  both 
dielectric  anisotoropy  of  the  side  chain  and  the 
electrohydrodynamic  motion  of  the  main  chain.  Since 
application  of  a  low  frequency  electric  field  induces 
an  ionic  current  throughout  the  mixture  film,  it  Is 
reasonable  to  consider  that  an  incduced  turbulent  flow 
by  an  ionic  current  collapsed  a  fairly  well  organized 
large  smectic  layer  into  many  small  fragments, 
resulting  in  an  increase  in  light  scattering.  The 
response  speed  of  LCP  to  an  applying  electric  field 
increased  remarkable  by  mixing  LMWLC.  A  smectic  phase 
was  observed  in  a  fraction  range  above  55  wtl  of  LCP. 

In  the  case  of  a  smectic  mesophase,  turbid  and 
transparent  states  remained  unchanged  as  it  was,  even 
though  after  removing  an  electric  field. 

Such  a  bistable  and  reversible  light  switching 
driven  by  two  different  frequencies  could  be  .newly 
realized  by  both  characteristics  of  turbulent  effect 
of  LCP  main  chain  and  rapid  response  of  LMWLC.  We 
believe  that  the  LCP/LMWLC  mixture  system  is  useful  as 
a  novel  type  of  "light  valve"  exhibiting  memory  effect 
(bistable  light  switching). 

06.7  ABSTRACT  WITHDRAWN 

06.8 

ELECTRICALLY  CONDUCTIVE  COMPOSITE  PREPARED 
BY  TEMPLATE  POLYMERIZATION  OF  PYRROLE  INTO  A 
COMPLEXED  POLYMER.  A  Mohammadi.  D.W.  Paul,  O.  InganHs,  J. 
O.  Nilsson  and  I.  Lunds  torn,  Laboratory  of  Applied  Physics,  Department  of 
Physics  and  Measurement  Technology,  Linkdping  Institute  of  technology, 
S-581  83  Linkdping,  Swenden 


Electrically  conducting  polymer  composite  films  have  been  synthesized  by 
the  exposure  of  poly(4-vtnylpyridine)  complexed  with  cupric  ions  to  pyrrole 
and  water  vapour.  In  order  to  immobilize  optimum  amount  of  the  oxidant 
inside  the  polymer  matrix,  the  ratio  of  poly(4-vinylpyridine)/cupric  ion 


=  1.8  was  chosen.  Polypyrrole  was  formed  into  this  tailored  structure  by  a 
template  polymerization  process. 

Opaque  polymer  composite  films  with  electrical  conductivity  up  to  60 
(flcm)'1  have  been  obtained  by  this  method.  However,  slightly  coloured 
transparent  composite  thin  films  with  a  conductivity  as  high  as  50  (flcm)-1 
were  also  produced. 

The  electrically  conducting  polymer  composite  films  and  the  tailored 
complexed  polymer  have  been  characterized  by  XPS  and  IR  spectroscopy, 
elemental  analysis,  EDX  and  scanning  electron  microscopy.  The 
polymerization  process  was  also  followed  by  the  use  of  a  quartz  crystal 
microbalance. 

06.9 

MIXED  ALKALI-ALKALINE  EARTH  METAL  PERCHLORATE 
POLYETHER  COMPLEXED  COMPOSITE  POLYMER 
ELECTROLYTES  :  INVESTIGATION  OF  STRUCTURAL  AND 
TRANSPORT  PROPERTIES.  A.  N.  DURC.A  RANI.  Department 
of  Physlcs,lndian  Institute  of  Technology,  Madras-600036, 
India  and  P.  SATHYA  SAINATH  PRASAD,  Corrosion 
Research  Center,  Department  of  Chemical  Engineering  & 
Material  Science,  University  of  Minnesota,  Minneapolis, 
MN-55455,  U.S.A. 

Solid  polymer  electrolytes  of  the  type  (1-x)LiCI04-xM(CI04)2  (where  M  is 

an  alkaline  earth  metal)  in  the  composition  range  0.05  <  x  <  0.5  have  been 
prepared  by  dissolving  the  alkali-alkaline  earth  perchlorate  mixtures  in 
acetonitrile  and  adding  polyethylene  oxide  (PEO)  to  the  solution  in  the  O/Li 
ratio  of  12:1  and  8:1.  In  these  systems  the  complexation  was  accompanied 
by  a  considerable  degree  ol  ionic  association  and  at  low  mixing  levels,  the 
complexes  showed  enhanced  ionic  conductivity  when  compared  to  pure 
LICI04(PE0)g  at  room  temperature.  It  is  assumed  that  the  heavier  alkaline 
eanh  metal  atoms  act  as  dopants  in  creating  defect  structured  composite 
polymers,  where  lest  lithium  ion  conduction  could  be  possible.  At  high  mixing 
levels,  the  complexes  exhibit  low  ionic  conductivity  values  and  it  is  assumed 
lhai  coionic  conduction. 

a.c  conductivity  studies  on  these  polymer  electrolytes  showed  a  dependance 
on  both  dopant  concentration  and  temperature.  Room  temperature 
conductivities  for  some  eeleclive  composilions  were  around  10'®  -  10' 5 
S/cm  and  the  observed  non-Arrhenius  behaviour  was  analysed  using  the 
Vogel-Tammann-Fuicher  equation  and  interpreted  on  the  basis  of  the  detect 
structure  mechanisms  in  composite  polymers. 

Preliminary  results  on  the  structural  aspects  indicate  the  existence  ol 
octahedral  and  tetrahedral  structures  ol  alkaline  earth  metal  cations  with 
traces  of  weter  that  is  absorbed  by  the  hygroscopic  perchlorates  in  the 
process  of  sample  preparation. 

07.1 

Diblock  Copolymers  at  Interfaces*  Peter  F.  Green.  Sandia 
National  Laboratories,  Albuquerque  N.M.  87185-5800 

In  multicomponent  systems,  such  as  diblock  copolymers  and  polymer 
blends,  the  average  composition  in  the  vicinity  of  an  interface  differs 
from  the  bulk  composition.  In  the  special  case  of  a  free  surface  the 
lower  surface  energy  component  is  preferentially  located  at  the 
surface.  Using  different  techniques  we  have  investigated  the 
interfacial  properties  of  a  series  of  symmetric  diblock  copolymers  of 
polystyrene  (PS)  and  polymethylmethacrylate  (PMMA).  Some  of 
these  copolymers  were  weakly  segregated  while  others  were  highly 
segregated.  Under  equilibrium  conditions  secondary  ion  mass 
spectroscopy  (SIMS)  showed  that  the  copolymer  bulk  microstructure 
was  organised  such  that  the  PS  and  PMMA  lamellae  were  parallel  to 
the  free  surface;  the  polystyrene  component  was  preferentially  located 
at  the  free  surface  and  the  polymethylmethacrylate  phase  was 
preferentially  located  at  the  substrate  (silicon)  copolymer  interface. 
X-ray  photoelectron  spectroscopy  (XPS)  measurements  indicate  that 
for  the  highly  segregated  copolymers  the  surface  was  composed  only 
of  and  for  the  copolymers  in  the  weak  segregation  limit  the  surface 
was  composed  of  both  PS  and  PMMA.  The  use  of  solvents  was 
shown  to  dramatically  alter  the  surface  composition  and  the 
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organization  of  the  bulk  microstnicture.  We  also  investigated  the 
interfacial  activity  of  PS/PMMA  copolymers  in  immiscible  blends  of 
PS  and  PMMA  and  at  polymer  metal  interfaces  using  an  ion  beam 
analysis  technique,  elastic  recoil  detection  (ERD).  The  interfacial 
activity  was  seen  to  be  influenced  considerably  by  the  degree  of 
compatibility  of  the  copolymer  and  its  composition.  These  findings 
will  be  discussed  in  light  of  mean  field  theory. 

•This  work,  performed  at  Sandia  National  Laboratories,  was 
supported  by  the  U.S.  Department  of  Energy  under  contract  number 
DE-A004-76DP00789 
07.2 

Short  time  relaxation  at  polymeric  interfaces,  A.  Karim. 
A.  Mansour.  G.P.  Felcher,  Argonne  National  Laboratory,  T.  P. 
Russell.  Almaden  Research  Center. 

Neutron  reflection  has  been  used  to  study  the 
interdiffusion  in  polymer  melts  of  high  molecular  weight 
polystyrene  (PS)  and  deuterated  polystyrene  (d-PS).  Bilaye'red 
samples  of  PS  and  d-PS  were  annealed  at  temperatures 
between  the  glass  transition  temperature,  100C,  and  140C.  For 
all  annealing  temperatures  the  interface  showed  a  rapid 
initial  broadening  over  distances  up  to  80A,  followed  by  a 
much  slower  diffusion  process  at  longer  times.  The  faster 
process  could  only  be  followed  in  detail  at  temperatures  very 
close  to  Tg.  where  the  time  scale  is  of  the  order  of  few  minutes. 
This  process  seems  to  be  related  to  the  relaxation  of  the  Rouse 
segments  of  the  polymer  chains  at  the  interface,  with  a 
characteristic  time  tg 1 2  associated  with  the  relaxation  of  the 
polymer  chain  within  the  tube,  but  without  a  large  scale 
spatial  displacement  of  the  entire  polymer  chain. 
Furthermore,  the  temperature  dependence  of  rg  is  described 
by  the  emperical  WLF  scaling  law. 

1.  C.W.  Lantman,  J.F.  Tassin,  P.  Sergot,  L.  Monnerie, 
Macromolecules,  22,  483  (1989) 


07.4 

Interdiffusion  and  interfacial  motion  in  polymer  bitayers,  T.P. 
Russell. IBM-Almaden  Research  Center,  A.  Karim,  A.  Mansour. 
G.P  Felcher  ,  Argonne  National  Lab. 

Neutron  reflection  has  been  used  to  study  the  interdiffusion 
in  bilayers  of  protonated  and  deuterated  polystyrene  of  high 
molecular  weight.  Samples  with  molecular  weight  ratios 
ranging  from  1:1  to  1:30  were  annealed  at  different 
temperatures  above  the  glass  transition.  The  interdiffusion  of 
species  with  different  molecular  weight  causes  a  broadening 
of  the  interface  which  is  consistent  with  an  asymmetric 
distribution  of  density  for  a  molecular  weight  ratio  larger 
than  1:2.  At  the  same  time,  the  ’interface1’  (which  as  seen  by 
neutron  reflection  is  defined  as  the  position  of  maximum 
concentration  gradient)  moves  during  annealing,  with  a 
motion  more  pronounced  the  larger  the  difference  in 
molecular  weights.  In  a  systematic  scries  of  measurements 
after  different  annealing  times  t,  the  interface  motion  was 
found  to  follow  the  predicted'  macroscopic  t®-^  behaviour 
even  for  distances  less  than  radius  of  gyration  of  the  lighter 
species. 

I.  P.F.  Green.  C.J.  Palmstrom,  J.W.  Mayer,  and  E.J.  Kramer, 
Macromolecules  13,  880  (1980). 

07.5 

X-RAY  REFLECTIVITY  AND  FLOURESCENCE  MEASUREMENTS 
FROM  POLYSTYRENE-CO-BROMOSTYRENE/POLYSTYRENE 
BLENDS ■ 

J.  Sokolov,  M.H.  Rafailovich,  X.  Zhao,  Queens 
College,  W.B.  Yun,  Argonne  National  Laboratory, 
R.A.L.  Jones,  E.J.  Kramer,  Cornell  University, 
R.J.  Composto,  Univ.of  Mass,  at  Amherst  and 

B.  Arun,  Brooklyn  College. 


07.3 

NEUTRON  REFLECTION  STUDY  OF  SURFACE  ENRICHMENT  IN  AN 
ISOTOPIC  POLYMER  BLEND.  R.A.L.  Jones,  L-  Norton, 

E.J.  Kramer,  Cornell  Univ. ,  R.J.  Composto,  R.S.  Stein, 
Univ.  of  Massachusetts,  T.P.  Russell,  IBM  San  Jose, 

G.P. Felcher,  A.  Mansour  and  A.  Karim,  Argonne  National 
Laboratory. 

Ve  have  measured  neutron  reflectivities  from  films  of 
blends  of  deuterated  polystyrene  (d-PS)  and  protonated 
polystyrene  (PS)  before  and  after  annealing,  and  used 
the  results  to  determine  the  concentration  versus  depth 
profile  of  the  films.  After  annealing,  the  surface 
appears  to  be  enriched  in  d-PS,  vith  a  surface  excess 
proportional  to  the  bulk  concentration  of  d-PS,  in 
agreement  vith  previous  measurements  using  forvard 
recoil  spectrometry'.  The  decay  of  the  enhanced 
concentration  into  the  bulk  is  over  a  length  equal  to 
approximately  the  bulk  correlation  length  (~200  A),  in 
close  agreement  vith  that  predicted  by  current  mean- 
field  theories^.  Rovever  the  detailed  decrease  of  the 
d-PS  enrichment  close  to  the  surface  does  not  follov  the 
theory:  while  an  almost  exponential  decay  is  predicted, 
the  neutron  reflection  experiments  show  that  the  initial 
decay  is  a  veaker  function  of  depth  over  the  first  SO  A. 

1.  Jones,  Kramer,  Rafailovich,  Sokolov,  Schvartz,  PRL  62, 
280  (1989) 

2.  I.  Schmidt  and  K.  Binder,  J.  Physique  46,1631  (1983) 


We  have  measured  the  x-ray  reflectivity  and 
flourescence  from  blends  of  hydrogenated 
polystyrene  (PS)  and  polystyrene-co-bromostyrene 
(PBr„S)  of  molecular  weights  raning  from  9.2K  to 
1.9M.  The  PBr„S  was  prepared  according  to  the 
procedure  of  Kambour  and  Bendler1.  The  degree  of 
bromination,  x,  was  varied  to  control  the 
miscibility  of  the  blends.  Highly  immiscible 
blends(x  >  0.8)  were  used  to  measure  properties 
at  sharp  interfaces,  while  partially  miscible 
blends  (x  <  0.2)  were  used  to  study  segregation 
to  surfaces  in  thin  films.  The  lower  surface 
energy  component,  PS,  was  enriched  at  the  air- 
polymer  interface.  The  PBr„S  component  segregated 
to  the  Si  surface  forming  a  layer  approximately 
200A  wide.  Detailed  analysis  of  the  results  in 
terms  of  current  mean  field  theories  will  be 
presented . 


1.  R.P.  Kambour  and  J.T.  Bander  Macromolecules 
12  (1986)  2679. 


37.6 

SURFACE  MODIFICATION  AND  SURFACE  SEGREGATION 
■ROPERTIES  OF  BLOCK  COPOLYMERS  £,  ParMHHtfC.  M.  Ttrre». 
Jniversity  of  Minnesota,  Minneapolis,  MN,  H.  Watanabc,  Osaka 

Inivmitv.  Ouki.  Janan 


Block  copolymers  can  be  used  as  interfacial  agents  to  compatibihze  and 
modify  heterogeneous  material  blends.  As  such,  they  can  be  used  in  such 
disparate  areas  as  stabilizing  colloidal  dispersions  and  strengthening 
composite  materials.  We  have  been  studying  the  properties  of  thin  layers  of 
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block  copolymers  which  have  been  deposited  by  adsorption  or  spin-casting 
techniques.  The  purpose  of  this  work  has  been  to  study  the  effect  of  the 
block  copolymers  on  the  interfacial  properties  of  the  system,  and  also  how 
the  interface  affects  the  molecular  configuration  and  morphology  of  the 
block  copolymers  near  the  interface.  Block  copolymers  of  styrene, 
isoprene  and  vinyl  pyridine  of  various  molecular  weights  have  been 
synthesized  by  living  anionic  polymerization.  The  experimental  techniques 
used  to  study  these  thin  films  include  angle-resolved  XPS,  variable  angle 
ellipsometry,  radiotracer  analysis  and  other  techniques.  The  experimental 
results  can  in  part  be  explained  by  a  self-consistent  field  analysis  of  these 
model  systems. 

07.7 

INTCRFACIAL  SEGREGATION  EFFECTS  IN  MIXTURES  OF 
IIOMOPOLYMERS  WITH  COPOLYMERS.  Vijav  S.  Wakharkar, 
Thomas  P.  Russell  and  Vaughn  R.  Deline,  IBM  Research  Division, 
Almaden  Research  Center,  San  Jose,  CA  95120. 

Secondary  Ion  Mass  Spectroscopy  (SIMS)  has  been  used  to  study  the 
surface  and  interfacial  segregation  of  diblock  copolymers  in  mixtures 
of  the  copolymer  in  the  homopolymer.  Symmetric,  diblock  copolymers 
of  polystyrene  (PS)  and  poly(mcthyl  methacrylate)  (PMMA),  with  ei¬ 
ther  the  PS  or  the  PMMA  homopolvmers  were  investigated.  In  order 
to  serve  as  a  label  in  the  SIMS  measurements  either  block  of  the 
copolymer  or  the  homopolvmer  is  perdeuterated.  Films  cast  from 
toluene  solution  onto  silicon  wafers  were  annealed  above  the  glass 
transition  temperature  of  either  component.  SI  MS  depth  profiles  were 
then  obtained  with  an  effective  depth  resolution  of  ca.  I25A0.  It  was 
found  that  in  mixtures  of  the  copolymer  with  the  PS  homopolvmer 
surface  enrichment  of  the  copolymer  as  well  as  segregation  of  the 
copolymer  to  the  polymer/Si  interface  occurs.  Prior  to  attaining 
equilibrium,  the  surface  enrichment  is  accompanied  by  a  prominiem 
depletion  of  the  copolymer  beneath  the  surface.  The  surface  excess 
increases  as  the  bulk  volume  fraction  of  the  copolymer  in  the  mixture 
is  increased  from  1%  to  10%.  The  time  dependence  of  the  surface 
enrichment  was  followed  over  a  wide  range  of  annealing  times.  At 
sufficiently  long  annealing  times  the  concentration  of  the  copolymer 
in  the  bulk  of  the  film  is  quite  low  ,  the  copolymer  non-  being  present 
either  at  the  air'polvmer  interface  or  at  the  polvmer.'Si  interface.  The 
kinetics  of  the  segregation  process  was  found  to  be  diffusion  con¬ 
trolled.  These  segregation  effects  were  found  over  a  whole  range  of 
molecular  weights  of  the  homopolvmer. 

07.8 

A  HEW  VARIABLE  ANGLE  FT-IR  ELLI PSOMETER . 

J  L  Stehle,  J  H  Lecat.  J  P  Piel,  O  Thonas,  P  Ev- 
rard,  SOPRA,  26/68  rue  Pierre  Joigneaux,  92270 
Bois-Colombes,  FRANCE.  L  C  Hammond,  ARIES/QEI,  5A1 
Damonmill  Square,  Concord  HA  01742,  USA. 

Use  of  a  Fourier-transform  interferometer  in¬ 
tegrated  with  a  variable  incidence  angle  ellip- 
someter  extends  the  spectral  range  and 
capabilities  of  spectroscopic  ellipsometry  into 
the  infrared.  With  a  spectral  range  of  600  to 
6000  cm-1.  Thick  layers,  such  as  epitaxial  doped 
layers  and  polymers,  can  be  analyzed. 

A  full  description  of  this  novel  instrument  will 
be  given.  Incidence  angle  can  be  varied  automati¬ 
cally  to  enhance  signal/noise  and  the  ellip- 
sometric  data  can  be  obtained  together  with  vibra¬ 
tional  absorption  bands  information  to  give  a 
characteristic  'fingerprint'  of  the  layers. 

Examples  of  spectra  of  HCN  polymer  on  nickel,  DMHS 
on  aluminum  and  PMMA  on  silicon  will  be  presented 
for  various  incidence  angles  and  layer  thick¬ 
nesses  . 

07.9 

POLYMER  MOLECULES  AT  INTERFACES:  STUDIES  BY  SMALL-ANCLE 
NEUTRON  SCATTERING.  U.C  For.n.n  and  B.E.  Lacihaw,  Depart - 
aent  of  Chemical  Engineering,  University  of  Pennsylvania, 
Philadelphia,  PA.,  and  D.T.  Uu,  The  Marshall  Laboratory  of 
the  duPont  Company,  Philadelphia,  FA. 


The  nature  of  polymer  molecules  at  the  polymer -substrate 
Interface  plays  an  important  role  in  determining  the 
properties  of  composites.  Small-angle  neutron  scattering 
holds  the  potential  for  comparing  the  conformation  of 
macromolecules  in  the  interface  to  their  conformation  in  the 
bulk.1*'  This  paper  describes  experiments  performed  for 
chat  purpose. 

The  substrate  was  nearly-monodlsperse  2000  k  silica  par¬ 
ticles,  both  bare  and  with  grafted  poly(butyl  methacrylate). 
The  particles  were  dispersed  in  Isopropyl  alcohol  (IPA). 

Scattering  experiments  were  done  at  Brookhaven  National 
Laboratory,  we  used  mixtures  of  hydrogenous  and  deuterated 
IPA  for  contrast  variation  measurements.  Particle  concen¬ 
trations  were  1%,  S%  and  10%  by  volume.  The  scattered 
intensities  (after  correcting  for  background  scattering) 
were  directly  proportional  to  the  particle  concentration. 

Ve  took  this  to  mean  that  there  is  no  contribution  to  the 
scattered  intensity  from  interparticle  Interference  over  our 
range  of  experimental  scattering  angles.  This  is  to  be 
expected  for  particles  as  large  as  2000  k. 

All  the  dispersions  gave  excellent  slgnal-to-noise 
ratio.  The  difference  between  scattered  intensities  for 
bare  particles  and  particles  with  grafted  polymer  could  be 
interpreted  in  terms  of  the  density  profile  of  the  grafted 
polymer  segments  in  the  Interface. 

07.10 

MECHANICALLY  INDUCED  S1LICA-SILOXANE  MIXTURES. 
STRUCTURE  OF  THE  ADSORBED  LAYER  AND  PROPERTIES 
OF  THE  NETWORK  STRUCTURE. 

J.  P.  Cohcn-Addad,  Laboratoire  de  Spectrometrie  Physique,  B.P.  87, 
38402,  St.  Martin  d’heres,  France. 

The  mechanical  mixing  of  silica  particles  with  siloxane  chains  in  a 
melt  induces  an  adsorption  process  of  chains  upon  the  silica  surface. 
This  effect  obeys  a  specific  kinetics.  The  amount  of  polymer  Q, 
bound  to  silica  through  H-bonds  is  found  to  obey  the  law:  Qr  =  aMn 
8  (square  root  of  Mn)  with  Mn  ranging  from  2000  to  360000  g/mole. 
An  interpretation  of  this  law  is  given.  It  is  illustrated  from  NMR 
investigations.  A  network  structure  is  formed  when  the  concentration 
of  silica  is  high  enough;  mineral  particles  are  connected  to  one 
another  by  polymer  chains.  An  interpretation  of  swelling  and 
stretching  properties  is  given. 

07.11 

THE  EFFECT  OF  MASKED  ISOCYANATES  ON  THE 
MECHANICAL  PROPERTIES  OF  MY  720/DDS  EPOXY  RESIN. 

N.  Rungsimuntakul ,  R,  E.  Fornes,  and  R.  D. 
Gilbert,  North  Carolina  State  University, 
Raleigh,  NC  27695 


The  mechanical  properties  of  epoxy  resins  and 
epoxy  resin/graphite  fiber  composites  are  reduced 
by  moisture  absorption.  Blocking  of  the  residual 
functional  groups  in  the  cured  MY  720/DDS  epoxy 
resin  significantly  (*75%)  lowers  the  equilibrium 
moisture  absorption.  Incorporation  of  masked 
isocyanates  that  deblock  to  release  isocyanates 
in  situ  at  the  cure  temperatures  (150-177°C)  also 
reduce  the  equilibrium  moisture  absorption  by 
*70%.  Dynamic  mechanical  analyses  and  stress 
strain  properties  of  the  epoxy  resins  containing 
a  number  of  masked  isocyanates  were  studied  to 
determine  their  effect  on  mechanical  properties. 
The  ultimate  Tg  of  the  epoxy  is  reduced  by 
incorporation  of  masked  isocyanate  but  not  the 
actual  Tg  the  dynamic  moduli  up  to  the  Tg  are 
relatively  unaffected.  Generally,  the  initial 
modulus,  elongation  at  break  and  peak  stress  are 
equal  or  better  than  the  unmodified  resin. 
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07.12 


A  STUDY  OF  SHORT  METAL  FIBER  REINFORCED  COMPOSITE  MATERIALS 


Ov*r  th«  years,  the  conventional  involvement  of  short  fiber 
reinforced  composites  in  electrical  applications  has  been  as 
electrical  insulation-  Contrary  to  this  approach,  with  the 
increasing  need  of  better  electromagnetic  interference  (EMI) 
shielding  and  control  of  electrostatic  charge  Distribution  (ESD) 
for  computer,  defense  and  some  high  tech  structural  components,  it 
is  expected  that  the  development  ot  conductive  polymeric  composite 
materials  will  grow  strongly  and  significantly. 

Althrough  they  can  ba  used  to  replace  some  traditional 
materials,  the  deformation  behavior  of  such  short  fiber  reinforced 
composites  have  led  to  greater  problems  at  the  design  and 
application  stages.  Stress  concentration  at  short  fiber  ends  is 
often  ot  the  major  concern.  Fracture  in  such  composites  where  the 
damage  will  be  initiated  or  accumulated  is  generally  difficult  to 
be  predicted.  An  experimental  investigation  is  thertore  carefully 
designed  and  undertaken  to  systematically  evaluate  the  mechanical 
properties  as  well  as  electrical  properties.  In  this  study, 
chopped  Inconel  601  (nickel  based)  metal  fiber  with  various  lengths 
will  be  used  to  reinforce  commercially  available  thermoset 
polyester  resin.  Mechanical  testing  such  as  tensile,  impact,  and 
flexure  tests  along  with  electrical  measurements  will  be  conducted 
to  study  the  feasibility  of  using  such  composites.  Fractographic 
examination  by  means  of  optical  microscopy  and  scanning  electron 
microsopy  will  be  employed  to  help  understand  the  fracture  behavior 
and  possible  failure  causes.  The  advantages  and  limitations  of 
applying  short  metal  fiber  reinforced  polymeric  composites  will 
further  be  addressed  and  discussed. 


08.1 

deformation  behaviors  of  polymer  gels  in  electric 

FIELD-  T-  Eli  ranch  i.  T.  Shiga,  Y.  Hirosn  and  A. 
Okada,  TOYOTA  Central  Research  and  Development 
Laboratories,  Inc..  Nagakute,  Aichi .  Japan. 

Polymer  gels,  "solid-liquid  coexistant  materials", 
can  be  called  to  be  "biomimetic  materials” 
t>ecause  they  consist  of  crossl  inked  polymer 
networks,  ions  and  low  molecules  such  as  water. 
They  must,  therefore,  have  various  possibilities 
as  advanced  functional  polymers  which  can  fulfill 
complicated  and  useful  system  functions.  Polymer 
gels,  "solid-liquid  coexistant  materials"  may  be 
the  fifth  material  after  metals,  ceramics, 
polymers  and  composites. 

Acrylic  acid-acrylamide  copolymer  gels  (PAA  gels) 
swollen  in  water  show  three  types  of  deformation 
under  the  influence  of  d.c.  electric  field  in  a 
solution  ;  shrinking,  swelling  and  bending.  The 
type  of  deformation  is  determined  on  the  fraction 
of  sodium  acrylate  in  a  PAA  gel .  the  shape  of  the 
PAA  gel  and  how  to  set  the  gel  between  the  anode 
and  the  cathode.  When  a  rectangular  gel  is  set 
parallel  to  the  electrodes  and  d.c.  field  is 
applied  to  it.  the  bending  can  be  observed.  The 
bending  speed  of  the  PAA  gel  depends  on  the 
intensity  of  the  applied  electric  field,  the 
concentration  of  a  salt  in  the  solution  and 
polyion  in  the  gel. 

The  PVA-PAA  gel  (an  IPN  gel  composed  of  polyvinyl 
alcohol )  has  high  mechanical  strength  and  the 
bending  speed  is  equal  to  that  of  the  PAA  gel.  It 
was  applied  to  "robotic  finger”,  which  can  pick 
up  a  fragile  egg  in  safety.  "Gel  fish”  was  also 
made  from  the  PVA-PAA  gel.  It  can  swim  in  water 
at  the  speed  of  about  2  cm/s  by  appling  the 
alternative  field. 

08.2 

BIAXIAL  EXTRUSION  Of  P0LYZNI0E  LABC-TBI  £  LARC-TPI  BLBQt 

liuKl  extrusion  of  mat  UK-WI  polylxida  and  LABC-TPI 
Liquid  CiyiUlliM  Polymax  ILC»>  blondi  ««  invsstigatsd  a* 
a  part  of  an  ongoing  Bhaaa  II  BBSS  program  fun dad  by  tha 
National  Aaronautica  and  ipaca  Adialniatration  (NASA)  at  tha 
Langlay  raaaaxch  cantar. 

Pllaa  of'naat  LABC-CTI  and  LABC-T9X  /  LCS  bland*  vittyiominal 
thicknaaaaa  o t  0.001*  and  0.002*  with  oriantatlen  of  -  S  and 


♦30  dagraaa  with  xaapoet  to  tha  machina  diraction  waxa  biaxially 
axtxudtd  ualng  roatax  Millar 'a  propxiataxy  axtnialon  taehniqua. 
normal,  mechanical,  and  physical  oharaetariaatlon  of  tha 
axtrudataa  vara  earriad  out.  Xaaulta  ravaalad  that  LASC-TPI  poly 
lmlde  can  ba  axtrudad  into  biaxially  oriantad  f ilaia  with  ralativa 
aaaa.  Tha  naat  1ARC-OTI  filma  vara  bxittla.  Incorporation  of  up 
to  20  paxeant  by  weight  of  an  LCP  hovavar,  mada  tha  polyin Ida 
sort  pxocaaaibla  and  raducad  tha  eoafficiant  of  thaxmal  ax- 
pan  a  ion  (CTE)  by  graatar  than  20  paxeant.  Tha  processing  and 
propartiaa  of  tha  axtrudataa  will  ba  diocuaaad. 

08.3 

THE  PROPERTIES  OF  RUBPER-CRUMB  TOUGHENED  POLYSTYRENE  C0M- 
F0 SITES  OBTAINED  THROUGH  REINFORCING  REACTION  MOULDING 
KeCheng  Gongj  And  Long-rui  Zhong;  Department  of  Polymer 
Science,  South  China  University  of  Technology,  Guangzhou, 
F.R. China. 

The  rubber  crumb  toughened  PS  composites  were  prepared  by 
reinforcing  reaction  moulding. (RRK)  It  is  found  that  the 
impact  strength  and  freak  elongation  of  the  RRM  composite 
increase  more  remarkably  with  the  increasing  of  crumb  con¬ 
tent,  and  they  can  be  10  times  greater  than  those  of  pure 
FS  when  crumb  content  is  42#,  Still,  tensil  strength  and 
bend  strength  retain  ?0#  of  that  of  PS  material.  The  HUM 
is  better  than  mechanical  blending  in  improving  the  mech¬ 
anical  properites  of  compoeite  materials. 

Tie  crumb  granularity  and  its  distribution  have  great 
influences  on  the  properties.  Fig.?  shows  that  the  impact 
strength  is  the  greatest  at  the  crumb  granularity  of  40 
leshes,  this  is  in  comliance  with  Tuchman  A  Roson' s  result. 

''he  analysis  of  dynamic  mechanical  performance  figures 
reveals  that  there  exists  a  complicated  crosslinking  net¬ 
work  in  the  RRM  composites  and  this  structural  characteri¬ 
stic  is  one  of  the  necessities  for  high-impact  tough 
olymer  materials. 

08.4 

FOURIER  TRANSFORM  RAMAN  STUDIES  OF  SFMIILFXI- 
Bl,l:  FLUOROCARBON  CHAINS  CONTAINING  AN 

AROMATIC  CORF.  A.  Schulte  .  V.  Hallmark.  R.  Twice.  K.  Song 
and  J.  F.  Raboll,  IBM  Research  Division,  Almadcn  Research  Center. 

San  Jose,  CA  95120. 

The  molecular  structures  of  a  scries  of  pcrduoroalkanc  oligomers  hav¬ 
ing  two  F(CF2)n  chains  attached  to  a  phenyl  group  in  the  para  posi¬ 
tion  have  been  characterized  by  FT  and  conventional  Raman 
spectroscopy  at  arr  ient  and  low  temperatures.  From  comparison 
with  model  comp  inds  hands  attributable  to  both  the  substituted 
phenyl  ring  and  the  pcrlluoroalkane  chains  could  be  assigned. 

In  particular,  an  intense  low  frequency  vibration  observed  around  90 
cm'1  has  been  found  to  undergo  a  50  cm''  shift  to  higher  frequency 
when  the  temperature  is  lowered  to  -T0*C.  Evidence  indicates  that  this 
band  is  attributable  to  a  librational  motion  of  the  phenyl  ring  which 
is  reduced  in  amplitude  upon  contraction  of  the  lattice  at  low  temper¬ 
ature. 

In  addition,  Raman  spectroscopy  using  a  diamond  anvil  cell  shows 
that  the  fluorocarbon  chains  containing  an  aromatic  core  exhibit  dif¬ 
ferent  behavior  than  fluorinatcd  alkanes  with  respect  to  the  high  pres¬ 
sure  phase  transition. 
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08.5 

THE  EFFECT  OF  LOW  POWER  AMMONIA  AND  NITROGEN 
PLASMAS  PN  CARBON  FIBRE  SURFACES. »C.Joncs.  National 
Centre  for  Composite  Materials  Research,  University  of  Illinois,  Urbana, 
Illinois  61 801, and  E.Sammann,  Materials  Research  Laboratory, 
University  of  Illinois,  Urbana,  Illinois  61801(*currently  at  IRC,  Dept,  of 
Physics,  Liverpool  University,  Liverpool,  England). 

The  effect  of  low  power  nitrogen  and  ammonia  plasmas  (<  1 W)  on  carbon 
fibre  surfaces  has  been  studied  using  XPS  and  SEM.  A  comparison  is 
made  between  between  two  PAN  based  fibres ,  a  pitch  based  fibre,  and 
single  crystal  graphite.  Grazing  angle  techniques  have  been  used  to  probe 
only  the  first  12-15  A  of  the  fibre  surface.  Plasma  treatments  were  carried 
out  in  an  insitu  plasma  treatment  cell  which  was  attached  to  a  PHI  5400 
X-ray  photoelectron  spectrometer.  This  enabled  the  immediate  effects  of 
the  plasma  to  be  studied  before  the  treated  surface  was  exposed  to  air.Both 
nitrogen  and  ammonia  plasma  treatments  were  successful  in  introducing 
amine  functionality  onto  the  fibre  surface.  Aliphatic  and  aromatic  amine 
groups  were  detected.  By  comparing  data  collected  at  surface  and  bulk 
sensitive  angles  from  the  lower  modulus  PAN  based  fibres  treated  with  an 
ammonia  plasma,  the  aliphatic  amines  were  present  at  a  greater  depth  that 
those  attached  to  an  aromatic  ring.  This  was  not  true  for  fibres  treated  with 
a  nitrogen  plasma  where  the  ratio  of  aliphatic  to  aromatic  amines  remained 
constant.  Ammonia  plasmas  also  proved  successful  in  removing  all  the 
oxygen  containing  species  from  the  fibre  surface.  The  higher  modulus 
PAN  based  fibres  were  less  prone  to  attack  by  these  plasmas.  By  biasing 
the  sample  to  a  negative  potential  the  number  of  amine  groups  increased 
dramatically  and  the  chemistry  of  the  surface  became  similar  to  that  of  the 
treated  lower  modulus  fibres.  Pitch  based  fibres  were  less  reluctant  to 
react.  Increasing  the  biasing  potential  to  several  hundred  volts  did  not 
significantly  increase  the  number  of  amine  groups  incorporated  onto  the 
fibre  surface.  It  was  concluded  that  these  groups  adhered  only  to  edge  sites 
and/or  defects  on  the  fibre  surface.  Significant  etching  or  pitting  was  not 
observed  in  SEM  micrographs  of  these  treated  fibre  surface  even  after 
sample  biasing.  Chemical  change  only  occurred  within  the  first  few  layers 
of  the  fibre  and  hence  causing  minimal  damage  to  the  fibre  itself. 

08.6  ABSTRACT  WITHDRAWN 
08.7 

DETERMINATION  OF  PARTICLE  SIZE  OF  A  DISPERSED 
PHASE  WITH  SMALL-ANGLE  X-RAY  SCATTERING.  Frank 
c.  Wilson.  DuPont  Experimental  Station, 
Wilmington,  DE 

Measures  of  median  particle  size  and  particle 
size  distribution  for  one  polymer  dispersed  in 
another  have  been  determined  from  x-ray  scans 
obtained  on  the  ultra-high-resolution  Bonse-Hart 
small-angle  x-ray  diffractometer.  Correlation 
with  electron  microscopy  results  has  been 
excellent.  Depending  upon  the  breadth  of  the 
distribution,  particles  up  to  about  1  micrometer 
in  diameter  have  been  characterized.  The 
technique  bases  the  analysis  on  the  assumption  of 
a  log-normal  particle-size  distribution  and 
characterizes  the  breadth  of  the  distribution 
accordingly. 

For  typical  samples  containing  particles  with 
diameters  ranging  from  200  to  500  micrometers, 
intensity  data  are  gathered  between  0.002  and 
0.16  degrees  2-theta  and  can  be  obtained  in  less 
than  30  minutes.  Analysis  of  the  data  requires 
less  than  10  minutes.  The  analysis  assumes 
Rayleigh  scattering  from  independent  spheres  and 
approximates  this  scattering  with  a  Gaussian  fit 
at  low  angles  and  an  inverse  4th  power  fit  at 
high  angles.  The  matching  of  the  modeled  fit  to 
the  observed  .data  is  done  with  the  invariant 
argument,  h'4  x  1(h).  The  data  acquisition, 
reduction  and  presentation  are  all  carried  out  on 
a  lab-dedicated  Hewlett-Packard  minicomputer. 


08.8 

THERMAL  AND  RHEOLOGICAL  STUDY  OF  A 
THERMOTROPIC  LIQUID  CRYSTALLINE 
POLYMER  H  Fmitwala.  A.  L.  Cimecioglu  and  R.  A.  Weiss 
Polymer  Science  Program  and  Dept,  of  Chemical 
Engineering,  University  of  Connecticut,  Storrs,  CT  06269 

A  detailed  study  on  a  thermotropic  copolyester  based  on 
4,4'-  dihydroxy  ,  a-a'  dimethylbenzalazine  was  carried 
out.  The  soluble,  nematic  copolymer  was  enantiotropic 
and  exhibited  a  relatively  large  mesophase  range  (  -100 
°C).  Differential  scanning  calorimetry  and  thermo- 
gravimetric  analysis  were  used  to  characterize  the 
thermal  transitions  and  thermal  oxidative  stability 
respectively.  The  liquid  crystalline  polymer  has  crys¬ 
talline  to  nematic  (K-N)  and  nematic  to  isotropic  (N-I) 
transitions  at  -155  °C  and  -250  °C  respectively.  The 
transitions  depended  on  the  molecular  weight  and 
thermal  history  of  the  samples.  Heating  the  polymer 
above  the  N-I  transition  significantly  influenced  the 
ability  to  form  a  mesophase.  The  complex  viscosity  (tj*) 
and  the  storage  and  loss  moduli  (G  and  G  )  were  deter¬ 
mined  as  a  function  of  molecular  weight  using  an 
ocillatory  shear  deformation.  Thermal  stability  of  the 
polymers  was  evaluated  as  a  function  of  temperature  and 
annealing  time.  The  polymers  exhibited  good  thermal 
stability  up  to  the  N-I  transition  (  -  250  °C).  Prolonged 
annealing  near  or  above  the  clearing  point  resulted  in 
less  than  1%  weight  loss,  but  about  10%  reduction  in  the 
weight  average  molecular  weight. 

08.9 

BLENDS  OF  POLY(STYRENE-CO-MALEIC  ANHYDRIDE*  WITH  MAIN  CHAIN 
NEMATIC  POLYESTERS  PHASE  BEHAVIOR  AND  MELT  KI1EOLOCY  J  J  Mura, 

K.B  Blumstein,  A  Blumstein.  Polymer  Science  Program.  University  of  Lowell. 

Lowell,  MA  01854,  and  G.  Kharaa.  Polyaar  Inc.,  31  Puller  St.,  Leominster.  MA.. 

01453 

Phaae  behavior  and  rheology  under  conditions  of  oscillatory  shear  were 
investigated  for  thermotropic  main-chain  neinalic  LCP's 

and  their  blends  with  polyfstyrene-co-maleic  anhydride)  (PSMA). 

The  following  structural  parameters  were  varied:  LCP  spacer  length  <n«7 
and  10)  and  molecular  maaa;  PSMA  molecular  mass  and  copolymer  composition 
Blends  containing  up  to  30%  LCP  by  weight  were  prepared  from  solution.  Complex 
viscosity,  loss  and  storage  moduli  were  recorded  in  the  isotropic  and  nematic 
temperature  range  of  the  LCP'a  Strong  negative  deviations  of  melt  viscosity 
relative  to  that  of  both  parent  polymers  were  observed,  with  a  minimum  occunng 
at  low  LCP  eon  centra  ttoas  (below  5%  by  weight).  Results  are  interpreted  in  terms 
of  LCP  domain  sue  and  LCP /PSMA  interactions. 
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OPTICAL  FIBER  MATERIALS  AND  PROCESSING 

November  27-29,  1989 

SESSION  PI:  GENERAL  FIBER  PROCESSING  I 
Chairs:  Peter  C.  Schultz 

Monday  Morning,  November  27 
Essex  North  East  (W) 

8:30  1PJU1 

OVERVIEW  OF  FIBER  OPTIC  MATERIALS  AND 
PROCESSING,  S.R.  Naael .  AT&T  Technologies, 
Engineering  Research  Center,  Princeton,  NJ. 

9:15  1PJU2 

LIGHT  SCATTERING  STUDIES  OF  GAS-PHASE  PART¬ 
ICLE  SYNTHESIS,  Alan  J.  Hurd.  Sandia  Nation¬ 
al  Laboratories,  Division  1152,  Albuquerque, 
NM. 

9:45  PI. 3 

ENTHALPY  OF  MIXING  IN  THE  SYSTEM  SILICA- 
GERMANIA:  COMPARISON  OF  FLAME  HYDROLYSIS 

MATERIAL  TO  nIGH  TEMPERATURE  FUSED  GLASSES, 
p.n.  Maniar  and  A.  Navrotsky,  Princeton 
University,  Department  of  Geological  and 
Geophysical  Sciences,  Princeton,  NJ;  and 
C.W.  Draper,  AT&T  Technologies,  Engineering 
Research  Center,  Princeton,  NJ. 

10:00  PI. 4 

MINIMUM  NUMBER  OF  DEPOSITED  LAYERS  DURING 
PREFORM  PREPARATION  OF  DISPERSION  FLATTENED 
SINGLE  MODE  FIBERS,  U.  Ackerman,  H.  Bauch, 
R .  Th .  Kersten .  U.  Rutze,  Schott  Glaswerke, 
Mainz,  West  Germany. 

10:15  BREAK 

SESSION  P2 :  GENERAL  FIBER  PROCESS  UK?  II 
Chair:  John  B.  MacChesney 

Monday  Morning,  November  27 
Essex  North  (W) 

10:30  *P2 . 1 

SOL-GEL  PROCESSING  FOR  FIBER  OPTIC 
APPLICATIONS,  Ian  M.  Thomas.  University  of 
California,  Lawrence  Livermore  National 
Laboratory,  Livermore,  CA. 

11:00  P2.2 

CONTINUOUS  CASTING  OF  PARTICULATE  SILICA 
GELS,  E.M.  Rabinovich.  K. A.  Jackson  and 
Nonna  A.  Kopylov,  AT&T  Bell  Laboratories, 
Murray  Hill,  NJ. 


♦Invited  Paper 

Short  Course  M-04,  "Optoelectronic  Mater¬ 
ials,  Processes,  and  Devices,"  may  be  of 
interest  to  symposium  attendees.  Details 
regarding  course  dates  and  instructors  are 
provided  in  the  short  course  section  of  this 
program. 


11:15  P2.3 

FLUID  DYNAMICS  INSTABILITIES  IN  DRAWN 
FIBERS,  Charles  Thompson  and  Arun  Mulour. 
University  of  Lowell,  Department  of  Electri¬ 
cal  Engineering,  Laboratory  for  Advanced 
Computation,  Lowell,  MA. 

11:30  P2.4 

THERMAL  MODELING  OF  THE  OPTICAL  FIBER  DRAW¬ 
ING  PROCESS,  Haris  Papamichael  and  Ioannis 
N.  Miaoulis,  Tufts  University,  Mechanical 
Engineering  Department,  Medford,  MA. 

11:45  P2.5 

ACCELERATED  COOLING  OF  OPTICAL  FIBER,  C.E. 
Polvmeropoulos .  V.  Sernas,  and  S.  Kyriacou, 
Rutgers  University,  Department  of  Mechanical 
and  Aerospace  Engineering,  Piscataway,  NJ. 

SESSION  P3 :  FIBER  COATINGS 
Chair:  Rebecca  Lu 

Monday  Afternoon,  November  27 
Essex  North  East  fW) 

1:30  *P3 ■ 1 

DEPOSITION  OF  HERMETIC  CARBON  COATINGS  ON 
SILICA  FIBERS,  R.G.  Huff.  F.V.  DiMarcello, 
A.C.  Hart,  Jr.  and  K.L.  Walker,  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ. 

2:00  P3.2 

SURFACE  TREATMENTS  AND  COATING  MATERIALS  FOR 
SILICA  FIBERS,  Albert  &.  Kruger,  Battelle- 
Pacific  Northwest  Laboratory,  Chemical 
Sciences,  Richland,  WA. 

2:15  PX*2 

CHEMICAL  REACTION  AT  GLASS/LIQUID  INTER¬ 
FACES,  Kim  F.  Ferris  and  Larry  R.  Pederson, 
Pacific  Northwest  Laboratories,  Materials 
and  Chemical  Sciences  Department,  Richland, 
WA. 

2:30  P3.4 

MODEL  STRUCTURE  OF  THE  VITREOUS  SILICA  SUR¬ 
FACE,  B.P.  Feus ton  and  S.H.  Garcfalini, 
Rutgers  University,  Department  of  Ceramics 
and  Institute  for  Engineered  Materials, 
Piscataway,  NJ. 

2:45  R2_^5 

AN  INVESTIGATION  OF  OPTICAL  FIBER  COATING 
PERFORMANCE  IN  EMBEDDED  SENSING  APPLICA¬ 
TIONS,  R.A.  Haaksma  and  M.J.  cehelnik,  Alcoa 
Laboratories,  Surface  Technology  Division, 
Alcoa  Center,  PA;  and  M.J.  Kerkhoff,  Alcoa 
Laboratories,  Equipment  Development  Divi¬ 
sion,  Alcoa  Center,  PA. 

3:00  P3.6 

FABRICATION  OF  OXIDE  GLASS  COATED  FLUORIDE 
GLASS  OPTICAL  FIBERS  FOR  DURABILITY  AND 
STRENGTH  IMPROVEMENT,  Yasutake  Ohishi .  Kazuo 
Fujiura  and  Shiro  Takahashi,  NTT  Corpora¬ 
tion,  NTT  Opto-Electronics  Laboratories, 
Ibaraki,  Japan. 
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3  : 15 


BREAK 

SESSION  P4  :  ENVIRONMENTAL  EFFECTS 
Chair:  Paul  France 
Monday  Afternoon,  November  27 
Essex  North  East  (W) 

3:30  *P4.1 

DIFFUSION  OF  HYDROGEN  THROUGH  HERMETIC 
CARBON  FILMS  ON  SILICA  FIBERS,  P.J.  Lemaire. 
K.S.  Kranz,  K.L.  Walker,  R.G.  Huff  and  F.V. 
DiMarcello,  AT&T  Bell  Laboratories,  Murray 
Hill,  NJ. 

4:00  P4.2 

ELECTRON  PARAMAGNETIC  RESONANCE  STUDY  OF  THE 
HERMETIC,  CARBON  COATED,  OPTICAL  FIBER, 
Darvl  Inniss.  AT&T  Bell  Laboratories,  Murray 
Hill,  NJ. 

4:15  P4.3 

MATERIALS  EFFECTS  ON  THE  RADIATION  SENS¬ 
ITIVITY  OF  SINGLE  MODE  OPTICAL  FIBERS,  E. J. 
Friebele .  C.G.  Askins,  M.E.  Gingerich,  Naval 
Research  Laboratory,  Washington,  DC;  S.J. 
Hickey,  Sachs  Freeman  Associates,  Inc., 
Landover,  MD;  M.A.  Putman,  University  of 
Maryland,  College  Park,  MD;  and  C.M.  Shaw, 
New  York  State  College  of  Ceramics,  Alfred 
University,  Alfred,  NY. 

4:30  P4.4 

EFFECT  OF  FIBER  COMPOSITION  AND  STRESS  ON 
THE  RADIATION  SENSITIVITY  OF  POLARIZATION- 
MAINTAINING  FIBERS,  M.E.  Ginaerich.  Naval 
Research  Laboratory,  Washington,  DC;  S.J. 
Hickey,  C.C.  Harrington,  Sachs  Freeman 
Associates,  Inc.,  Landover,  MD;  E.J. 
Friebele,  Naval  Research  Laboratory, 
Washington,  DC;  and  J.R.  Onstott,  3M  Center, 
St.  Paul,  MN. 

4:45  P4.5 

LUMINESCENCE  MEASUREMENTS  OF  FUSED  SILICA  IN 
THE  PRESENCE  OF  EXCIMER  LASER  RADIATION,  1L. 
Kuzuu .  Nippon  Silica  Glass  Yamaguchi  Comp¬ 
any,  Shin-Nanyo  Plant,  Yamaguchi,  Japan;  Y. 
Komatsu  and  M.  Murahara,  Tokai  University, 
Faculty  of  Engineering,  Kanagawa,  Japan. 

5:00  P4,5 

PHOTOLUMINESCENCE  INDUCED  BY  6.4  eV  PHOTONS 
IN  HIGH  PURITY  SILICA,  T.E.  Tsai  and  H.B. 
Lin,  Geo  Centers  Inc.,  Fort  Washington,  MD; 
E.J.  Friebele,  Naval  Research  Laboratory, 
Washington,  DC. 


SESSION  P5 :  HALIDE  GLASSES  AND  FIBERS 
Chair:  Martin  Drexhage 

Tuesday  Morning,  November  28 
Essex  North  East  (W) 

8:30  *P5 . 1 

SYNTHESIS  AND  CHARACTERIZATION  OF  HEAVY 
METAL  FLUORIDE  GLASSES,  P.W.  France.  S.F. 
Carter,  M.W.  Moore  and  J.R.  Williams, 
British  Telecom  Research  Laboratories, 
Martlesham-Heath ,  Ipswich,  United  Kingdom. 

9:00  P5.2 

PROCESS  ANALYSIS  IN  THE  SYNTHESIS  OF 
FLUOROZIRCONATE  GLASSES,  M.  Braglia,  G. 
Cocito,  M.  Ferraris  and  G.  Parisi,  CSELT, 
Torino,  Italy. 

9:15  P5.3 

EFFECT  OF  COMPOSITIONAL  VARIATIONS  AND 
PROCESSING  ON  THE  OPTICAL  SCATTERING  OF 
ZBLAN  GLASS,  A.E.  Neeves .  W.A.  Reed,  M.Chui- 
Sabourin  and  A.J.  Bruce,  AT&T  Bell  Labora¬ 
tories,  Murray  Hill,  NJ. 

9:30  P5, 4 

ORIGIN  AND  ELIMINATION  OF  SCATTERING  CENTERS 
IN  FLUORIDE  GLASSES  AND  FIBERS,  I ■  Aaaarwal . 
Naval  Research  Laboratory,  Washington,  DC; 
J.S.  Sanghera,  University  of  Virginia, 
Charlottesville,  VA;  B.  Harbison,  L.  Busse 
and  P.  Pureza,  Naval  Research  Laboratory, 
Washington,  DC. 

9:45  P5.5 

FABRICATION  OF  AlF3  BASED  GLASS  FIBERS,  M.R. 
Shahriari ■  T.  Iqbal,  P.R.  Foy  and  G.H. 
Sigel,  Jr.,  Rutgers  University,  Fiber  Optic 
Materials  Research  Program,  Piscataway,  NJ. 

10:00  P5.6 

THE  CHARACTERIZATION  OF  INFRARED  TRANSMIT¬ 
TING  OPTICAL  FIBERS,  R.D.  Driver.  G.M. 
Leskowitz,  L.E.  Curtiss,  D.E.  Moynihan  and 
L.B.  Vacha,  IRIS  Fiber  Optics,  Acton,  MA. 

10:15  P5.7 

DESIGN  PARAMETERS  FOR  FLUORIDE  MULTIMODE 
FIBERS:  EFFECTS  OF  COATING  AND  BENDING  ON 
LOSS,  L.E.  Busse  and  I.D.  Aggarwal,  Naval 
Research  Laboratory,  Washington,  DC. 

10:30  BREAK 

SESSION  P6 :  CHALCOGENIDE  AND 
CHALCPHALIPE  CLASSES 
Chair:  Shiro  Takahashi 
Tuesday  Morning,  November  28 
Essex  North  East  (W) 

10:45  P6.1 

PREPARATION  AND  PROPERTIES  OF  SELENIUM- 
TELLURIUM  BASED  CHALOCOGENIDE  AND  CHAL- 
COHALIDE  GLASS,  M.R.  Tuzzolo.  D.J.  McEnroe 
and  M.G.  Drexhage,  Galileo  Electro-Optics 
Corporation,  Sturbridge,  MA. 
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11:00  P6.2 

STRUCTURAL  PRINCIPLES  IN  NON-OXIDE  CHAL- 
COGENIDE  GLASSES,  Hellmut  Eckert.  David 
Lathrop,  Mark  Drake,  Kelly  Moran  and  Mike 
Tullius,  University  of  California  at  Santa 
Barbara,  Department  of  Chemistry,  Goleta, 
CA. 

11:15  P6.3 

PROPERTY-COMPOSITION  RELATIONSHIP  OF  CHALCO- 
GENIDE  GLASSES  CONTAINING  GERMANIUM,  Jay 

J  •  L. _ Yi  and  Peter  R.  Strutt,  The  University 

of  Connecticut,  Institute  of  Materials 
Science,  Storrs,  CT. 

11:30  P6.4 

TELLURIUM  HALIDE  GLASS  FIBER  FOR  TRANSMIS¬ 
SION  IN  THE  8-12  pm  REGION,  X.H.  Zhang .  G. 
Fonteneau,  H.L.  Ma,  J.  Lucas,  Universite  de 
Rennes,  Laboratoire  de  Chimie  Minerale  D, 
Rennes,  France. 

11:45  P6.5 

NEW  STABLE  IODIDE  GLASSES  IN  THE  Cd-As-I  AND 
Cd-As-Ge-I  SYSTEMS,  Jong  Heo  and  George  H. 
Sigel,  Jr.,  Rutgers  University,  Fiber  Optic 
Materials  Research  Program,  Piscataway,  NJ. 

12:00  P6.6 

STRUCTURAL  STABILITY  OF  TELLURIUM  HALIDE 
GLASSES,  Jav  J.L.  Yi  and  Peter  R.  Strutt, 
The  University  of  Connecticut,  Institute  of 
Materials  Science,  Storrs,  CT. 

SESSION  P6  : _ CHALCOGENIDE  AND 

CHALCOHALIDE  GLASSES 
Chair:  Shiro  Takahashi 
Tuesday  Afternoon,  November  28 
Essex  North  East  (W) 

1:30  P6.7 

LASER  IRRADIATION  STUDIES  OF  IR-TRANSMITTING 
CHALCO-HALI DE  GLASSES,  Jean-Luc  Adam,  Carmen 
Ortiz  and  Jesse  R.  Salem,  IBM  Almaden  Res. 
Center,  San  Jose,  CA;  and  Xiang-Hua  Zhang, 
Universite  de  Rennes,  Rennes,  France. 

1:45  P6.8 

MECHANICAL  STRENGTH  OF  LOW-DIMENSION  GLASS 
FIBERS,  K.A.  Cerqua .  E.C.  Behrman,  and  W.C. 
LaCourse,  New  York  State  College  of  Ceramics 
at  Alfred  University,  Glass  Division, 
Alfred,  NY. 


SESSION  Eli _ POLYMERS  AND 

PLANAR  WAVEGUIDES 
Chair:  Bolesh  Skutnik 
Tuesday  Afternoon,  November  28 
Essex  North  East  (W) 

2:00  *P7 . 1 

ADVANCE  OF  PLASTIC  OPTICAL  FT?LRS ,  Fumio 
Ide,  Mitsubishi  Rayon  Company,  LTD., 
Research  and  Development  Department,  Tokyo, 
Japan;  Takashi  Yamamoto.  Mitsubishi  Rayon 
Company,  LTD.,  Central  Research  Laboratory, 
Hiroshima,  Japan. 

2:30  P7.2 

LOW-LOSS  GI  PLASTIC  OPTICAL  FIBER  AND  NOVEL 
OPTICAL  POLYMERS,  Yasuhiro  Koike  and  Yasuji 
Ohtsuka,  Keio  University,  Yokohama,  Japan. 

2:45  *P7 . 3 

SILICA-BASED  SINGLE-MODE  WAVEGUIDES  AND 
THEIR  APPLICATIONS  TO  INTEGRATED-OPTIC 
DEVICES,  N.  Takato  and  A.  Sugita,  NTT  Cor¬ 
poration,  NTT  Opto-Electronics  Laboratories, 
Ibaraki,  Japan. 

3:15  P7 , 4 

POTENTIAL  APPLICATION  OF  Bi ( Pb ) -Ca-Sr-Cu-0 
GLASSES  FOR  PREPARATION  OF  INTEGRATED  OPTI¬ 
CAL  FIBERS,  Haixina  Zhena  and  J.D.  Macken¬ 
zie,  University  of  Calif ornia-Los  Angeles, 
Department  of  Materials  Science  and  En¬ 
gineering,  Los  Angeles,  CA. 

3:30  BREAK 

SESSION  P8 1 _ CRYSTALLINE  MATERIALS 

Chair:  Moni  Saifi 
Tuesday  Afternoon,  November  28 
Essex  North  East  (W) 

3:45  P8.I 

GROWTH  OF  OPTICAL  QUALITY  SAPPHIRE  SINGLE 
CRYSTAL  FIBERS,  D.H .  Jundt .  M.M.  Fejer  and 
R.L.  Byer,  Stanford  University,  Applied 
Physics  Department,  Stanford,  CA. 

4:00  P8.2 

THE  GROWTH  AND  CHARACTERIZATION  OF  TUNGSTEN 
BRONZE  STRONTIUM  BARIUM  NIOBATE  SINGLE 
CRYSTAL  FIBERS,  Joyce  Yamamoto  and  Amar 
Bhalla,  Pennsylvania  State  University, 
Materials  Research  Laboratory,  University 
Park,  PA. 

4:15  P8.3 

PROTON  EFFECTS  IN  KTiOP04,  P.A.  Morris.  M.K. 
Crawford,  M.G.  Roelofs  and  J.D.  Bierlein, 
E.  I.  duPont  de  Nemours  &  Co.,  Inc.,  Experi¬ 
mental  Station,  Wilmington,  DE;  and  G. 
Gashurov,  Airtron,  Litton  Systems,  Inc., 
Morris  Plains,  NJ. 
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P9.7 


4 : 30  P8.4 

EXTENDED  X-RAY  ABSORPTION  FINE  STRUCTURE 
STUDY  OF  KNBO3 ,  K.H.  Kim.  W.T.  Elam  and  E.F. 
Skelton,  Naval  Research  Laboratory, 
Washington,  DC. 

4:45  P8.5 

ANALYSIS  OF  THERMAL  VARIATION  OF  LENGTH  AND 
REFRACTIVE  INDEX  OF  LEAD  FLUORIDE  TO  STUDY 
ITS  OPTICAL  PROPERTIES,  Tarlok  S.  Aurora. 
Philadelphia  College  of  Pharmacy  and  Sci¬ 
ence,  Department  of  Math  and  Physics,  Phila¬ 
delphia,  PA;  Donald  0.  Pederson,  University 
of  Arkansas,  Department  of  Physics,  Fayette¬ 
ville,  AR;  Stephen  M.  Day,  Miami  University, 
Oxford,  OH. 

SESSION  9:  RARE  EARTH  DOPED  GLASSES 
Chair:  E.  Snitzer 

Wednesday  Morning,  November  29 
Essex  North  East  (W) 

8:30  *P9 . 1 

MATERIALS  AND  PROCESSING  REQUIREMENTS  FOR 
EFFICIENT  FIBER  OPTIC  NONLINEAR  DEVICES, 
R .  H .  Stolen .  AT&T  Bell  Laboratories, 
Holmdel ,  NJ . 

9:00  P9 ■ 2 

CONCENTRATION  AND  DISTRIBUTION  OF  Er  AND  A1 
IN  SILICA-BASED  FIBERS,  D.W.  Oblas.  T.  Wei, 
W.J.  Miniscalco  and  B.T.  Hall,  GTE  Labora¬ 
tories,  Incorporated,  Waltham,  MA. 

9  : 15  P9-3 

APPLICATION-SPECIFIC  OPTICAL  FIBRES  MANU¬ 
FACTURED  FROM  MULTICOMPONENT  GLASSES,  E.R. 
Taylor .  M.  Tachibana,  J.  Wang  and  D.N. 
Payne,  University  of  Southampton,  Optical 
Fibre  Group,  Department  of  Electronics  and 
Computer  Science,  Southampton,  United 
Kingdom. 

9:30  P9.4 

GLASSES  FOR  Er3+-DOPED  FIBER  LASERS  AND 
OPTICAL  AMPLIFIERS,  W.J.  Miniscalco.  L.J. 
Andrews,  S.  Zemon,  B.T.  Hall,  T.  Wei  and 
R.C.  Folweiler,  GTE  Laboratories  Incor¬ 
porated,  Waltham,  MA. 

9:45  P9.5 

EXCITED  STATE  CROSS  SECTIONS  FOR  Er-DOPED 
GLASSES,  S.  Zemon.  G.  Lambert,  W.J. 
Miniscalco,  L.J.  Andrews  and  B.T.  Hall,  GTE 
Laboratories  Incorporated,  Waltham,  MA. 

10:00  BREAK 

10:15  *P9 . 6 

RARE  EARTH  DOPED  FIBERS,  Elias  Snitzer. 
Rutgers  University,  Fiber  Optic  Materials 
Research  Program,  Piscataway,  NJ. 


10:45 

INFRARED  SPECTROSCOPY  OF  PROTONS  IN  KTiOP04, 
M.K,  Crawford.  P.A.  Morris,  M.  Roelofs,  E.I. 
duPont  de  Nemours  &  Co.,  Inc.,  Experimental 
Station,  Wilmington,  DE;  and  G.  Gashurov, 
Airtron,  Litton  Systems,  Inc.,  Morris 
Plains,  NJ. 

11:00  P9.8 

OPTICAL  ABSORPTION  AND  EMISSION  IN  RARE 
EARTH  DOPED  HEAVY  METAL  FLUORIDE  GLASSES,  R^ 
Pafchek .  E.  Snitzer  and  G.H.  Sigel  Jr., 
Rutgers  University,  Fiber  Optic  Materials 
Research  Program,  Piscataway,  NJ. 
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Pl.l  ABSTRACT  NOT  AVAILABLE 
PI.  2 

LIGHT  SCATTERING  STUDIES  OF  GAS-PHASE  PARTICLE  SYNTHESIS. 
Alan  J .  Hurd.  Division  1152,  Sandia  National  Laboratories, 
Albuquerque,  NM  87185-5800 

Although  gas -phase  reactions  for  the  synthesis  of  glass  and 
ceramic  precursor  particles  offer  many  advantages ,  such  as 
high  purity  and  chemical  nonspecificity,  their  products  are 
difficult  to  assess  in  situ.  Here  experiments  employing 
static  and  dynamic  light  scattering  for  two  different 
systems,  flame  and  plasma  reactors,  are  discussed  from  the 
view  of  obtaining  particle  size  and  structure  as  a  function 
of  in  situ  position.  With  static  light  scattering,  the 
conditions  for  probing  particles'  internal  structure  can 
often  be  met,  as  well  as  for  a  model- independent  measure  of 
size.  Aerodynamic  size  and,  in  some  cases,  absolute  mass 
can  be  obtained  from  dynamic  light  scattering;  when  combined 
with  complementary  (ex  situ)  data  from  small-angle  x-ray  or 
neutron  scattering,  a  fairly  complete  picture  of  particle 
morphology  can  be  constructed.  Interpretation  of  selected 
results  will  be  made  by  appealing  to  physical  growth  models. 

This  work  was  performed  in  collaboration  with  William  L. 
Flower,  Dale  W.  Schaefer,  and  Pauline  Ho  and  was  supported 
by  Sandia  National  Laboratories  under  Department  of  Energy 
Contract  No.  DE-AC04- 76-DP00789 . 

PI.  3 

ENTHALPY  OF  MIXING  IN  THE  SYSTEM  SILICA -GERMANIA: 
COMPARISION  OF  FLAME  HYDROLYSIS  MATERIAL  TO  HIGH 
TEMPERATURE  FUSED  GLASSES.  P.  D.  Maniar.  A.  Navrotsky, 
Department  of  Geological  and  Geophysical  Sciences.  Princeton 
University.  Princeton,  NJ  08544;  and  C.W.  Draper,  AT&T, 
Engineering  Research  Center,  Princeton,  N.J.  08540. 

Germania  doped  silica  glasses  are  of  utmost  importance  as 
fiber  optic  material.  We  investigated  the  energetics  of  germania 
doped  silica  prepared  by  flame  hydrolysis  at  800  °C  to 
understand  the  relation  between  structure  and  energetics  and 
its  dependence  on  preparation  conditions.  This  was  done  by 
studying  :  1)  conventional  high  temperature  fused  glasses  2) 
untreated  amorphous  products  of  flame  hydrolysis  and  3)  flame 
hydrolysis  sample  annealed  to  glass  without  melting. 

Heats  of  solution,  at  700  °C  in  molten  lead  borate,  of  fused 
silica-germania  glasses,  containing  0,  23,  26,  45.  74  and  100  mole 
percent  germania,  show  ideal  heats  of  mixing  between  the 
endmembers.  This  indicates  that  the  fused  glasses  behave  in  a 
simple  manner,  with  ideal  substitution  of  Ge  for  Si  in  a 
tetrahedral  framework.  Flame  hydrolysis  samples  (untreated 
and  equivalent  glasses)  containing  0,  3.  23  and  26  mole  percent 
germania  have  heats  of  solution  that  also  plot  on  this  ideal 
mixing  line.  This  suggests  that  the  flame  hydrolysis  material 
and  annealed  glasses  are  energetically  very  similar  to  their 
bulk-melted  counterparts.  This  insentivity  of  energetics  to 
preparation  conditions  is  consistent  with  our  previous  studies 
on  silica  prepared  at  various  temperatures.  It  also  suggests  that 
short  range  order  on  the  scale  of  nearest  and  next  nearest 
neighbour  dominates  the  energetics. 

PI.  4 

MINIMUM  NUMBER  OF  DEPOSITED  LAYERS  DURING  PREFORM 
PREPARATION  OF  DISPERSION  FLATTENED  SINCLE  MODE 
FIBERS,  U.  Ackerman.  H.  Bauch,  R.  Th ,  Kersten,  U. 
Rutze ,  Schott  Glaawerke,  W.  Cermany,  6500  Mainz, 
Hattenbergstr .  10 


The  low  pressure  plasma- impulse-CVD  process  (1)  is  used 
for  preparing  dispersion  flattened  single  mode  (DFSM) 
fibers.  In  contrast  to  other  fiber  manufacturing 
processes,  PICVD  allows  preparation  of  continuously 
designed  refractive  index  profiles.  Dispersion  of 
less  than  3.5ps/(nm  km)  between  1.25ua  and  1.6um  was 
achieved.  Zero  dispersions  of  this  profile  are  at 
1.31um  and  1 . 54um  (2).  In  this  paper  the  minimum 
number  of  layers  necessary  for  preparation  of  such  a 
continuously  shaped  refractive  index  is  discussed. 

(1)  H.  Bauch  et  al.,  Conf.  Proc.  SPIE  1985,  Cannes, 

Vol .  584,  33  (1986) 

(2)  U.  Fotheringham,  Glastech.  Ber.  62,  52  (1989) 

P2.1 

SOL-GEL  PROCESSING  FOR  FIBER  OPTIC  APPLICATIONS*. 

I»n  M.  Thomaj,  University  of  California,  Lawrence 
Livermore  National  Laboratory,  P.0.  Box  5508,  L-490, 
Livermore,  CA. 

The  sol-gel  process  normally  uses  metal  organic  starting 
materials  to  prepare  metal  oxide  products.  Single  or 
mixed  oxides  can  be  prepared  and  these  can  be  In  the  form 
of  bulk  materials,  coatings  or  fibers.  The  process  has 
been  the  subject  of  Investigations  for  many  years,  the 
amount  of  published  material  Is  Increasing  at  an 
accelerating  rate,  and  there  has  been  some 
commercialization. 

In  the  first  part  of  the  talk  I  will  describe  the  sol-gel 
process  In  general  with  particular  emphasis  on  Its 
advantages  and  disadvantages  over  the  more  conventional 
procedures.  In  the  second  part  I  will  concentrate  on  the 
preparation  of  optical  fibers  by  this  method  and  address 
the  progress  that  has  been  made  and  the  problems  that  have 
been  encountered. 


‘Work  performed. under  the  auspices  of  the  U.S.  Department 
of  Energy  by  Lawrence  Livermore  National  Laboratory  under 
Contract  No.  W-7405-ENG-48. 

P2.2 

CONTINUOUS  CASTING  OF  PARTICULATE  SILICA  GELS. 

E.M.  Rabinovich,  K.A.  Jackson,  and  Nonna  A. 
Kopylov,  ATST  Bell  Laboratories,  Murray  Hill, 

N.J. 

Particulate  silica  gels  have  been  uaed  to  pre¬ 
pare  glass  articles  significantly  larger  than 
those  made  by  the  alkoxida  process  unless  an 
autoclava  is  used.  Usually  the  aola  are  caat 
in  stoppered  molds  and  pushed  out  from  the 
mold  after  gelation.  Thia  is  a  slow  process, 
and  so  we  have  carried  out  a  study  into  the 
feasibility  of  transforming  the  batch  process 
into  a  continuous  process.  In  our  process,  the 
sol  is  pumped  from  a  reservoir  by  a  large 
metering  pump,  while  the  gelling  agent  is  added 
by  a  smaller  pump  and  admixed.  The  sol  is 
delivered  into  a  cylindrical  mold  where  it  gels 
while  moving  through  the  mold,  either  with  or 
without  heating.  The  activation  energy  for  the 
gelation  process  was  determined  to  be  about 
40  KJ/mol. 

P2.3 

Fluid  Dynamics  Instabilities  in  Drawn  Filters.  C  liarles 
Thompson  «n<l  A  run  Miilpnr  Department  of  Electrical 
Engineering.  Laboratory  lor  Advanced  Computation  University  of 
Lowell.  Lowell.  MA 
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The  stability  analysis  of  tlit-  equations  governing  tlratvn  liquid  Hliers 
will  bo  presented.  Partirular  attention  is  given  to  the  interaction 
between  the  winder  and  the  fluid  s  motion.  It  will  be  shown  that  the 
terminal  conditions  presented  by  the  winder  assembly  can  influence 
both  the  spatial  uniformity  and  growth  rate  of  infinitesmal 
disturbances.  The  non-linear  evolution  of  such  disturbances  will 
also  be  addressed  and  results  presented.  Preliminary  results  show 
that  the  nonlinear  effect  result  in  a  supercritical  bifurcation  from  the 
neutral  stability  jioint.  Non-Newtonian  models  will  also  be 
considered. 

[  Work  supported  by  Analog  Devices  Professorship  ] 

P2.4 

THERMAL  MODELING  OF  THE  OPTICAL  FIBER  DRAWING  PROCESS. 

Haris  panami rhaat  and  loannis  N.  Miaoulis*,'  Mechanical 
Engineering  Department,  Tufts  University,  Medford,  MA 
02155. 

The  fabrication  process  of  glass  optical  fibers  has  been  the 
subject  of  investigations  through  the  years.  These 
investigations  were  motivated  by  the  need  to  improve  the 
quality  and  increase  the  yield  of  optical  fibers  and  optical 
multifiber  systems.  Although  some  studies  have  been 
performed  in  the  area  of  thermal  analysis  of  the  fiber 
fabrication  process,  they  usually  focus  on  a  specific, 
narrow  range  of  parameters.  The  majority  of  the  studies  are 
performed  for  thin  single  (unsheathed)  fibers  (<0.2  mm). 

Very  limited  work  has  been  done  on  modelling  the  thermal 
processing  of  thick  fibers  (>0.2mra),  and  sheathed  (core  and 
clad)  fibers,  and  most  of  the  fabrication  processes  are 
performed  on  a  costly  trial  and  error  basis.  This  paper 
presents  a  tool  that  we  developed  which  the  fiber 
fabrication  community  can  use  to  predict  the  thermal 
behaviour  of  thin  single,  thick  single,  and  core  and  clad 
fibers  during  processing.  The  thin  fiber  case  was  treated 
analytically  and  was  treated  as  a  fin.  The  variable 
covection  transfer  coefficient  was  calculated  by  the  Karman- 
Pohlhausen  technique.  The  study  treated  the  air  and  glass 
properties  as  independent  of  temperature  and  separately  as  a 
function  of  temperature  and  results  are  compared  with 
experimental  findings.  For  the  thick  and  core  and  clad 
fibers,  where  the  one-dimensional  treatment  usually  used  for 
thin  fibers  does  not  apply,  a  finite  difference  technique 
was  used  for  the  numerical  modeling  of  the  processes .  The 
results  are  presented  in  graphical  form  where  the  convective 
coefficients  and  temperature  distributions  are  presented  as 
a  function  of  distance  of  the  fiber  from  the  furnace,  for  a 
wide  range  of  diameters  and  drawing  speeds.  Comparison  with 
experiments  indicated  close  agreement. 

P2.5 

ACCELERATED  COOLING  OF  OPTICAL  FIBER.  C.  E  Polvmcroooulos. 

V.  Sernas,  and  S.  Kyriacou,  Dept,  of  Mechanical  and  Aerospace 
Engineering,  Rutgers  University,  Piscataway.  N.  J.  08855. 

An  apparatus  for  accelerated  cooling  of  optical  fiber  has  been 
designed  and  tested  using  a  150  pm  diameter  fiber  drawn  at 
speeds  of  up  to  3  m/sec  with  Helium  or  Nitrogen  as  the  cooling 
medium.  Cooling  was  accomplished  by  passing  the  fiber 
through  a  0.5  m  long  and  4  mm  diameter  water  cooled  tube,  with 
the  fiber  moving  in  a  direction  opposite  to  the  gas  flow.  To 
assure  minimum  cooling  gas  leakage  from  the  cooling  section 
the  upstream  gas  plenum  was  kept  at  near  atmospheric  pressure, 
while  the  downstream  plenum  was  at  vacuum  pressure.  Gas  flow 
rate  was  set  using  the  measured  pressure  difference  between  the 
gas  inlet  and  outlet.  Using  Helium  and  with  the  fiber  moving  at 
the  maximum  speed  of  3  m/sec  a  mean  cooling  rate  of 
approximately  5,000  °C/sec  was  measured  within  the  cooling 
section  which  was  positioned  at  a  distance  of  0.55  meters  from 
the  graphite  furnace.  The  required  gas  flow  rate  was 
approximately  70  l/min  resulting  in  a  Reynolds  number  of 
approximately  2.400  based  on  the  hydraulic  diameter.  Higher 
cooling  rates  can  be  achieved  if  the  gas  flow  is  increased,  or  if 
the  tube  wall  temperature  is  reduced  by  refrigeration. 

Analytical  prediction  of  the  fiber  temperature  using  a  finite 
difference  solution  of  the  conservation  equations  was  in  good 


agreement  with  the  experimental  results.  For  the  conditions 
tested  the  maximum  local  heat  transfer  coefficient  was 
approximately  1,700  W/m^  o q  based  on  the  local  fiber  and  gas 
bulk  temperatures.  Additional  computed  results  yielded  the  ratio 
of  energy  transfer  to  the  gas  and  to  the  tube  walls. 

P3.1 

DEPOSITION  OF  HERMETIC  CARBON  COATINGS  ON  SILICA 
FIBERS,  R.C.  Huff.  F.V.  DlMarcello,  A. C.  Hart,  Jr. 
and  K.L.  Walker,  AT&T  Bell  Laboratories ,  600  Mountain 
Avenue,  Murray  Hill,  NJ  07974 

Carbon  coated  optical  fibers  have  recently  been 
shown  to  have  excellent  resistance  to  both  static 
fatigue  and  hydrogen  induced  losses  (1,2,3).  The 
deposition  technique  used  to  forn  the  carbon 
coating  strongly  affects  the  coating's  ability  to 
resist  these  degradation  mechanisms.  The  system 
developed  by  AT&T  utilizes  an  ataospheric  CVD 
chaaber  in  which  a  hydrocarbon  gas  is  pyrolyzed  on 
the  fiber  surface.  The  heat  retained  in  the  fiber  from 
the  fiber  forming  process  is  used  to  drive  the 
reaction,  and  high  draw  speeds  are  typically  used  to 
attain  the  ~900°C  teaperature  required  to  deposit  the 
hermetic  fora  of  the  carbon  coating.  Deposition  rates 
of  »lus  m/sec  are  required  to  produce  the  ~  500  A 
coating. 

1)  R.C.  Huff,  F.V.  DlMarcello,  A.C.  Hart,  Jr., 
"Amorphous  Carbon  Hermetically  Coated  Optical 
Fibers",  Technical  Digest,  OFC  1989,  paper  TUG2. 

2)  K.E.  Lu,  M.T.  Lee,  D.R.  Powers,  S.  Claseman, 
"Hermetf cally  Coated  Optical  Fibers",  Technical 
Digest,  Postdeadline  Paper  PD1,  OFC  1989. 

3)  P.J.  Leaalre ,  K.S.  Kranz,  K.L.  Walker,  R.C. 
Huff  and  F.V.  DlMarcello,  "Hydrogen  Permeation  In 
Optical  Fibers  with  Heraetic  Carbon  Coatings", 
Electronic  Letters,  Vol.  24,  No.  21,  Pgs .  1323-1324, 
October  13,  1988. 

P3.2 

SURFACE  TREATMENTS  AND  COATING  MATERIALS  FOR 
silica  FIBERS.  Albert  A,  Krvgei. 

Pacific  Northwest  Laboratory!*) .  Chemical  Sciences. 
Richland.  Washington  99352-0999 

Following  chemical  treatment  of  the  glass  surface, 
application  of  a  novel  UV  curable  acrylic  pre-polymer  and 
subsequent  polymerization  yield  strong  fibers.  This  surface 
chemistry  does  not  form  a  barrier  or  impermeable  layer; 
rather,  site-specific  reactions  giving  rise  to  changes  in  the 
chemical  reactivity  of  the  surface.  The  initial  tensile 
strength  and  resistance  to  aging  of  the  silica  fibers  vary 
greatly  with  the  treatment.  Both  static  and  dynamic  fatigue 
experiments  indicate  significant  modification  of  the  aging 
process.  Further,  it  is  apparent  that  the  Griffith  flaw  model 
is  not  applicable. 

The  polymer  overcoat  has  good  abrasion  resistance,  tear 
strength,  low  water  vapor  transmission  rates,  and  adds  no 
more  than  5  dB/km  of  excess  loss  at  -80°C. 

P3.3 

CHEMICAL  REACTION  AT  GLASS/LIQUID  INTERFACES. 

Kim  F.  Ferris  and  Larry  R.  Pederson,  Pacific  Northwest 
Laboratories,  Richland,  WA  99352 

Although  the  aqueous  durability  of  ceramic  materials  and  its  relation 
with  surface  properties  has  been  the  subject  of  numerous  studies, 
the  basic  processes  at  the  reaction  interface  are  still  poorly 
understood.  Dielectric  effects  from  both  the  solid  and  solution 
phases  can  play  a  major  role  on  reaction  rates,  while  electric  surface 
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charge  phenomena  can  affect  reaction  rates  through  modifications  in 
the  local  chemical  environment.  The  electric  surface  charge  on 
glasses  can  be  varied  through  changes  in  solution  ionic  strength  or 
by  using  organi c/water  mixtures  as  measured  by  pH-stat  techniques. 

By  using  a  silicic  acid  'point  charge'  complex  in  the  lattice  sites 
surrounding  silicic  acid,  a  first  order  approximation  can  be  marir  to 
the  solid  state  dielectric  effects.  Combined  with  molecular 
spectroscopic  data,  such  information  can  generate  a  molecular 
interpretation  of  initial  surface  structure  and  its  evolution  in  reactive 
environments. 

This  work  was  supported  by  the  U.S.  Department  of  Energy,  Office 
of  Basic  Energy  Sciences  under  contract  DE-AC06-76RLO  1830. 

P3.4 

MODEL  STRUCTURE  OF  THE  VITREOUS  SILICA  SURFACE* 

B .  P .  Feuston  and  S.  H.  Garofalini,  Dept.  of 
Ceramics  and  Institute  for  Engineered  Materials, 
Rutgers  University,  Piscataway,  NJ  08855-0909 

The  surface  structure  of  vitreous  silica  is 
investigated  through  molecular  dynamics 
simulation.  Comparison  of  the  structure  prior  to 
fracture  and  after  fracture  and  annealing  allows 
identification  of  topological  and  bonding  defect 
in  the  surface  region.  Identification  of  defects 
and  their  location  are  presented.  Non-bridging 
oxygen  (NBO)  and  edge-sharing  tetrahedra  are 
found  to  form  on  the  oxygen  terminated  surface 
with  3-coordinated  silica,  3-coordinated  oxygen 
and  3 -member  rings  just  below  the  outermost 
atoms.  An  association  between  3-membered  rings 
and  3-coordinated  oxygen  is  observed  and  its 
possible  relationship  to  the  Raman  DZ  defect  peak 
will  be  discussed. 

•Supported  by  Army  Research  Office,  Grant 
No . DAAL03-86-K-0047 

P3.5 

AN  INVESTIGATION  OF  OPTICAL  FIBER  COATING 
PERFORMANCE  IN  EMBEDDED  SENSING  APPLICATIONS. 

R.  A.  Haaksma.  M.  J.  Cehelnik  and  M.  J.  Kerkhoff,  Alcoa 
Laboratories,  Alcoa  Center,  PA,  15069. 

The  use  of  composite  materials  for  aerospace  applications  has 
created  an  increasing  need  for  developing  nondestructive  methods 
for  assessment  of  composite  performance.  Embedded  optical  fiber 
sensor  technology  provides  the  potential  for  monitoring  parameters 
of  interest  during  processing  and  testing  of  composite  materials  as 
well  as  the  opportunity  for  tracking  properties  over  the  lifetime  of 
composite  pans  in  service.  The  successful  development  of  this 
technology  depends  on  designing  optical  fiber  sensor  systems 
suitable  for  use  in  composite  embedded  sensing  applications. 

This  paper  focuses  on  the  role  played  by  optical  fiber  coatings  in 
the  design  of  embedded  sensor  systems.  The  performance  of 
different  optical  fiber  coatings  under  typical  composite  processing 
conditions  will  be  discussed.  Photomicrographs  of  test  specimens 
containing  embedded  sensors  will  be  presented  which  show 
delamination  occuring  at  the  coating/optical  fiber  interface  in 
preference  to  the  coating/epoxy  resin  interface.  Based  on  this 
work,  coating  performance  criteria  will  be  outlined  for  use  in  the 
selection  of  appropriate  fiber  optic  sensors  for  certain  target 
applications  in  composites. 

P3.6 

FABRICATION  OF  OXIDE  GLASS  COATED  FLUORIDE  GLASS 
OPTICAL  FIBERS  FOR  DURABILITY  AND  STRENGTH  IMPRO¬ 
VEMENT,  Yaautake  Ohlahl .  Kazuo  Fujiura  and 
Shiro  Takahashi , 

NTT  Opto-Electronics  Laboratories, 


Tokai-Mura,  Naka-Gun,  Ibaraki-Ken,  319-11  Japan 

Durability  and  mechanical  strength  of  fluoride 
glass  optical  fibers  are  intrinsically  inferior 
to  those  of  silica  and  other  oxide  glass  fibers. 
Many  attempts  to  improve  the  properties  of  fluo¬ 
ride  glass  optical  fibers  have  been  made.  How¬ 
ever,  effective  techniques  have  not  yet  been 
developed. 

It  is  expected  that  the  improvement  of  durability 
and  mechanical  strength  are  attained  by  being 
coated  with  the  oxide  glasses.  There  are  some 
oxide  glasses  whose  thermal  properties  are 
matched  to  those  of  fluoride  glasses. 

Oxide  glass  coating  is  performed  by  jacketing 
fluoride  preforms  with  oxide  tubes.  It  is  clari¬ 
fied  by  the  thermal  analyses  that  chemical  reac¬ 
tion  between  fluoride  and  oxide  glasses  does  not 
occur  in  the  fiber  drwawing  temperature  range  and 
begin  to  occur  rapidly  at  the  melting  temperature 
of  fluoride  glasses.  Using  a  lead  oxide-based 
glass  tube,  smooth  contact  between  fluoride  and 
oxide  glasses  are  confirmed. 

P4.1 

DIFFUSION  OF  HYDROGEN  THROUGH  HERMETIC 
CARBON  FILMS  ON  SILICA  FIBERS,  P.J.  Lemaire.  K.S. 

Kranz,  K.L.  Walker,  R.G.  Huff,  and  F.V.  DiMarcello, 

AT&T  Bell  Laboratories,  600  Mountain  Avenue,  Murray 
Hill,  NJ,  07974. 

Silica  based  optical  fibers  have  been  drawn  with  hermetic 
carbon  coatings.  These  coalings  are  used  to  protect  the 
silica  portion  of  the  fiber  from  undesirable  loss  increases 
and  strength  reductions  caused  by  H2  and  H20, 
respectively.  The  hermetic  properties  of  the  carbon  films 
have  been  evaluated  using  accelerated  test  conditions 
where  the  coated  fibers  were  exposed  to  H2  at  elevated 
temperatures  and  hydrogen  pressures.  In-situ  spectral  loss 
monitoring  has  allowed  us  to  measure  changes  in  the 
characteristic  optical  loss  features  caused  by  either 
molecular  H2  or  by  species  such  as  OH  which  form  when 
hydrogen  reacts  with  defects  in  the  silica.  By  using  long 
lengths  of  fiber  it  is  thus  possible  to  optically  measure  the 
extremely  small  amounts  of  hydrogen  that  penetrate  the 
carbon  films.  At  temperatures  in  the  range  of  100  to 
145  ’  C  the  diffusion  of  H2  is  readily  modeled  using 
classical  diffusion  theories  for  a  composite  cylinder, 
allowing  calculation  of  the  diffusion  coefficient  and  of  the 
solubility  for  H2  in  the  carbon.  At  higher  temperatures 
the  diffusing  H2  is  partially  depleted  by  reaction  with 
defects  in  the  glass.  For  these  conditions  the  inward 
diffusion  of  the  H2  and  its  reaction  at  defect  sites  tend  to 
balance  each  other,  giving  rise  to  a  constant,  but 
extremely  low,  concentration  of  H2  in  the  fiber. 

P4 .2 

ELECTRON  PARAMAGNETIC  RESONANCE  STUDY  OF  THE 
HERMETIC,  CARBON  COATED,  OPTICAL  FIBER.  Darvl 
Inniss .  ATST  Bell  Laboratories,  Murray  Hill  N.J. 

Recently,  a  thin  carbon  film  deposited  on  the 
surface  of  silica  optical  fibers  has  been  shown  to 
improve  the  fiber's  resistance  to  static  fatigue 
and  hydrogen  permeation.  The  carbon  film  is 
characterized  by  electron  paramagnetic  resonance 
spectroscopy.  A  single  symmetrical  resonance  is 
observed,  centered  at  the  g  value  of  2.002.  The 
lineshape  is  Lorentzian,  suggesting  spin 
delocalization.  Intensity  measurements  ranging 
from  4K  -  BOOK  suggest  that  both  conduction 
electrons  and  localized  spin  centers  contribute  to 
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the  spin  resonance.  The  localized  spin  centers 
may  arise  from  point  defects  in  the  carbon  film. 
The  results  are  discussed  in  terms  of  specific 
structural  models  for  the  defects. 

P4.3 

materials  effects  on  the  radiation  sensitivity  of 

SINGLE  MODE  OPTICAL  FIBERS,  E.J.  Friebele  C.G. 
Askins,  M.E.  Gingerich,  S.J,  Hickey*,  M.A.  Putnam**, 
C.M.  Shaw***,  Naval  Research  Laboratory.  Washington, 
DC  20375  and  W.H.  Schmidt,  Michigan  State 
University,  E.  Lansing,  MI  48824  (*  Sachs  Freeman 
Assoc.,  Inc.,  Landover,  MD;  **University  of 
Maryland,  College  Park,  MD;  ***NYS  College  of 
Ceramics,  Alfred  University,  Alfred,  NY) 

We  have  previously  fabricated  and  irradiated  a  number 
of  single  mode  fibers  to  a  total  dos  of  2000  rads  at  - 
35C  and  fit  the  resultant  recovery  data  to  nc"  -order 
kinetics  (1)  .  The  "permanent”  incremental  loss 
determined  from  these  data  was  used  as  a  measure  of 
the  loss  that  would  be  induced  by  low  dose  rate 
fallout  environments.  Similar  measurements  have 
now  been  performed  over  a  wide  temperature  range , 
and  it  has  been  found  that  the  temperature  dependence 
of  the  recovery  parameters  is  determined  by  the 
composition  of  the  core  and  cladding.  Single  mode 
fiber  radiation  response  depends  on  fabrication 
parameters  as  well  as  dopant  concentrations.  The 
relationships  between  fabrication  and  kinetic 
parameters  have  been  established  through  3 
techniques:  orthogonal  matrix  analysis,  multiple 

regression  and  multivariate  analysis.  A  new 
experimental  design  to  elucidate  both  one-way  and  two- 
way  Interactions  between  fabrication  parameters  and 
radiation  response  with  good  statistical  significance 
and  without  confounding  will  be  described. 

(1)  C.G.  Askins,  C.M.  Shaw,  T.e.  Tsai,  C.C.  Harrington, 
M.E.  Gingerich  and  E.J.  Friebele,  SPIE  Vol.  992,  pp . 
74-83  (1988). 

P4 .4 

EFFECT  OF  FIBER  COMPOSITION  AND  STRESS  ON  THE 
RADIATION  SENSITIVITY  OF  POLARIZATION-MAINTAINING 
FIBERS,  M.E.  Gingerich.  S.J.  Hickey*,  C.C. 
Harrington*  and  E.J.  Friebele.  Naval  Research 
Laboratory,  Washington,  DC  20375  and  J.R.  Onstott,  3M 
Center,  St.  Paul,  MN  55144  (*Sachs  Freeman  Assoc., 
Inc . ,  Landover ,  MD) 

The  radiation  sensitivity  of  birefringent  polarization- 
maintaining  fibers  has  been  shown  to  depend  on  the 
level  of  asymmetric  stress  applied  to  the  Ge-doped 
silica  core.  (1)  An  implication  of  this  result  is  that 
differential  radiation- induced  attenuation  should 
be  experienced  along  the  two  polarization  axes. 
Measurements  of  the  differential  attenuation  hgve 
been  made  during  and  after  steady  state  Co 

irradiations  and  following  pulsed  electron  exposure 
to  investigate  this  effect.  The  observed 

attenuation  and  the  effect  of  the  radiation 
exposures  on  the  coupling  between  the  two 
polarizations  will  be  discussed.  In  addition,  the 
radiation  response  of  a  new  design  of  polarization- 
maintaining  fibers,  consisting  of  a  very  lightly  Ge- 
doped  silica  core  and  depressed  F-doped  silica  clad 
has  been  measured  as  a  function  of  stress  level. 

The  effect  of  variations  in  the  core  composition  and 
stress  on  the  radiation  sensitivity  will  be  reported. 

(1)  E.J.  Friebele,  L. A.  Brarabanl ,  M.E.  Gingerich,  S.J. 
Hickey  and  J.R.  Onatott,  submitted  to  Appl.  Opt. 


P4.5 

LUMINESCENCE  MEASUREMENTS  OF  FUSED  SILICA  IN 
THE  PRESENCE  OF' EXCIMER  LASER  RADIATION 
N ■ Kuzuu ,  Nippon  Silica  Glass  Yamaguchi  Co. , 
Shin  Nanyo,  Yamaguch  746,  JAPAN.;  Y.komatsu, 
Graduate  student  of  Faculty  Eng.  Tokai  Univ.; 
M.Murahara,  Faculty  of  Eng.  Tokai  Univ.  1117 
Kitakaname,  Hiratsuka,  Kanagawa  259-12,  JAPAN. 

Fused  silica  which  were  formed  in  the  hydrogen- 
oxygen  flame  hydrolysis  of  SiCl<  has  absorption 
bands  in  the  near-IR  region  but  it  can  posseses 
high  optical  transmission  in  the  UV  region. 
Thus  this  material  could  be  used  as  a  core  for 
UV  transmitting  optical  fiber.  It  has  been 
observed  that  some  samples  of  fused  silica  have 
structural  defects  that  cause  luminescence  and 
thus  absorption  in  this  UV  region. 

We  report  on  the  luminescence  behavior  of  the 
fused  silica  which  has  been  irradiated  by  ArF 
excimer  lasers.  In  this  measurements,  the  emi¬ 
ssion  spectrum  of  wide  range  were  measured  mo- 
mentally  by  diode  array  with  image  intensifier. 

Irradiating  with  the  ArF  laser,  it  was  seen 
that  the  intensity  of  luminescence  at  650  nm 
varies  inversely  to  the  intensity  of  lumine¬ 
scence  at  300  nm  in  different  samples.  A  sample 
appearing  no  luminescence  at  650  nm  appears 
luminescence  at  280  nm  in  place  of  at  300  nm. 
These  two  luminescence  have  different  depend¬ 
encies  of  intensity  v.s.  radiation  time,  From 
these  results  we  conclude  that  luminescence  at 
650  and  300  nm  are  related  with  same  origin, 
whereas  the  luminescence  at  2B0  nm  is  caused  by 
different  origin  from  those  two  luminescence. 

P4.6 

PHOTOLUMINESCENCE  INDUCED  BY  6.4  eV  PHOTONS  IN  HIGH 
PURITY  SILICA,  T.E.  I sal.  «.B.  Lin.  CeoCenters.  Inc. 
Fort  Washington ,  MD  20744.  E.J.  Friabele,  Naval 
Research  Laboratory,  Washington,  DC  20375 

Steady  state  photolumineseence  in  tha  visible  range  in 
high  purity  silica  rods  of  suprasil  at  room 
temperature  was  studied  using  6.4eV  (A  -  193nm)  photons 
as  the  excitation  source.  Electron  spin  resonance  was 
used  to  monitor  the  induced  paramagnetic  centers. 
Broad  luminescence  bans  at  2.8eV,  2.2eV  and  1.9eV 
were  observed.  The  relative  intensities  of  these  bands 
were  altered  by  bringing  the  light  to  a  focus  inside 
the  sample.  Relative  photoluminescence  intensity  was 
also  studied  as  a  function  of  laser  pulse  energy  and 
irradiation  time.  For  laser  fluences  up  to  3000 
j/cm  ,  the  intensity  of  1.9eV  band  Increases  but  chat 
of  2 . 8eV  band  remains  approximately  the  same.  The 
growth  of  paramagnetic  NB0HC  centers  was  found  to  be 
correlated  with  that  of  1.9eV  band.  Thase  results 
will  be  discussed  in  relation  to  the  radiolytic 
mechanism  for  defect  generation  in  silica. 

P5.1  ABSTRACT  NOT  AVAILABLE 
P5.2 

PROCESS  ANALYSIS  IN  THE  SYNTHESIS  OF  FLUOROZIRCONATE 
GLASSES,  M.  Braglis ,  G.  Cocito,  M.  Fcrraris  and  G. 
Parisi,  CSELT,  Torino,  Italy 

The  synthesis  process  of  high  quality 

f luorozirconate  glssses  for  infrared  optical  fibres 
is  far  away  from  optimization:  the  presence  In  glasses 
of  OH  groups,  oxides  and  oxyfluorldes  causes  high 
losses,  strong  crystal lizacions  and  unacceptable 
scattering  values.  (1,2) 


During  a  glass  synthesis  process  under  nitrogen  flow, 
IR  spectroscopy  and  x-ray  diffraction  analyses  on 
sever  starting  fluoride  mixtures  of  ZB LAN  composition 
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with  20-10-5-5%  (weight)  ammonium  bifluoride,  have 
been  carried  out.  IR  analysis  reveal  the  presence 
of  oxyfluorlde  and  oxide  species  before  nelting, 
especially  on  samples  without  ammonium  bifluoride, 
under  inert  ataosphere. 

The  glass  quality  has  been  improved  by  the  addition  of 
nitrogen  trifluoride  as  reactive  ataosphere  during 
nelting:  IR  spectra  show  a  strong  decrease  of  OH 
absorption  in  glasses  prepared  with  5-10-20% 
(weight)  annoniua  bifluoride.  Electron  spin 
resonance  neasureaents  (EPR)  on  gaaaa- irradiated 
glasses  (5  Mrad)  show  the  presence  of  the  02'  signal, 
related  with  the  presence  of  oxyfluorides  or  oxides. 

(3) 

IR,  XRD  and  EPR  neasureaents  on  fluoride  nixtures  and 
che  obcained  glasses  allow  a  strict  control  on  the 
preparation  process:  this  is  inportant  in  the  choice 
of  tines,  temperatures  and  fluorinating  agents  for 
the  inprovenent  of  the  glass  quality.  Work  is  in 
progress  in  order  to  investigate  other  gaseous 
fluorinacing  agents.  (4) 

1.  P.W.  France,  S.F.  Carter,  M.W.  Hoore ,  C.R.  Day  - 
Br.  Telecon  Technol.  J.  5,  2  (1987)  P.28 

2.  M.  Braglia,  M.  Ferraris ,  G.  Grego,  G.  Parisi,  F. 
Taiariol  Hat.  Res.  Bull  24.  6  (1989) 

3.  D.L.  Criscom,  P.  Hart,  J.M.  Jewell,  J.R.  Shelby  - 
J.  of  Non-Cryst.  Sol.  103  (1988)  p.  300 

4.  M.M.  Broer.  R.M.  Atkins  -  J.  Hater.  Res.  3,  4 
(1988)  p.  755 

P5.3 

EFFECT  OF  COMPOSITIONAL  VARIATIONS  AND 
PROCESSING  ON  THE  OPT1C.AL  SCATTERING  OF 
ZBLAN  GLASS.  A.  F..  ..N’eeves.  W.  A.  Reed,  M.  Chui- 
Sabourin  and  A.  J.  Bruce,  AT&T  Bell  Laboratories,  Murray 
Hill.  NJ. 

Molecular  light  scattering  in  the  Mie  and  Rayleigh  regime 
has  been  measured  as  a  function  of  scattering  angle  at 
wavelengths  between  0.6  and  2.6  #im  on  bulk  samples  of 
ZBLAN  glasses.  The  effect  of  oxide  and  p-block  additions 
as  well  as  the  effect  of  processing  variations  on  the 
scattering  have  been  measured.  From  an  analysis  of  the 
angular  scattering  of  both  vertically  and  horizontally 
polarized  beams  the  Rayleigh  ratios,  dyssemetry  and 
depolarization  factors  are  determined  as  a  function  of 
wavelength.  The  average  size  of  the  scattering  sites  can  be 
estimated  in  the  range  of  0.02  and  2.0  jim. 

P5.4 

Origin  end  Elimination  of  Scattering  Cantara  In  Fluoride  Claaaaa  and 
Flbara.  I  Afaarval  J.  S  Sanghara*.  %  Hatbiaon,  L.  Buaae  and  P. 
Curate,  Naval  Aeaearch  Laboratory.  Waahlngton,  DC.  20375, 
•University  of  Virginia,  Charlotteavllle ,  VA  22901 

Fluorozlrconata  glaaaaa  are  candidate  matarlala  for  ultra-low  loaa 
optical  fiber  application  by  virtue  of  their  aatrasaly  low  loaaoa 
predicted  in  the  atd-IK.  In  practice,  the  loaaoa  fall  far  abort  of 
the  theoretically  predicted  value.  Thla  bar  boon  primarily 
attributed  to  both  axtrinalc  abaorptlon  and  ecectarlng.  While 
atgnlficant  improvement a  have  boon  mada  in  reducing  the  abaorptlon 
loaaoa,  the  acattorlng  loaaoa  atlll  remain  quite  high.  Although 
acattorlng  loaaoa  on  abort  langthe  of  flbara  have  given  valuee  aa 
low  aa  0.025  dl/ia  at  2.53  pm,  the  loaaoa  on  longer  langtha  exhibit 
Hie  or  wavelength  independent  behavior.  The  following  papar/calk 
will  daacrlbe  both  che  nature  and  the  origin  of  thaae  acattorlng 
apaclaa.  Baaed  on  thla  knowledge,  the  euthere  aubaequontly  daacrlbe 
waya  to  eliminate  the  acattorlng  cantara. 

P5.5 

FABRICATION  of  aif3  based  GLASS  FIBERS.  M  R 
ShilUIBli.  T.  Iqbtl,  PR  Foy  and  C.H.  Sigel,  Jr.,  Rulgeri 
University,  Fiber  Optic  Mtterigl  Research  Progr»m, 
Piscitawiy,  NJ. 


Several  glass  systems  based  on  AIFj  have  been  synthesized 
and  fabricated  into  preforms  by  controlled  melting  and 
rotational  casting  or  rod-in-tube  techniques.  High  optical 
quality  preforms  have  then  been  drawn  into  fibers  using  a 
specially  modified  drawing  facility.  The  drawing  tower  is 
enclosed  with  a  vertical  glove  box  in  which  the  levels  of  both 
moisture  and  oxygen  are  kept  below  1  ppm  during  the 
drawing.  The  AlFj  based  glass  fibers  have  shown 
dramatically  superior  chemical  durability  relative  to  the 
ZrF4  based  glass  fibers.  Selected  optical,  mechanical  and 
thermal  properties  of  these  fibers  will  be  presented.  AIFj 
based  glass  fibers  offer  interesting  opportunities  for  short 
range  applications  in  the  2-4  micron  region  of  the  infrared 
such  as  sensing,  remote  spectroscopy  and  laser  power  delivery. 

P5.6 

THE  CHARACTERIZATION  OF  INFRARED  TRANSMITTING  OPTICAL 
FIBERS,  R.D.  Driver.  G.M.  Leskowitz,  L.E.  Curtiss, 
D.E.  Moynihan  and  L.B.  Vacha,  IRIS  Fiber  Optics,  40 
Nagog  Park,  Acton,  MA  01720 

The  authors  will  review  the  methods  used  to 
characterize  infrared  transmitting  optical  fibers. 
Emphasis  will  be  placed  on  Identifying  potential 
sources  of  systematic  error  in  fiber  characterization 
measurements.  Data  will  be  presented  on  fiber 
strength  for  heavy  metal  fluoride  and  chalcogenide 
fibers.  The  methodology  of  fiber  loss  measurements 
will  be  discussed.  The  use  of  FT1R  spectroscopic 
techniques  for  the  measurement  of  fiber  loss  will  be 
reviewed.  Data  will  be  presented  for  heavy  metal 
fluoride,  chalcogenide,  sapphire  and  silver  halide 
fibers.  Fiber  and  preparation  and  fiber  cleaving 
techniques  will  be  reviewed.  Data  will  be  presented 
on  the  effects  of  fiber  mode  structure  on  fiber  loss 
measurements.  The  competing  processes  of  optical  loss 
in  fiber  core,  cladding  and  fiber  buffer  will  be 
discussed. 

P5.7 

DESIGN  PARAMETERS  FOR  FLUORIDE  MULTIMODE  FIBERS: 
EFFECTS  OF  COATING  AND  BENDING  ON  LOSS.  L.E.  Busse  and 
ID.  Aggarwal,  Naval  Research  Laboratory,  Uashington, 
DC 

The  potential  for  very  long  length  repeaterless 
communications  networks  exists  through  the  use  of 
fluoride  optical  fibers,  with  minimum  intrinsic 
loss  predicted  to  be  O.OldB/km  at  2. Sum.  Although  in 
principle  these  fibers  must  be  single  mode,  in 
practice  fibers  currently  being  made  are  multimode,  due 
to  their  relative  ease  for  fabrication.  Loss  effects 
due  to  coatings  and  bending  in  multimode  fluoride 
fibers  have  not  been  addressed  in  the  literature.  In 
this  paper  it  will  be  shown  that  due  to  the  longer 
wavelength  for  fluoride  vs.  silica  fibers,  design 
parameters  for  step  index  fluoride  fibers  must  be 
chosen  carefully  to  avoid  substantial  Induced  loss  due 
to  typical  UV  polymer  coatings  and  macrobanding. 

Numerical  calculations  for  fluoride  step  index  fiber 
structures  have  been  made  of  these  Induced  losses. 
Assuming  a  vacuum  wavelength  of  2.5um,  ratios  of 
clad/core  diameters  for  >  90%  of  the  modes  suffering 
lose  <  . OldB/km  were  determined  for  various 

numerical  apertures  and  core  diameters.  In  addition, 
total  Induced  losses  were  calculated  assuming  various 
made  distributions  in  the  fiber.  It  will  be  shown 
that  large  values  of  V,  the  normalized  frequency,  are 
needed  to  reduce  such  losses.  Results  of  calculations 
of  a  minimum  tolarable  bend  radius  for  a  loss  of  < 
10%  of  tha  total  number  of  modes  suggest  that  a 
large  numerical  aperture  rather  than  cora  radius  it 
generally  preferable  to  achieve  large  values  of  V. 
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P6.1 

PREPARATION  AND  PROPERTIES  OF  SELENIUM-TELLURIUM 
BASED  CHALCOGENIDE  AND  CHALCOHALIDE  GLASS,  MR. 
Tuzzolo .  D.J.  McEnroe  and  M.G.  Drexhage,  Galileo 
Electro-Optics  Corporation,  Galileo  Park,  PO  Box  550, 
Sturbridge,  MA  01566 

Mid  IR  wavelengths  are  a  spectral  region  which  is 
significant  for  military,  medical  and  industrial 
applications.  Materials  useful  for  IR  transmission 
require  low  intrinsic  and  extrinsic  attenuations, 
chemical  durability  and  resistance  to 

devitrification. 

Chalcogenide  glasses  transmit  infrared  energy  in  the  2 
to  14  micron  wavelength  region.  Addition  of 
tellurium  to  selenium  based  glasses  produces 
lower  attenuations  at  longer  wavelengths  due  to  a 
shift  in  the  multiphonon  edge.  However,  with 
increased  tellurium  content,  lower  transition 
temperatures  and  decreased  stability  often  result. 
Addition  of  halogens  to  chalcogenldes 
( chalcohalides )  utilizes  a  steep  exponential 

multiphonon  edge  to  produce  a  low  loss  material  at 
longer  wavelengths.  Iodine  containing  chalcohalides 
have  been  shorn  co  be  resistant  to  devitrification  and 
show  tallorable  transition  ranges. 

Selenium- tellurium  chalcogenide  and  iodine  containing 
chalcohalide  glasses  were  investigated  for  remote 
FTIR  and  low  loss  applications.  Raw  material  pre¬ 
treatment  techniques  were  employed  that  enable  us 
to  produce  high  purity  glasses.  bulk  glasses 
were  characterized  to  determine  which  compositions 
provide  the  best  properties,  as  required  in  today's 
commercial  market.  These  measurements  will  be 
analyzed  and  the  effects  of  pre - treatment , 
melting  techniques  and  compositions  will  be  discussed. 

P6.2 

STRUCTURAL  PRINCIPLES  IN  NON-OXIDE 
CHALCOGENIDH7,‘GLASSES.  Hellmut  Eckert.  David 
Lathrop,  Mark  Drake,  Kelly  Moran,  and  Mike  Tullius, 
Department  of  Chemistry,  University  of  California  at  Santa 
Barbara,  Goleta,  CA  93106. 

Non-oxide  chalcogenide  glasses  hold  great  promise  for 
optical  waveguide  applications  in  the  infrared  region. 
Despite  the  significance  of  these  systems,  their  structural 
organization  is  little  understood  to  date.  The  various  models 
used  to  describe  the  principles  of  glass-formation  in  non¬ 
oxide  systems  have  often  been  conceptually  divergent  and 
sometimes  contradictory  for  individual  systems.  In  this 
contribution,  we  will  present  results  from  a  first  systematic 
effort  to  provide  structural  information  for  chalcogenide 
glasses  by  means  of  modern,  state  of  the  art,  solid  state  NMR 
techniques.  Results  will  be  presented  on  the  systems  Si-Se, 
P-Se,  Ge-P-Se,  and  P-S. 

P6.3 

PROPERTY -COMPOSITION  RELATIONSHIP  OF  CHALCOGENIDE 
CLASSES  CONTAINING  GERMANIUM,  Jay  J.L.  yi  and 
Peter  R.  Strutt,  Institute  of  Materials  Science, 
The  University  of  Connecticut,  Storrs,  CT,  USA 

In-depth  studies  of  property-composition  relationship 
in  chalcogenide  glasses  have  revealed  previously 
undiscovered  structural  features.  For  example, 
specific  discoveries  in  the  Ge-Se-Sb  and  similar 
systems  were  of  (i)  metastable  phase  separation  for 
glasses  with  a  high  Se  or  S  content  (>70  at  .%),  and 
(11)  abnormal  behavior  of  some  structural  -  sensitive 
properties  (e.g.  optical  band-gap  enargy)  for  glasses 
with  Se  or  S  In  che  range  of  60-70  at  .*.  Structural 
and  property  characterization  of  the  glasses 
involved  using  fourier  transform  Infrared 


spectroscopy,  differential  scanning  calorimetry, 
thermomechanical  analysis  and  other  techniques ;  such 
features  as  splnodal  decomposition  and  phase- 
separation  were  observed  by  scanning  and  transmission 
electron  microscopy.  In  carefully  studying  the  Ge-Se 
system,  the  liquidus  curve  (reported  by  H.  Isper  et 
el.,  1982)  was  reexamined;  this  was  found  to  have  an  s- 
shape  at  che  phase -separation  region.  Another 
Interesting  finding  was  the  dependence  of  the  band-gap 
energy  on  composition  in  (l-x)GeSe2  '  xSb2Sej  glasses; 
this  was  not  a  linear  relation  but  a  curve  with  a 
maximum  band-gap  energy  at  9  at  .%  Sb. 

P6.4 

TELLURIUM  HALIDE  GLASS  FIBER  FOR  TRANSMISSION  IN  THE  8- 
12pM  REGION,  X.H.  Zhang  G.  Fonteneau,  H.L.  Ma ,  J. 
Lucas,  Laboratoire  de  Chimie  Mindrale  D,  Universite'  de 
Rennes,  Campus  de  Beaulieu,  35042  Rennes,  France 

Glasses  in  the  Te-Br-Se  and  Te-I-Se  systems  show 

potential  low  losses  in  the  8-12um  region.  They  are 
very  stable  against  crystallization  and  against 
moisture.  The  lowest  losses  of  a  single  fiber  at 
10.6um  measured  using  a  CO2  laser,  is  about  4dB/m. 
The  essential  diffusion  centers  in  these  fibers  have 
been  proved  Co  be  bubbles.  Double  crucible  method 
was  used  to  obtain  fibers  with  core-cladding 
structure.  The  fiber  with  double  indice  shows  much 
higher  losses  due  to  the  incompatibility  of  the 
core-cladding  glasses.  A  power  delivery 

experiment  was  made  using  a  single  fiber  having  an 

attenuation  of  5dB/m.  The  power  density  of  about 

42kw/cm^  can  be  injected  into  the  fiber  without 
damaging  this  fiber. 

P6.5 

NEW  STABLE  IODIDE  GLASSES  IN  THE  Cd-As- 
I  AND  Cd-As-Ge-I  SYSTEMS.  Jong  Heo  and  George 
H.  Sigel,  Jr.,  Fiber  Optic  Materials  Research  Program, 
Rutgers  University,  Piscataway,  NJ 

Non-fluoride  halide  glasses,  especially  iodides,  are  attractive 
candidates  for  optical  fiber  and  lens  materials  operating  in  the  mid- 
infrared  region.  However,  their  high  hygroscopicity  and  poor  thermal 
properties  pose  serious  limitations  to  their  practical  applications.  This 
study  is  focused  on  the  glasses  in  the  Cd-As-I  and  Cd-As-Ge-I  systems 
for  the  purpose  of  developing  water-resistant,  thermally  stable  iodide 
glasses.  Glasses  in  the  former  system  are  transparent  out  to  17pm  with 
a  glass  transition  temperature  of  approximately  300°C.  Preliminary 
water  durability  tests  using  FTIR  showed  no  evidence  of  aqueous 
corrosion  on  the  glass  surface  even  after  24  hours  at  70°C.  Further, 
partial  substitution  of  Ge  for  As  improved  the  thermal  properties  of 
these  glasses.  Detailed  experimental  results  on  the  optical,  thermal  and 
chemical  properties  will  be  discussed  in  comparison  with  the  various 
types  of  infrared  transmitting  materials. 

P6.6 

STRUCTURAL  STABILITY  OF  TELLURIUM  HALIDE  GLASSES.  Jav 
J.L.  Yi  and  Peter  R.  Strutt,  Institute  of  Materials 
Science,  The  University  of  Connecticut,  Storrs,  CT, 
U.S.A. 

In  quantitative  studies  of  the  structural  stability  of 
Te-Cl  and  Te-Br  glasses,  specific  attention  has  been 
devoted  Co  determining  the  kinetics  of  their  overall 
crystallization  process  in  terms  of  time-temperature- 
transformatlon  curves.  This  was  established  by  using 
differential  scanning  calorimetry;  the  same  technique 
was  used  to  determine  the  glass  composition  range  in 
which  chemical  decomposition  occurs  at  elevated 
temperatures.  The  calorimetric  studies  reveal  that  the 
tendency  of  crystallization  or  thermal  decomposition  of 
these  glasses  Is  related  to  phase  -  diagram 
characteristics.  Furthermore,  results  of  x-ray  radial 
distribution  analysis  of  some  of  these  glasses  also 
Indicated  similar  relationships.  It  seems  that  the 
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atonic  arrangement  of  these  glasses  is  not  an  idealized 
random  arrangement  as  described  by  the  classic 
Zachariasen-Warren  model.  Underlying  causes  for  this 
deviation  from  a  perfect  random  arrangement  to  one 
involving  a  degree  of  ordering  (structural  groups)  is 
discussed. 

P6.7 

LASER  IRRADIATION  STUDIES  OF  IR-TRANSMI TIING 
Cl  I A  LCO-HA  LI  DE  GLASSES.  Jcan-I.uc  ADAM,  Carmen  ORTIZ, 
Jesse  R.  SALEM,  IBM  Research  Division,  San  Jose,  CA,  U.S.A; 
Xiang-llua  ZHANG,  Univcrsitc  dc  Rennes  I,  Rennes,  FRANCE. 

The  search  for  materials  which  transmit  at  the  COj  wavelength  has 
led  to  the  discovery  of  new  glasses  based  on  tellurium  and  selenium 
and  a  halogen  (Br.CI  or  1).  Because  they  transmit  the  10.6*tm  line  of 
the  C02  laser,  can  be  drawn  into  fibers  and  can  be  deposited  as  thin 
films  ,  these  materials  have  a  tremendous  potential  for  IR  optical  ap¬ 
plications. 

We  have  deposited  amorphous  thin  films  of  the  TcScBr  system  by 
RF  sputtering.  Wc  have  studied  for  the  first  time  laser  irradiation  of 
these  thin  films  under  experimental  conditions  which  range  from  20 
to  300mW  absorbed  power  and  from  100ns  to  Is  laser  pulse  length. 
In  some  compounds,  wc  have  been  able  to  induce  structure  changes 
for  pulse  lengths  of  200ns  or  longer.  For  other  compositions  no 
crystallisation  was  observed  by  TEM  except  when  annealed  by  the 
electron  beam.  We  have  measured  the  optical  properties  in  the  visible 
of  these  materials  and  their  change  induced  by  laser  irradiation.  We 
have  measured  their  glass  and  melting  temperatures  as  well  as  their 
calorimetric  parameters. These  were  used  in  calculations  of  hcatfiow 
at  the  surface  and  into  the  sample  which  gave  good  agreement  with 
our  experimental  results. 

P6.8 

MECHANICAL  STRENGTH  OF  LOW-DIMENSION  GLASS 
FIBERS.  K.  A.  Cerqua,  E.  C.  Behrntan  and  W.  C. 
LaCourse,  New  York  State  College  of  ceramics  at 
Alfred  University,  Alfred,  NY. 

Chalcogenide  glasses  present  a  unique 
opportunity  for  the  study  of  l'*e  effect  of 
dimensionality  on  the  propertii  of  amorphous 
systems.  We  present  here  result  of  our 
experiments  on  fibers  of  these  materials. 

Strength  in  these  fibers  is  related  both  to 
dimensionality,  which  is  a  continuously 
variable  function  of  composition,  and  to 
drawing  conditions,  which  produce  ordering. 

A  theoretical  model  incorporating  both  these 
effects  is  proposed  and  discussed. 

P7.1 

ADVANCE  OF  PLASTIC  OPTICAL  FIBERS.  Fusio  Ide,  Mitsubishi  Rayon 
Co..  LTD..  Chuo-ku.  Tokyo  Japan;  and  Takashi  Vaaaaoto. 
Mitsubishi  Rayon  Co..  LTD..  OhtakeCity  Hiroshi»a-ken.  Japan. 

Plastic  optical  fibers,  ihich  are  easier  for  handling  and 
processing  as  tell  as  cheaper  in  coeparison  with  quartz  type 
optical  fibers,  are  calling  strong  attention  for  short  distance 
optical  coewunicat ion  systea. 

Progress  of  plastic  optical  fibers  is  reviewed.  Furthermore 
their  recent  trend  of  development  and  their  furture  prospect  are 
discussed. 

P7.2 

LOW-LOSS  GI  PLASTIC  OPTICAL  FIBER  AND  NOVEL  OPTICAL 
POLYMERS.  Yasuhiro  Koike  and  Yasuji  OhLsuka,  Kelo 
University,  3-14-1  Hiyoshi,  Kohoku-ku,  Yokohama  2Z3,  Japan. 

Low-loss  Gl  plastic  optical  fiber  in  which  the  attenuation  of 
transmission  was  less  than  200  dB/km  near  650  nm  wavelength 
was  successfully  obtained  by  heat-drawing  GI  preform  rod. 
This  rod  was  prepared  by  a  new  interfacial-gel 


copoly merization  technique  where  methyl  methacrylate  (MMA) 
and  vinyl  phenylacetate  (VPAc)  were  placed  in  a  PMMA  tube 
and  the  copolymer  phase  was  gradually  formed  from  the  gel 
phase  on  the  inner  wall  of  the  tube,  changing  the  radial 
composition  of  copolymer.  The  total  scattering  loss  of  the  Gl 
preform  rod  was  less  than  100  dB/km.  The  refractive  index 
distribution  of  the  GI  plastic  optical  fiber  was  almost 
quadratic  against  the  distance  from  the  center  axis,  and  the 
numerical  aperture  was  0.21. 

Novel  optica]  functional  polymers  were  synthesized  and 
characterized.  Birefringence-free  copolymer  glasses  which 
are  quite  transparent  and  homogeneous  were  prepared  by  the 
radical  copoiymerization  of  two  monomers  (Ml  and  M2)  giving 
positive-  and  negative-  birefringent  homopolymers, 
respectively.  Since  the  anisotropic  polarization  of  the  Ml 
monomer  units  is  compensated  by  the  M2  monomer  units  on  the 
same  polymer  chain,  the  birefringence  of  the  copolymer  is  zero 
on  the  length  scale  of  several  monomer  units  for  any  degree  of 
orientation.  Optically  active  amorphous  polyacrylate  glasses 
which  act  as  new  polarization  modulators  were  synthesized. 
The  application  of  these  glasses  for  the  rotation  of  the  linear 
polarization  phase  and  for  the  conversion  of  linear 
polarization  to  circular  polarization  which  is  different  from 
the  conventional  principle  of  using  inorganic  crystals  is 
discussed. 

P7.3 

SILICA-BASED  SINGLE-MODE  WAVEGUIDES  AND  THEIR 
APPLICATIONS  TO  INTEGRATED-OPTIC  DEVICES.  N. 
Takato  and  A.  Sugita,  NTT  Opto-electronics 
Laboratories,  Tokai,  Ibaraki-ken,  Japan 

Low-loss  Si02-based  single-mode  waveguides  are 
fabricated  on  Si  substrates  by  flame  hydrolysis 
deposition  and  reactive  ion  etching. 

The  waveguides  loaded  with  a  thin  film  heater  op¬ 
erate  as  a  phase  shifter  due  to  the  refractive 
index  dependence  on  temperature.  The  response 
time  is  relatively  fast,  1  msec,  because  of  the 
Si  substrate  heat  sink.  A  novel  phase  shifter 
with  an  adiabatic  structure  preventing  thermal 
diffusion  to  Si  are  also  proposed  for  reduction 
of  driving  power. 

Another  important  feature  of  the  SiOj  and  Si 
combination  is  large  stress-induced  birefringence 
of  the  waveguide  due  to  the  difference  in  thermal 
expansion  coefficients  of  these  materials.  Laser 
trimming  adjustment  of  waveguide  birefringence  is 
proposed  for  constructing  various  polarization 
insensitive  and  sensitive  devices. 

Using  these  waveguide  technologies,  we  have 
successfully  developed  not  only  passive  devices 
such  as  couplers  and  demultiplexers  but  also 
active  devices  such  as  optical  switches,  tunable 
ring  resonators,  and  optical  frequency  selection 
switches . 

P7.4 

POTENTIAL  APPLICATION  OF  Bi(Pb)-Ca-Sr-Cu-0 
GLASSES  FOR  PREPARATION  OF  INTEGRATED 
OPTICAL  FIBERS.  Haixing  Zhene  and  J.D.Mackenzic,  Department 
of  Materials  Science  and  Engineering,  University  of  Califomia-Los 
Angeles,  Los  Angeles,  CA  90024 

Incorporation  of  an  optical  system  (source,  guides,  modulates  and 
detectors)  into  a  fiber  lus  great  potential  of  applications.  BijOrbased 
glasses  are  one  of  important  systems  for  preparation  of  this  type  of 
integrated  fibers.  Bi(Pb)-Ca-Sr-Cu-0  glasses  are  infrared  transmitting 
from  1 .5  micron  to  7.0  micron.  Their  refractive  indices  are  in  the  vicinity 
of  2.9.  Bi(Pb)-Ca-Sr-Cu-0  glasses  become  superconducting  afterl 
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crystallization.  This  superconducting  glass  ceramics  can  used  as  the 
optical  detectors  based  on  the  principle  that  photos  will  break  the  Cooper- 
pair  electrons  (superconducting  electrons)  and  the  materials  change  from 
superconducting  to  normally  resistive.  In  this  paper,  the  primary 
experimental  results  on  (1)  optical  transmission;  (2)  fluorescence;  and  (3) 
electrical  response  of  the  Bi203-based  superconductors  to  the  photos  will 
be  presented.  The  potential  of  BijOj-based  glasses  for  preparation  of 
integrated  opical  fibers  will  be  discussed. 

P8.1 

GROWTH  OF  OPTICAL  QUALITY  SAPPHIRE  SINGLE  CRYSTAL 
FIBERS,  D.H.  Jundt.  M.M.  Fejer  and  R.L.  Byer,  Applied 
Physics  Department ,  Stanford  University,  Stanford,  CA 
94305 

Void-free  sapphire  single  crystal  fibers  with 
diameters  of  llOum  and  60um  and  lengths  of  over  2m 
have  been  grown  by  the  laser-heated  pedestal  growth 
method.  The  growth  dynamics  of  Che  floating  zone 
was  studied  and  agrees  well  with  theoretical 
predictions.  The  minimum  loss  of  O.SdB/m  was  measured 
in  the  near  infrared  at  1064nm.  An  absorption  band 
centered  at  400nm  results  in  losses  of  up  to  20dB/m 
in  the  visible.  The  fibers  have  potential  applications 
in  high  temperature  thermometry  and  in  delivery 
systems  for  laser  surgery.  Absorption  losses  of 
0.88dB/m  with  a  damage  threshold  higher  than  1 . 2kJ/cnr 
at  2936nm  made  tissue  ablation  feasible  with  fibers 
several  meters  in  lengch. 

P8.2 

THE  GROWTH  AND  CHARACTERIZATION  OF  TUNGSTEN  BRONZE 
STRONTIUM  BARIUM  NIOBATE  SINGLE  CRYSTAL  FIBERS. 

Jovca  Yamamoto  and  Amar  Bhalla,  Materials  Research 
Laboratory,  The  Pennsylvania  State  University,  University 
Perk,  PA 

Ferroelectric  strontium  barium  niobate  (SrxBa1.xNb2Oe) 
single  crystal  fibers  have  been  grown  using  a  laser  heated 
pedestal  technique  (LHPG).  SrxBa1.xNb3Oe  crystals  iiave 
appealing  photorefradive  properties,  and  potential  use  in 
optical  processing,  data  storage,  and  sensor  applications. 
Previously,  these  crystals  have  only  been  grown  in  bulk  form 
by  the  Czochralakl  technique  where  a  major  drawback  in 
these  crystals  is  the  presence  of  compositional  striations. 

Single  crystal  fibers  of  compositions  within  the  solid 
solution  range  (x«0.25  to  x-0.75)  were  grown.  Details  of  '.he 
growth  technique  will  be  presented.  The  effect  of  different 
growth  parameters  on  the  resulting  crystal  quality  and  their 
effect  on  property  mesurements  will  also  be  discussed. 
Compositonal  striations  were  not  detected  in  the 
SrjBa^NbjOj  single  crystal  fibers. 

P8.3 

PROTON  EFFECTS  IN  KT1OPO4.  P.A.  Moms.  M.K.  Crawford, 

M.C.  Roelofi,  J.D.  Bierlcin,  E.I.  du  Pom  de  Nemourj  St  Co, 

Inc  ,  Experimental  Station,  Wilmington,  DE  19880,  G.  Gashurov, 
Airtron,  Litton  System,  Inc.,  200  E.  Hanover  Ave.,  Morris 
Plains.  NJ  07950. 

KTIOP04  (KTP)  is  an  optical  crystal  presently  used  for  second 
harmonic  generation  and  electro-optic  applications.  Defects  have 
been  studied  in  KTP  crystals  grown  by  the  high  and  low 
temperature  hydrothermal  and  flux  techniques.  The  dominant  defects 
present  in  KTP  crystals  grown  by  the  hydrothermal  techniques  are 
protons.  While  the  concentrations  of  protons  in  crystals  grown  by 
the  various  techniques  is  similar,  the  distribution  and  temperature 


dependence  of  the  OH*  sites  are  different  The  effects  of  protons  in 
KTP  on  the  dielectric  properties,  ionic  conductivity,  and  damage 
susceptiblity  have  been  studied.  The  relationship  of  the  position  and 
temperature  dependence  of  the  OH*  sites  in  the  lattice  to  the 
observed  properties  is  discussed. 

P8.4 

EXTENDED  X-RAY  ABSORPTION  FINE  STRUCTURE  STUDY  OF 
KNBOj.  K.H.  Kim  (Naval  Research  Laboratory -National 
Research  Council  cooperative  research  associate),  W.T. 
Elam,  E.F.  Skelton  (Naval  Research  Laboratory) 

Extended  x-ray  absorption  fine  structure  of  KNbOj  was 
measured  at  the  K  edge  of  Nb,  at  various  temperatures 
co  include  all  phases  of  the  material.  KNbO-j  has  the 
cubic  perovskite  structure  and  exhibits  four  distinct 
phases.  Understanding  the  nature  of  its  transitions 
will  enhance  the  understanding  of  f erroelectrics  in 
general.  The  experiments  were  done  at  NSLS  X23A2 

beamline  in  transmission  mode  and  the  data  show 

excellent  signal  to  noise  ratio. 

The  first  shell  data  were  analyzed  to  determine  the 
distances  between  Nb  and  0  atoms.  The  single  shell 

amplitude  almost  vanishes  at  k  -  7.4  A**  at  all 

temperatures,  indicating  two  distances  with  a 
separation  of  about  0.21  A.  Nonlinear  fitting  was 
used  to  determine  the  structure  more  carefully  and  data 
at  all  temperatures  can  be  fit  reasonably  well  with  two 
Nb-0  distances.  This  is  in  disagreement  with  the 
displaclve  model  which  implies  only  one  Nb-0  distance 
in  the  cubic  phase  and  three  distances  in  the 
tetragonal  and  orthorhombic  phases. 

Cubic  phase  data  cannot  be  fit  with  only  one  Nb-0 
distance.  Tetragonal  and  orthorhombic  phases  data 
can  be  fit  with  three  Nb-0  distances,  but  the  fit  is 
not  as  good  as  two-distance  fit. 

The  results  suggest  that  the  Nb  atom  is  displaced  along 
(111)  direction  relative  to  the  0  atoms  in  all 
phases.  Thus,  the  transitions  are  not  displacive, 
but  have  a  strong  order-disorder  character.  More 
quantitative  analysis  is  being  done  to  determine  the 
distances  accurately. 

P8.5 

ANALYSIS  OF  THERMAL  VARIATION  OF  LENGTH  AND 
REFRACTIVE  INDEX  OF  LEAD  FLUORIDE  TO  STUDY  ITS 
OPTICAL  PROPERTIES.  Tarlok  S.  Aurora.  Philadelphia 
College  of  Pharmacy  and  Science,  Philadelphia,  pa ; 
Donald  O.  Pederson,  university  of  Arkansas, 
Fayetteville,  AR;  Stephen  M.  Day,  Miami  University, 
Oxford,  OH. 


We  have  measured  thermal  expansion  and  refractive 
index  variation  in  lead  fluoride  using  a  laser 
interf erometer  as  a  function  of  temperature.  Data 
has  been  analyzed  using  Lorentz-Lorenz  relation. 
Molecular  polarizability,  band  gap  and  strain- 
polarizability  parameter  are  studied  as  a  function 
of  temperature.  They  show  a  small  variation  with 
temperature.  Near  the  superionic  phase  transition, 
the  variation  appears  to  be  more  pronounced.  The 
results  will  be  compared  with  those  available  for 
other  fluorides. 

P9.1 

MATERIALS  ANti  processing  requirements  for  efficient 
FIBER  OPTIC  NONLINEAR  DEVICES,  R.H.  Stolen.  AT&T  Bell 
Laboratories,  Holmdel,  NJ  07733 

Nonlinear  optic*  in  *n  optical  fiber  can  be  used  to 
make  a  variety  of  devices  for  the  amplification  or 
control  of  light.  What  keeps  thes#  device*  out  of  the 
realm  of  practical  application  i*  th*  need  for  new 
■atarials  and  Improvements  in  th#  guiding  geometry 
itself.  Tha  problem  i*  that  even  an  enhancement  such 
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as  optical  fiber  interaction  length  does  not  bring  the 
power  requirements  down  to  the  l-100nU  range  desired 
for  compatibility  with  semiconductor  laser  sources. 
The  most  obvious  approach  is  to  try  to  replace  the 
fused  silica  of  the  optical  fiber  core  wich  a  glass 
of  large  nonlinear  response.  This  has  proved  to  be 
difficult  because  improvements  in  nonlinear  response 
seem  to  go  along  with  linear  loss,  processing 
problems,  and  optical  damage.  The  second  approach 
which  is  now  receiving  more  attention  is  to  try  to 
modify  the  properties  of  the  guide  itself  both  to 
Increase  the  efficiency  of  the  interaction  and  to 
optimize  the  fiber  for  the  specific  nonlinear  device. 

P9.2 

CONCENTRATION  AND  DISTRIBUTION  OF  ER  AND  AL  IN  SILICA- 
BASED  FIBERS.  D.V! .  Oblas .  T.  Wei,  W.J.  Miniscalco 
and  B.T.  Hall,  GTE  Laboratories,  Inc.,  Waltham,  MA 
02254 

Rare  earth  doped  optical  fibers  are  now  being  widely 
investigated  for  their  uses  as  lasers  and 
amplifiers.  Silica-based  Er^+-doped  fibers  offer 
the  most  potential  for  an  optical  amplifier  in 
telecommunications  applications.  In  order  to  refine 
the  fabrication  process  and  to  optimize  device 
performance,  it  is  important  to  determine  the 
concentrations  and  the  distribution  of  Er  along  and 
across  the  fiber  core  as  a  function  of  process 
parameters.  Furthermore,  more  accurate 
concentrations  and  Er  profiles  can  improve  the 
comparison  of  the  cross  sections  among  various  Er- 
doped  glasses. 

Secondary  ion  mass  spectrometry  (SIMS)  was  used  to 
measure  the  Er  and  Al  distributions  across  and 
along  Al/Er-codoped  silica  fibers  and  preforms  prepared 
by  a  solution  doping  technique.  Special  (low 
melting)  glass  standards,  containing  known 
concentrations  of  Er,  were  prepared  and  used  to 
calibrate  the  spectrometer  to  obtain  the  Er 
concentration  quantitatively.  It  has  been 
determined  that  the  Er  concentration  varies  along 
the  core  from  1260ppm  to  530ppm  by  measuring  three 
slices  of  the  preform  one-half  inch  apart.  However, 
the  Al  concentration  is  more  constant  both  across  and 
along  the  core  of  these  samples.  Results  will  be 
presented  for  preforms  prepared  under  a  variety  of 
conditions  and  with  different  codopants. 

The  concentrations  were  used  to  calculate  Er 
emission  and  absorption  cross  sections  which  will 
be  compared  to  the  values  obtained  independently 
through  decay  measurements . 

P9.3 

APPLICATION- SPECIFIC  OPTICAL  FIBRES  MANUFACTURED  FROM 
MULTICOMPONENT  CLASSES,  E.R.  Tavlor.  M.  Tachibsna, 
J  Uang  and  D.N.  Payne,  Optical  Fibre  Group. 
Department  of  Electronics  and  Computer  Science, 
University  of  Southampton,  Southampton  S09  5NH ,  UK 

To  date,  silica  has  been  widely  used  in  special  fibres 
for  sensors,  nonlinear  optics  and  rare -earth-doped 
lasers  and  amplifiers,  However,  multicomponent 
glasses  have  a  number  of  advantages  in  areas  where  low 
loss  is  not  essential,  since  they  can  have 
enhanced  magnetic.  electric  and  acoustic 
responses.  Furthermore,  their  third-order  non¬ 
linear  coefficients  can  be  an  order  of  magnitude 
large.  As  rare-earth  host  materials,  they  allow 
tailoring  of  the  local  ionic  environment  which 
produces  major  changes  in  spectral  properties, 
exc i ted- state  absorption,  fluorescent  lifetime  and 
emission  cross-sections. 


We  have  fabricated  optical  fibres  from  both 
commercially-avallable  and  new  multicomponent  glass 
melts.  With  care  and  close  attention  to  glass  matching 
and  processing  conditions,  fibres  with  losses  close 
to  the  intrinsic  loss  of  the  bulk-glass  precursors 
are  obtainable  using  a  modified  rod-in-tube 
technique.  The  flexibility  of  the  fabrication  method 
provides  a  wide  range  of  fibre  designs  for  application 
in  fibre  devices,  fibre  sensors  and  fibre  lasers. 

F-serles  and  SF-series  glasses  exhibit  a  useful 
combination  of  enhanced  Verdet  constant  and  high 
third-order  nonlinearity.  Fibres  for  nonlinear 
devices  and  fibre  sensors  have  been  fabricated  from 
these  glasses  and  the  results  of  device  testing  will 
be  presented. 

P9.4 

CLASSES  FOR  Er3+- DOPED  FIBER  LASERS  AND  OPTICAL 
AMPLIFIERS.  W.J.  Miniscalco.  L.J.  Andrews,  S.  Zemon. 
B.T.  Hall,  T.  Wei.  R.C.  Folweiler;  GTE  Labs.,  Inc.,  40 
Sylvan  Rd. ,  Waltham,  MA  02254. 

Widespread  interest  in  Er’*-doped  optical  fiber  devices 
has  been  stimulated  by  reports  of  excellent  performance 
for  fiber  lasers  and  amplifiers  at  1.5  pm.  The  fibers 
have  been  made  from  silica  codoped  with  combinations  of 
germanium,  phosphorus,  and  aluminum,  or  from 
fluorozirconate  glass.  Although  there  have  been  some 
measurements  of  the  sensitivity  of  the  gain  and  excited 
state  absorption  to  codopants  in  silica  fiber,  the  role 
of  glass  composition  has  not  been  extensively 
documented.  Because  the  gain  and  signal/noise  ratio  of 
three-level  devices  are  quite  sensitive  to  the  relevant 
cross  sections,  we  have  undertaken  an  investigation  of 
the  optical  characteristics  of  Er5*  as  a  function  of 
glass  composition.  The  stimulated  emission  cross 
section  at  1.5  n m  and  the  absorption  cross  sections 
throughout  the  UV,  visible,  and  infrared  have  been 
measured  for  silica,  silicate,  phosphate, 
fluorophosphate ,  and  heavy  metal  fluoride  glasses. 
Silica  was  found  to  have  the  smallest  oscillator 
Strength  (-60  nm) .  Fluorophosphates  are  an 

Intermediate  case  with  bendvidths  that  increase  with 
increasing  fluorine  to  oxygen  ratio.  A  notable 
exception  to  the  general  trend  is  Al-doped  silica  which 
has  a  bandwidth  as  large  as  a  fluorophosphate.  Low 
temperature  photoluminescence  and  excitation  spectra 
have  been  used  to  determine  the  magnitude  of  the  Stark 
splittings  and  the  inhomogeneous  widths  of  the 
individual  transitions-  Because  the  overall  Stark 
splittings  are  large  (-400  cm'1)  compared  to  the 
Inhomogeneous  width  (-10  cm  5) ,  the  behavior  of  the 
system  is  expected  to  be  largely  homogeneous.  The 
comparative  advantages  and  disadvantages  of  the 
different  glass  compositions  in  active  fiber 
applications  will  be  discussed. 

P9.5 

EXCITED  STATE  CROSS  SECTIONS  FOR  Er-DOPED  GLASSES. 
Zemon.  C.  Lambert,  W.  J.  Miniscalco,  L.  J.  Andrews,  and 
B.  T.  Hall,  GTE  Laboratories  Inc.,  40  Sylvan  Road, 
Waltham,  MA  02254 

Ebrium  has  been  shown  to  be  an  important  dopant  for 
fiber  lasers  and  amplifiers  operating  at  1550  nm. 
However,  excited  state  absorption  (ESA)  occurs  in 
several  of  the  principal  pump  bands  and  is  a  major 
impediment  to  device  implementation.  In  particular, 
for  Er**-doped  silica  fibers  pumped  with  AlGaAs  diode 
lasers,  strong  ESA  at  -800  nm  seriously  degrades 
performance.  We  preaent  the  results  of  ESA  experiments 
on  four  glass  compositions  potentially  useful  for 
active  fiber  devices,  i.e.,  phosphates, 
fluorophosphatas ,  heavy-metal  fluorides,  and  silicates. 
To  our  knowledge,  Er5*  ESA  has  not  been  reported  for 
glasses  other  than  allies.  A  S47-nm  pump  and  a  dye- 
laser  probe  were  employed  to  make  the  measurements  in  a 
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collinear  configuration.  Data  were  taken  on  bulk 
material  because  of  the  difficulty  of  synthesizing 
fibers  for  a  large  number  of  glasses.  Saturation 
effects  were  used  to  estimate  the  population  inversion 
and  thus  convert  absorption  data  into  cross  sections. 
Data  on  ESA  cross  sections  (o#)  and  ground  state 
absorption  cross  sections  (a  )  will  be  presented  for 

the  region  between  780  and  900  na,  which  includes  ESA 

bands  at  «800  and  «850  nm.  In  the  800-nm  band 
for  the  phosphates,  f luorophosphates ,  and  silicates. 
The  heavy  metal  fluorides  were  found  to  have 

substantial  populations  in  the  upper  excited  states  for 
our  measurement  conditions  and  ESA  transitions 

originating  from  several  of  these  states  were 
identified.  It  is  interesting  to  note  that  the 
oscillator  strength  of  the  800-nm  ESA  band  is  at  least 
a  factor  of  four  greater  than  that  of  the  850-nm  band 
for  all  samples  tested.  These  results  will  be  compared 
to  a  calculation  based  upon  the  Judd-Ofelt 
approximation. 

P9 . 6 

RARE  EARTH'  DOPED  FIBERS.  Elias  Sniczer,  Rutgers 
University.  Fiber  Optic  Materials  Research  Program, 
PO  Box  909,  Piscacavay,  NJ  08855-0909 

Uith  diode  and  other  laser  sources,  a  number  of  rare 
earth  transitions  have  been  made  to  lase  CU  in  end 
pumping  of  low  loss  silica  or  fluoride  fibers.  The 
latter  is  particularly  interesting  because  its  lower 
energy  phonon  spectrum  permits  efficient  fluorescence 
from  ore  than  one  level  in  some  rare  earths,  such  as 
Er  and  Tm.  which  gives  added  laser  transitions 
and  more  efficient  upconversion.  The  types  of 
laser  operation  and  fiber  configurations  will  be 
reviewed. 

P9.7 

INFRARED  SPECTROSCOPY  OF  PROTONS  IN  KT1OPO4 
M  K  Cn wfnrri.  P.  A.  Morris,  M.  Roelofs,  E.  I.  du  Pont  de 
Nemours  &  Co.,  Experimental  Station,  Wilmington,  DE  19880 
G.  Gashurov,  Airtron.  Litton  Systems,  Inc.,  200  E.  Hanover 
Avenue,  Morris  Plains,  NJ  07950 


KTiOPOs  (KTP)  is  a  new  nonlinear  optical  material  which  is  finding 
considerable  use  in  frequency  generation  and  electro-optics.  KTP 
can  be  grown  hydrothermally  or  by  flux  methods,  but  the  resulting 
materials  are  found  to  have  different  ionic  conductivities  and  damage 
susceptibilities.  We  have  undertaken  a  detailed  infrared  study  of 
materials  prepared  in  various  ways,  including  temperature  dependent 
observations ,  which  illustrate  distinct  differences  between  samples. 
In  particular,  H*  defects,  which  exist  in  KTP  as  isolated  OH"  ions, 
have  complex  polarized  infrared  spectra  indicative  of  the  number  of 
distinct  oxygen  sites  in  the  crystal.  Both  the  H*  site  distribution  and 
the  temperature  dependences  of  the  inflated  linewidths  for  different 
OH'  sites  are  observed  to  vary  in  a  reproducible  and  characteristic 
manner  from  sample  to  sample.  Interpretation  of  the  observations 
will  be  presented. 


OPTICAL  ABSORPTION  AND  EMISSION  IN  RARE 
EARTH  DOPED  HEAVY  METAL  FLUORIDE  GLASSES. 

R  Pafchek.  E.  Snitzer  and  G.H.Sigel  Jr.,  Fiber  Optic 
Materials  Research  Program,  Rutgers  Univ.,  N.J.,  08854 

Heavy  metal  fluoride  glasses  of  ZB  LAN  composition  have 
been  selectively  doped  with  varying  concentrations  of  selected 
rare  earth  ions.  The  characteristics  of  both  the  emission  and 
absorption  spectra  have  been  measured  and  contrasted  with 
those  of  oxide  glasses.  Particular  attention  has  been  given  to 
important  laser  parameters  such  as  quantum  efficiency,  excited 
state  lifetimes  and  concentration  quenching  versus  rare  earth 
concentration.  In  addition,  the  effects  of  co-doping  the  rare 
earths  into  the  host  glass  have  been  studied.  The  potential 
implications  of  the  work  for  laser  device  optimization  will  be 
discussed. 
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ELECTRICAL,  OPTICAL,  AND  MAGNETIC 
PROPERTIES  OF  ORGANIC  SOLID  STATE  MATERIALS 

November  27  -  December  1,  1989 

SESSION  01:  PLENARY  SESSION 
Chair:  Donald  R.  Ulrich 

Monday  Morning,  November  27 
Essex  South  (W) 

8:20  OPENING  REMARKS 

8 : 30  *01.1 

CAN  THE  ORGANIC  SOLID  STATE  PROVIDE  THE  NEXT 
GENERATION  OF  ELECTRICAL,  OPTICAL  AND  MAG¬ 
NETIC  MATERIALS,  Dwaine  0.  Cowan.  The  Johns 
Hopkins  University,  Department  of  Chemistry, 
Baltimore,  MD. 

9:00  *01.2 

STABLE  AND  PROCESSIBLE  CONDUCTING  POLYMERS: 
OPPORTUNITIES  FOR  SCIENCE  AND  TECHNOLOGY, 
Alan  J.  Heeoer .  University  of  California, 
Santa  Barbara,  Institute  for  Polymers  and 
Organic  Solids,  Santa  Barbara,  CA. 

9:45  *01.3 

NONLINEAR  OPTICAL  POLYMERS:  CHALLENGES  AND 
OPPORTUNITIES  IN  PHOTONICS,  A . F .  Garito. 
J.W.  Wu,  University  of  Pennsylvania,  Depart¬ 
ment  of  Physics,  Philadelphia,  PA;  G.F. 
Lipscomb  and  R.  Lytel,  Lockheed  Palo  Alto 
Research  Laboratory,  Palo  Alto,  CA. 

10:30  BREAK 

SESSION  02:  ORGANIC  FERROMAGNETS  m 
Chair:  Fred  Wudl 

Monday  Morning,  November  27 
Essex  South  (W) 

10:45  *02.1 

ELECTRON-DONATING  RADIALENES .  POTENTIAL 
DONORS  FOR  MOLECULAR  ORGANIC  ( SUPER ) CONDUC¬ 
TORS  AND  FERROMAGNETS,  Zen-ichi  Yoshida. 
Toyonari  Sugimoto  and  Yoji  Misaki,  Kyoto 
University,  Department  of  Synthetic  Chemis¬ 
try,  Kyoto,  Japan. 

11:15  02.2 

SYNTHESIS  OF  BULK  HIGH  SPIN  DENSITY  ORGANIC 
SOLIDS  AS  PRECURSORS  TO  ORGANIC  FERROMAG¬ 
NETS,  Long  Y.  Chiang.  Exxon  Research  and 
Engineering  Company,  Corporate  Research 
Laboratory,  Annandale,  NJ;  Ravindra  B. 
Upasani ,  Princeton  University,  Department  of 
Physics,  Princeton,  NJ;  Dave  P.  Goshorn, 
Exxon  Research  and  Engineering  Company,  Cor¬ 
porate  Research  Laboratory,  Annandale,  NJ. 


♦Invited  Paper 


11:45  02.3 

FERROMAGNETIC  INTERNOLECULAR  INTERACTION  AND 
CRYSTAL  STRUCTURE  OF  a-NITRONYL  NITROXIDL, 
Kunio  Awaaa ,  Tamotsu  Inabe  and  Yusei 
Maruyama ,  Institute  for  Molecular  Science, 
Okazaki,  Japan. 

SESSION  03:  CONDUCTING  POLYMERS  fli: 
POLYANILINE 

Chair:  Alan  G.  MacDiarmid 

Monday  Afternoon,  November  27 
Essex  South  (W) 

1:15  *03.1 

THE  POLYANILINES:  A  NOVEL  CLASS  OF  CONDUCT¬ 
ING  POLYMERS,  A.G.  MacDiarmid.  University  of 
Pennsylvania,  Department  of  Chemistry, 
Philadelphia,  PA;  A.J.  Epstein,  The  Ohio 
State  University,  Department  of  Physics  and 
Department  of  Chemistry,  Columbus,  OH. 

1:45  *03.2 

POLYANILINE:  AN  OLD  POLYMER  WITH  NEW  PHYS¬ 
ICS,  A.J.  Eostein.  The  Ohio  State  Univer¬ 
sity,  Department  of  Physics  and  Department 
of  Chemistry,  Columbus,  OH;  and  A.G.  Mac 
Diarmid,  University  of  Pennsylvania,  Depart¬ 
ment  of  Chemistry,  Philadelphia,  PA. 

2:00  03.3 

LOW  ENERGY  ELECTRONIC  TRANSITIONS  OF  POLARON 
BANDS  IN  POLYANILINE,  Sze  Cheng  Yana.  Dan 
Zhang  and  Richard  Cushman,  University  of 
Rhode  Island,  Department  of  Chemistry, 
Kingston,  RI. 

2:15  03.4 

AQUEOUS  COLLOIDAL  DISPERSIONS  OF  POLYANILINE 
PARTICLES,  S.P.  Armes  and  M.  Aldissi .  Los 
Alamos  National  Laboratory,  Materials  Sci¬ 
ence  and  Technology  Division,  Los  Alamos, 
NM. 

2:30  03.5 

INTERCALATIVE  POLYMERIZATION  OF  CONDUCTIVE 
POLYMERS  IN  LAYERED  INORGANIC  HOSTS, 
Mercouri  G.  Kanatzidis.  Chun-Guey  Wu,  Michi¬ 
gan  State  University,  Department  of  Chemi¬ 
stry  and  Center  for  Fundamental  Materials 
Research,  East  Lansing,  MI;  Henry  0.  Marcy, 
Donald  C.  DeGroot  and  Carl  R.  Kannewurf, 
Northwestern  University,  Department  of 
Electrical  Engineering  and  Computer  Science, 
Evanston,  IL. 

2:45  Q3.6 

EXTREME  OXIDATION  OF  POLYTHIOPHENES,  POLY¬ 
PYRROLES,  AND  POLYANILINE:  FINITE  POTENTIAL 
WINDOWS  OF  HICH  CONDUCTIVITY,  David  Of er , 
Richard  M.  Crooks,  and  Mark  S.  Wrighton, 
Massachusetts  Institute  of  Technology, 
Department  of  Chemistry,  Cambridge,  MA. 

3:00  BREAK 
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3:15  03,7 

CHEMICAL  AND  PHYSICAL  STUDIES  OF  SOLUBLE 
PART  OF  EMERALDINE:  ELECTRONIC  AND  MAGNETIC 
PROPERTIES  OF  SHORT  CHAIN  SPECIES, 
Laver sanne .  Centre  de  Recherche  Paul 
Pascal/CNRS,  Pessac,  France. 

3:30  Q3..J? 

POLYANILINE  AS  A  REVERSIBLY  SWITCHABLE 
MATERIAL,  W.-R.  Shieh .  S.C.  Yang,  University 
of  Rhode  Island,  Department  of  Chemistry, 
Kingston,  RI ;  and  C.  Marzzacco,  Rhode  Island 
College,  Department  of  Physical  Sciences, 
Providence,  RI . 

3:45  03.9 

MOISTURE  EFFECTS  IN  THE  CONDUCTING  POLYMER, 
POLYANILINE,  J.P.  Travers.  C.  Menardo  and  M. 
Nechtschein,  CENG,  Grenoble,  France;  S.K. 
Manohar  and  A.G.  MacDiarmid,  University  of 

Pennsylvania,  Department  of  Chemistry, 
Philadelphia,  PA. 

4:00  03.10 

SPECTROSCOPIC  AND  MOLECULAR  WEIGHT  STUDIES 
OF  POLYTOLUIDINES ,  Y.  Wei.  K.F.  Hsueh , 
Drexel  University,  Department  of  Chemistry, 
Philadelphia,  PA;  A.  Ray,  A.G.  MacDiarmid, 
J.  Dykins,  University  of  Pennsylvania, 
Department  of  Chemistry,  Philadelphia,  PA; 
and  A . J .  Epstein,  The  Ohio  State  University, 
Department  of  Physics,  Columbus,  OH. 

4:15  03,11 

ELECTRICALLY  CONDUCTIVE  COMPOSITE  OF  POLY¬ 
ANILINE  AND  POLY ( p-PHENYLENE-TEREPH- 
THALAMIDE) ,  Xian-Tong  Bi .  Chun  Wang  and 
Jing-sheng  Bao,  Academia  Sinica,  Institute 
of  Chemistry,  Beijing,  China. 

4:30  Q3_g2 

INFRARED  REFLECTION-ABSORPTION  STUDY  OF 
ANILINE  ELECTROPOLYMERIZATION  ON  STAINLESS 
STEEL,  F.  Gaillard  and  G.  Bouyssoux,  Univer¬ 
site  Claude  Bernard-LYON  I,  Departement  de 
Chimie  Appliquee  et  Genie  Chimique,  Villeur- 
banne,  France;  and  S.N.  Kumar.  I.N.S.A. 
LYON,  Laboratoire  de  Physique  de  la  Matiere, 
I.N.S.A.  LYON,  Villeurbanne ,  France. 

4:45  Q3 ,13 

ELECTRICAL  PROPERTIES  OF  POLYANILINE-POLYMER 
COMPOSITE  FILMS,  Kechena  Gong  and  Long-gui 
Zhong,  South  China  University  of  Technology, 
Department  of  Polymer  Science,  Guangzhou, 
China. 


SESSION  04:  ORGANIC  SUPERCONDUCTORS  AND 
ORGANIC  METALS  m 
Chair:  Gunzi  Salto 

Tuesday  Morning,  Novemoer  28 
Essex  South  (W) 

8: 30  *04 . 1 

PREPARATION  AND  PROPERTIES  OF  ORGANIC  SUPER¬ 
CONDUCTOR  ^-(BEDT-TTF)2Cu(NCS)2  AND  ITS 
RELATED  MATERIALS,  Gunzi  Saito.  The  Univer¬ 
sity  of  Tokyo,  The  Institute  for  Solid  State 
Physics,  Tokyo,  Japan. 

9:00  *04.2 

FERMI  SURFACE  OF  ORGANIC  METALS  /3-(ET)2IBr2 
AND  p- ( ET ) 2 I3  STUDIED  BY  MEANS  OF  GALVANO- 
MAGNETIC  MEASUREMENTS,  V.N.  Laukhin.  M.V. 
Kartsovnik,  S.I.  Pesotskii,  USSR  Ac.  Sci., 
Institute  of  Chemical  Physics, 
Chernogolovka ,  USSR;  P.A.  Kononovich  and 
I.F.  Schegolev,  USSR  Ac.  Sci.,  Institute  of 
Solid  State  Physics,  Chernogolovka,  USSR. 

9:30  *04.3 

SUPERCONDUCTING  AND  NORMAL  STATE  PROPERTIES 
OF  BEDT-TTF  BASED  ORGANIC  METALS,  Madoka 
Tokumoto,  K.  Murata,  N.  Kinoshita,  H.  Bando, 
K.  Yamaji  and  H.  Anzai,  Electrotechnical 
Laboratory,  Ibaraki ,  Japan. 

10:00  04.4 

HUBBARD  PARAMETERS  IN  ( BEDT-TTF )2X  CRYSTALS, 
Oliver  H.  LeBlanc.  Jr..  Margaret  L.  Blohm, 
and  Richard  P.  Messmer,  General  Electric 
Corporate  Research  and  Development,  Schenec¬ 
tady,  NY. 

10:15  BREAK 

10:30  04.5 

SPECIFIC  HEAT  MEASUREMENTS  ON  K- ( BEDT-TTF ) 2- 
Cu ( NCS ) 2 ,  R.G.  Goodrich  and  Jing-chun  Xu, 
Louisiana  State  University,  Department  of 
Physics  and  Astronomy,  Baton  Rouge,  LA; 
Margaret  Blohm  and  Oliver  LeBlanc,  General 
Electric  Research  and  Development  Center, 
Schenectady,  NY. 

10:45  04.6 

PRESSURE  DEPENDENCE  OF  THE  STRUCTURAL  AND 
ELECTRONIC  PROPERTIES  OF  ORGANIC  SUPERCON¬ 
DUCTORS,  Daniel  Chasseau.  Jacques  Gaultier, 
Hamid  Houbib,  CNRS,  Universite  de  Bordeaux 
I,  Laboratoire  de  Cristallographie ,  Talence, 
France;  Laurent  Ducasse,  CNRS,  Universite  de 
Bordeaux  I,  Laboratoire  de  Physico-Chimie 
Theorigue,  Talence,  France;  Mohammed  Kurmoo 
and  Peter  Day,  Inorganic  Chemistry  Labora¬ 
tory,  Oxford,  United  Kingdom. 
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11:00  04.7 

THIN  FILM  FORMATIONS  OF  CHARGE  TRANSFER 
COMPLEXES  WITH  METALLIC  PROPERTIES  BY  VACUUM 
EVAPORATION  METHODS,  M.  Yudasaka  and  K. 
Nakanishi,  Yokohoma  National  University, 
Department  of  Materials  Chemistry,  Faculty 
of  Engineering,  Yokohama,  Japan;  H.  Yamochi 
and  G.  Saito,  University  of  Tokyo,  Institute 
for  Solid  State  Physics,  Tokyo,  Japan. 

11:15  04.8 

SYNTHESIS,  CRYSTAL  STRUCTURE  AND  SPECTRO¬ 
SCOPIC  STUDIES  OF  NEW  CT  COMPOUNDS  OBTAINED 
BY  REACTION  OF  TTF  AND  THE  P0LY0X0ANI0N 
[Mo6019]2-,  D.  Attanasio,  C.  Bellitto.  M. 
Bonamico,  V.  Fares,  P.  Imperatori,  and  S. 
Patrizio,  ITSE,  CNR,  Monterotondo  (Roma), 
Italy. 

11:30  04.9 

A  NEW  SYNTHETIC  METAL  PRECURSOR:  DIMETHYL- 
TETRATHIOTETRACENE  AND  RELATED  COMPOUNDS, 
Toshio  Maruo,  Megh  Singh  and  M.  Thomas 
Jones .  University  of  Missouri,  St.  Louis, 
Department  of  Chemistry,  St.  Louis,  MO. 

11:45  04.10 

TETRANITROQUINODIMETHANE  ( TNQ )  -  ELECTRON- 

DEFICIENT  PROTOTYPE  FOR  A  NEW  SERIES  OF 
ORGANIC  SOLID  STATE  MATERIALS,  David  J. 
Vanderah .  Richard  A.  Hollins,  Arnold  T. 
Nielsen,  and  Chris  Baur. ,  Naval  Weapons 
Center,  Research  Department,  China  Lake,  CA. 

SESSION  05:  ORGANIC  METALS  fill 
Chair:  Michael  Hanack 

Tuesday  Afternoon,  November  28 
Essex  South  (W) 

1:00  *05.1 

HIGHLY  CONDUCTING  COMPLEXES  OF  METALS  WITH 
air.it  AND  dddt  DITHIOLATE  LIGANDS,  E.B. 
Vaaubski i  .  A. I.  Kotov,  L.I.  Buravov,  A . G . 
Khomenko,  USSR  Ac.  Sci . ,  Institute  of  Chemi¬ 
cal  Physics,  Chernogolovka,  USSR;  V.E. 
Shk lover,  S.S.  Nagapetyan,  Yu.T.  Struchkov, 
USSR  Ac.  Sci.,  A.N.  Nesmeyanov  Institute  of 
Crganoelement  Compounds,  Moscow,  USSR;  and 
L.  Yu.  Ukhin,  Rostov  State  University,  In¬ 
stitute  of  Physical  and  Organic  Chemistry, 
Rostov,  USSR. 


NEW  ELECTRICALLY  CONDUCTING  SOLIDS  BASED  ON 
::ICKEL(II)  -  BIS( 1 , 3-DITHIOLE-2-THIONE-4 ,5- 
DISELENOLATE) ,  A.M.  Kini  .  H.H.  Wang,  M . A . 
Bene,  U.  Geiser,  A.J.  Schultz,  K.D.  Carlson, 
and  J.M.  Williams,  Argonne  National  Labora¬ 
tory,  Chemistry  and  Materials  Science  Divis¬ 
ions,  Argonne,  IL. 


1:45  05.3 

BRIDGED  MACROCYCLIC  TRANSITION  METAL  COM¬ 
PLEXES,  A  NEW  TYPE  OF  SEMICONDUCTING  MATER¬ 
IALS,  Michael  Hanack.  Andreas  Hirsch,  Armin 
Lange,  Manfred  Rein,  Gunter  Renz  und  Petra 
Vermehren,  der  Ur.iversitat  Tubingen,  Lehrst- 
uhl  fur  Organische  Chemie  II,  Institut  fur 
Organische  Chemie,  Tubingen,  West  Germany. 

2:00  05.4 

UNIAXIAL  STRESS  EFFECTS  ON  OPTICAL  ABSORP¬ 
TION  SPECTRA  OF  HIGHLY  ORIENTED  IODINE  DOPED 
PHTHALOCYANINE  FILMS,  Hiroaki  Tsuvos  i  , 
Masako  Yudasaka,  Masatoshi  Tanaka,  Kazumi 
Nakanishi,  and  Susumu  Kurita,  Yokohama 
National  University,  Faculty  of  Engineering, 
Yokohama,  Japan. 

2:15  05.5 

DISCOTIC  LIQUID  CRYSTALLINE  PORPHYRINS: 
PHOTOPHYSICAL  AND  PHOTOELECTRICAL  PROPERTIES 
OF  LARGE-AREA  CRYSTALLINE  FILMS,  Brian  A. 
Gregg .  University  of  Texas  at  Austin,  De¬ 
partment  of  Chemical  Engineering,  Austin, 
TX;  Marye  Anne  Fox  and  Allen  J.  Bard,  Uni¬ 
versity  of  Texas  at  Austin,  Department  of 
Chemistry,  Austin,  TX. 

2:30  BREAK 

SESSION  06:  CONDUCTING  POLYMERS  fill: 
POLYHETEROCYCLICS 
Chair:  Arthur  J.  Epstein 

Tuesday  Afternoon,  November  28 
Essex  South  (W) 

2:45  Ofc.l 

LANGMUIR-BLODGETT  FILMS  OF  CONDUCTING  POLY¬ 
MERS,  T .  A .  Skotheim.  X.Q.  Yang,  J.  Chen, 
H.S.  Lee,  Brookhaven  National  Laboratory, 
Upton,  NY;  Y.  Okamoto,  Polytechnic  Univer¬ 
sity,  Brooklyn,  NY;  M.L.  denBoer,  Hunter 
College  of  CUNY,  New  York,  NY;  M.F.  Rubner, 
Massachusetts  Institute  of  Technology, 
Cambridge,  MA;  S.  Tripathy,  University  of 
Lowell,  Lowell,  MA. 

3:00  06.2 

LANGMUIR-BLODGETT  MULTILAYER  THIN  FILMS  OF 
ELECTRICALLY  CONDUCTIVE  POLYMERS,  M.F. 
Rubner,  I.  Watanabe,  K.  Hong  and  R.  Rosner, 
Massachusetts  Institute  of  Technology, 
Department  of  Materials  Science  and  En¬ 
gineering,  Cambridge,  MA. 

3:15  06 . 3 

HETEROCYCLIC  POLYMERS  AND  COPOLYMERS  WITH 
CONTROLLED  OPTOELECTRONIC  PROPERTIES,  Jose 
P.  Ruiz,  Kasinath  Nayak,  Dennis  S.  Marynick, 
and  John  R.  Reynolds.  The  University  of 
Texas  at  Arlington,  Center  for  Advanced 
Polymer  Research,  Department  of  Chemistry, 
Arlington,  TX. 
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3 : 30  06.4 

SYNTHESIS,  STRUCTURE,  INFRARED  SPECTRA,  AND 
IODINE  DOPING  OF  UNSUBSTITUTED  POLYAZINES, 
William  B.  Euler  and  Benjamin  C.  Gill, 
University  of  Rhode  Island,  Department  of 
Chemistry,  Kingston,  R1 . 

3:45  06.5 

MODEL  THIOPHENE  OLIGOMERS:  ELECTRONIC 

PROPERTIES  AND  THIN  FILM  DEVICES,  Denis 
Fichou  .  Gilles  Horowitz,  and  Francis 
Gamier,  C.N.R.S.,  Laboratoire  des  Materiaux 
Moleculaires ,  Thiais,  France. 

4 : 00  06.6 

PHOTOLUMINESCENCE,  ESR,  AND  ODMR  STUDIES  OF 
PRISTINE  AND  PHOTODEGRADED  POLY ( 3-HEXYL- 
THIOPOHENE )  FILMS  AND  SOLUTIONS,  L.S. 
Swanson,  L.R.  Lichty,  J.  Shinar.  Iowa  State 
University,  Ames  Laboratory-USDOE  and  Phys¬ 
ics  Department,  Ames,  IA;  and  K.  Yoshino, 
Osaka  University,  Department  of  Electrical 
Engineering,  Osaka,  Japan. 

4:15  06.7 

HELICAL  CONFORMATIONS  OF  POLYTHIOPHENE, 
POLYPYRROLE  AND  THEIR  DERIVATIVES,  Miklos 
Kertesz  and  C.X.  Cui ,  Georgetown  University, 
Department  of  Chemistry,  Washington,  DC. 

4:30  06.8 

RESONANT  RAMAN  SCATTERING  OF  POLY-3 -HEPTYL- 
THIOPHENE ,  C.  Botta ,  A.  Bolognesi ,  C. 
Catellani,  and  S.  Luzzati .  Istituto  di 
Chimica  delle  Macromolecole ,  Milano,  Italy. 

4:45  *06.9 

OPTICAL,  ELECTROCHEMICAL  AND  STRUCTURAL 
PROPERTIES  OF  POLY ( THIENYLENE  VINYLENES)  AND 
POLY ( PHENYLENE  VINYLENES),  H.  Eckhardt ,  K.Y. 
Jen,  C.C.  Han,  L.W.  Shacklette  and  R. L. 
Elsenbaumer .  Allied-Signal,  Inc.,  Morris¬ 
town,  NJ. 

SESSION  07:  POSTER  SESSION 
Chair:  Sze  C.  Yang 

Tuesday  Evening,  November  28 
7:00  p.m.  -  10:00  p.m. 

America  Ballroom  (W) 

07.1  ENHANCEMENT  OF  THE  MAGNETIC  SUSCEP¬ 

TIBILITY  OF  AN  ORGANIC  COMPLEX,  G . J  ■ 
Ashwell .  A.T.  Fraser,  and  P.J.  Martin,  Cran- 
field  Institute  of  Technology,  Centre  for 
Molecular  Electronics,  Cranfield,  United 
Kingdom. 

07.2  NOVEL  MATERIALS  FOR  OPTICAL  DATA 

STORAGE,  Geoffrey  J.  Ashwell  and  Marek 
Szablewski,  Cranfield  Institute  of  Tech¬ 
nology,  Centre  for  Molecular  Electronics, 
Oal,  United  Kingdom. 


07.3  EFFECTS  OF  IN-PLANE  V '  BONDING  ON 

ELECTRONIC  TRANSITION  ENERGIES  FOR  INORGANIC 
POLYMERS,  Kim  F.  Ferris.  Battel 1 e-Pac i f i c 
Nortnwest  Laboratory,  Richland,  WA. 

07.4  SURFACE  PLASMONS  IN  THIN  FILM 

DIELECTRICS,  S.M.  Rlsser  and  K.T.  Ferris, 
Battelle-Pacific  Northwest  Laboratory,  Rich¬ 
land,  WA. 

07.5  PHYSICAL  CHARACTERIZATION  OF  OR¬ 

GANIC  RADICALS  BY  LOW-FIELD  ESR  SPECTROMET¬ 
RY,  Mehdi  Moussavi .  Marc  Beranger,  Denis 
Duret,  Nelly  Kernevez,  and  Liliane 
Secourgeon,  CEA-IRDI ,  Grenoble,  France. 

07.6  STUDIES  ON  THE  FORMATION  OF  SWITCH¬ 

ING  AND  MEMORY  STORAGE  MATERIALS  CONSTRUCTED 
FROM  METALLO- ORGANIC  CHARGE-TRANSFER  SALTS, 
Hailing  Duan.  Dwaine  O.  Cowan,  The  Johns 
Hopkins  University,  Department  of  Chemistry, 
Baltimore,  MD;  and  Jerome  Kruger,  The  Johns 
Hopkins  University,  Department  of  Materials 
Science  and  Engineering,  Baltimore,  MD. 

07.7  OPTICAL  STUDIES  OF  POLYANILINES: 

EFFECTS  OF  ALKYL  RING-SUBSTITUTION  AND 
SOLVENT  ENVIRONMENT,  A.  Ray.  A .  G  . 
MacDiarmid,  University  of  Pennsylvania, 
Department  of  Chemistry,  Philadelphia,  PA; 
J.M.  Ginder  and  A.J.  Epstein,  Ohio  State 
University,  Department  of  Physics,  Columbus, 
OH. 

07.8  SPECTRO-ELECTROCHEMICAL  STUDY  OF 

RING-SUBSTITUTED  POLYANILINE:  POLY ( 2-METHOX- 
YANILINE  )  AND  POLY ( 2 , 5-DIMETHOXYANILINE ) , 
Robert  Clark  and  Sze  C.  Yang,  University  of 
Rhode  Island,  Department  of  Chemistry, 
Kingston,  RI . 

07,9  ELECTRON  PARAMAGNETIC  RESONANCE 

STUDIES  OF  DONOR-ACCEPTOR  SALTS  IN  POLYMER 
MEDIA,  S.A.  Jansen  and  Y.C.  Fann .  Temple 
University,  Department  of  Chemistry  and 
Materials  Science,  Philadelphia,  PA. 

07.10  HALL  EFFECT  AND  MAGNETORESISTANCE 
IN  UNDOPED  POLY ( 3HEXYLTHI0PHENE ) ,  Azar 
Assadi  .  Christer  Svensson  and  Magnus 
Willander,  Linkoping  University,  Department 
of  Physics  and  Measurement  Technology, 
Linkoping,  Sweden. 

07.11  ELECTRON  TUNNELING  BETWEEN  CHARGE 
DENSITY  WAVE  (CDW)  AND  NORMAL  METAL  AND 
BETWEEN  TWO  CDW's,  Xiao  Zhou  Huang  and 
Kazumi  Maki ,  University  of  Southern  Cali¬ 
fornia,  Department  of  Physics,  Los  Angeles, 
CA. 
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07.12  BELOW-GAP  PICOSECOND  PHOTOCONDUC- 
TIVE  RESPONSE  OF  STRETCHED  TRANS-POLYACETY¬ 
LENE,  A .  Walser .  R.  Dorsinville,  R.R. 
Alfano,  City  College  of  New  York,  Physics 
and  Electrical  Engineering  Departments,  New 
York,  NY;  G.  Dellepiane,  Universita'  di 
Genova,  Genova,  Italy;  and  R.  Tubino, 
Istituto  di  Fisica  de 1 1 ' Universita  '  , 
Sassari ,  and  CNR,  Istituto  di  Chimica  delle 
Macromolecole,  Milan,  Italy. 

07.13  THE  PENN  STATE  5-100  GHz  FREE-SPACE 
MICROWAVE  CHARACTERIZATION  SETUP,  Deepak  K. 
Ghodaaonkar .  Vijay  K.  Varadan,  and  Vasundara 
V.  Varadan,  Pennsylvania  State  University, 
Research  Center  for  the  Engineering  of 
Electronic  and  Acoustic  Materials,  Univer¬ 
sity  Park,  PA. 

07.14  DONOR-ACCEPTOR  MOLECULES  FOR  SECOND 
HARMONIC  GENERATION,  Malcolm  R.  McLean, 
Mamoun  M.  Badr .  Larry  R.  Dalton,  University 
of  Southern  California,  Department  of  Chem¬ 
istry,  Los  Angeles,  CA;  Robert  L.S.  Devine 
and  William  H.  Steier,  University  of 
Southern  California,  Department  of  Electri¬ 
cal  Engineering,  Los  Angeles,  CA. 

07.15  EFFECTS  OF  CONJUGATION  LENGTH  AND 
SUBSTITUENTS  ON  THE  CONDUCTIVITY  OF  OXIDA¬ 
TIVELY  DOPED  a  ,6J-DIPHENYLP0LYENES ,  Linda  S. 
Sapochak .  Dave  W.  Pol is.  Art  N.  Bain,  Larry 
R.  Dalton,  University  of  Southern  Califor¬ 
nia,  Department  of  Chemistry,  Los  Angeles, 
CA;  Charles  W.  Spangler,  Northern  Illinois 
University,  DeKalb,  IL. 

07.16  CHARGE  TRANSFER  COMPLEX  OF  HEXAKIS 
(ALKYLTHIO)  BENZENE  WITH  TETRAFLUOROTETRACY- 
ANOQUINODIMETHANE  ( t-EDTB ) j  TCNQF„:  A  QUEST 
FOR  TRIPLET  STATE,  Daniel  Chasseau .  Marc 
Alleaume,  Georges  Bravic,  CNRS,  Laboratoire 
de  Cristallographie  et  Physique  Cristalline, 
Rene  Lapouyade,  ENSCP  Bordeaux  Laboratoire 
de  Photophysique  et  Photochimie  Moleculaire, 
Talence,  France;  Jean-Pierre  Morand,  ENSCP 
Bordeaux,  Talence  France;  Jacques  Amiell  and 
Pierre  Delhaes,  CNRS,  Domaine  Universitaire 
de  Bordeaux  I,  Centre  de  Recherche  Paul 
Pascal,  Talence,  France. 

07.17  FERROMAGNETIC  INTERACTIONS  IN  A 
SERIES  OF  SCHIFF-BASE  METAL-ORGANIC  POLY¬ 
MERS,  F.  Palacio.  J.  Garin,  J.  Reyes,  and 
F.J.  Lazaro,  C . S . I . C . -Un iversidad  de 
Zaragoza,  I.C.M.A.,  Zaragoza,  Spain. 


SESSION  08:  ORGANIC  FERROMAGNETS  fill 
Chair:  J.B.  Torrance 
Wednesday  Morning,  November  29 
Essex  South  (W) 

8:15  *08.1 

MAGNETISM  IN  DECAMETHYLFERROCENIUM  TETRACY- 
ANOETHANIDE,  f  DMeFc  ]  +[TCNE ]  ~  AND  RELATED 
SYSTEMS,  Arthur  J.  Epstein.  The  Ohio  State 
University,  Department  of  Physics  and  De¬ 
partment  of  Chemistry,  Columbus,  OH;  and 
Joel  S.  Miller,  E.  I.  duPont  de  Nemours  & 
Co.,  Inc.,  Central  Research  and  Development 
Department,  Wilmington,  DE. 

8:45  *08.2 

FERROMAGNETIC  INTERACTIONS  IN  ORGANIC 
SOLIDS:  AN  OVERVIEW  OF  THEORY  AND  EXPERI¬ 
MENT,  J.B.  Torrance.  IBM  Almaden  Research 
Center,  San  Jose,  CA. 

9:15  *08.3 

RECENT  PROGRESS  IN  THE  PREPARATION  OF  OR¬ 
GANIC  METALS  AND  ORGANIC  FERROMAGNETS,  Fred 
Wudl .  Fritz  Closs,  Pierre-Marc  Allemand, 
Gordana  Srdanov,  Toshiyasu  Suzuki,  Heiki 
Isotalo,  Hamid  Kasmai,  and  Hideki  Yamochi, 
University  of  California  at  Santa  Barbara, 
Institute  for  Polymers  and  Organic  Solids, 
Departments  of  Physics  and  Chemistry,  Santa 
Barbara,  CA. 

9:45  *Q8 -  4 

MAGNETIC  PROPERTIES  OF  MICROCRYSTALLINE 
"POLY- ( PHENYLDIACETYLENES ) "  CARRYING  RADICAL 
OR  CARBENE  CENTERS  ON  THE  SIDE  CHAINS, 
Noboru  Koga,  Katsuya  Inoue,  Noriko  Sasagawa, 
and  Hiizu  Iwamura.  The  University  of  Tokyo, 
Department  of  Chemistry,  Tokyo,  Japan. 

10:15  BREAK 

10:30  *Q8 . 5 

ROLE  OF  TOPOLOGY  IN  SPIN  ALIGNMENT  OF  OR¬ 
GANIC  MATERIALS,  Koichi  Itoh.  Takeji  Takui , 
Yoshio  Teki  and  Takamasa  Kinoshita,  Osaka 
City  University,  Faculty  of  Science,  Depart¬ 
ment  of  Chemistry,  Osaka,  Japan. 

11:00  08.6 

ROLE  OF  HIGH-SPIN  MOLECULES  AS  MODELS  FOR 
ORGANIC  FERRO-  AND  FERRIMAGNETS ,  AND  PI- 
TOPOREGULATED  MAGNETIC  POLYMERS,  Takeii 
Takui .  Masayuki  Okamoto,  Kazunobu  Satoh, 
Toyohiro  Shichiri,  Yoshio  Teki,  Takamasa 
Kinoshita  and  Koichi  Itoh,  Osaka  City  Uni¬ 
versity,  Faculty  of  Science,  Department  of 
Chemistry,  Osaka,  Japan. 

11:15  Q8.7 

THERMAL  STABILITY  OF  MAGNETIC  PROPERTIES  OF 
DEHYDROGENATED  TRI - ARYLMETHANE  RESINS, 
Michiva  Ota.  Gunma  College  of  Technology, 
Maebashi,  Gunma,  Japan;  and  Sugio  Otani, 
Gunma  University,  Faculty  of  Engineering, 
Kiryu-shi,  Gunma,  Japan. 


559 


11:30  08.8 

P0LYPHEN0XY  RADICALS  :  SYNTHESIS  AND  HOMO¬ 
POLYMERIZATION  3, 5-DI-tert-BUTYL-4 -HYDROXY- 
PHENYL  DERIVATIZED  OLEFINS  AND  METHACRY¬ 
LATES,  Ravindra  B.  Upasani.  Exxon  Research 
and  Engineering  Company,  Annandale,  NJ  and 
Princeton  University,  Department  of  Physics, 
Princeton,  NJ;  Long  Y.  Chiang  and  Dave  P. 
Goshorn,  Exxon  Research  and  Engineering 
Company,  Corporate  Research  Laboratories, 
Annandale,  NJ. 

11:45  08.9 

ORGANIC  POLYRADICAL  MODELS  FOR  ORGANIC 
MAGNETIC  MATERIALS,  David  A.  Modarelli, 
Frank  C.  Rossitto,  Masaki  Minato  and  Paul  M. 
Lahti .  University  of  Massachusetts,  Depart¬ 
ment  of  Chemistry,  Amherst,  MA. 

SESSION  09:  NON-LINEAR  OPTICAL  MOLECULES 
Chair:  J.  Zyss 

Wednesday  Afternoon,  November  29 
Essex  South  (W) 

1:00  *09.1 

SYMMETRY,  CHEMISTRY  AND  OPTICS:  A  COMBINED 
APPROACH  TO  MOLECULAR  ENGINEERING  IN  NON¬ 
LINEAR  OPTICS,  J.  Zvss .  CNET  (LA  CNRS ) 
Bagneux,  France. 

1:30  *09.2 

NEW  SECOND-ORDER  NONLINEAR  OPTICAL  ORGANIC 
CRYSTALS,  D.S.  Donald.  L.-T.  Cheng,  E.  I. 
duPont  de  Nemours  &  Co.,  Inc.,  Central 
Research  and  Development  Department,  Ex¬ 
perimental  Station,  Wilmington,  DE;  G. 
Desiraju,  University  of  Hyderabad,  School  of 
Chemistry,  Hyderabad,  India;  G.R.  Meredith, 
and  F.C.  Zumsteg ,  E.  I.  duPont  de  Nemours  & 
Co.,  Inc.,  Central  Research  and  Development 
Department,  Experimental  Station,  Wil¬ 
mington,  DE. 

2:00  09.3 

SYNTHESIS,  THERMAL  BEHAVIOR,  AND  SECOND- 
ORDER  NONLINEAR  OPTICAL  PROPERTIES  OF  CON¬ 
JUGATED,  ACCEPTOR/DONOR  COMPOUNDS,  James  F. 
Wolfe .  Susan  P.  Ermer,  Steven  M.  Love joy, 
Doris  S.  Leung,  Ken  Aron,  Glenn  A.  Hansen, 
Lockheed  Missiles  and  Space  Company,  Inc.  , 
Palo  Alto,  CA;  and  Steven  P.  Bitler,  SRI 
International,  Menlo  Park,  CA. 

2:15  09.4 

MATERIALS  FOR  A  MULTI FREQUENCY  PHOTOCHROMIC 
MEMORY,  Geoffrey  J.  Ashwell  and  Marek 
Szablewski,  Cranfield  Institute  of  Tech¬ 
nology,  Centre  for  Molecular  Electronics, 
Cranfield,  United  Kingdom. 

2:30  09.5 

ELECTRO-OPTIC  AND  NONLINEAR  OPTICAL  PROPER¬ 
TIES  OF  2 , 6-DIBROMO-N-METHYL-4-NITROANILINE 
( DBNMNA )  CRYSTALS,  Aiav  Nahata .  Keith  A. 
Horn,  and  James  T.  Yardley,  Allied-Signal, 
Inc.,  Morristown,  NJ. 


2:45  09.6 

QUADRATIC  NONLINEAR  OPTICAL  PROPERTIES  OF 
DIVA  CRYSTAL,  Tatsuo  Wada ,  C.H.  Grossman, 
Shinji  Yamada,  Akira  Yamada ,  A . F.  Garito, 
and  Hiroyuki  Sasabe,  Frontier  Research 
Program  (RIKEN) ,  Saitama,  Japan. 

3:00  BREAK 

3:15  09.7 

EFFICIENT  SECOND  HARMONIC  GENERATION  OB¬ 
SERVED  IN  HYDRAZONE  DERIVATIVES  OF  AROMATIC 
ALDEHYDES,  Richard  S.  Potember .  Karen  A. 
Stetyick,  and  Robert  C.  Hoffman,  The  Johns 
Hopkins  University,  Applied  Physics  Labora¬ 
tory,  Laurel,  MD. 

3:30  09.8 

FERROELECTRICITY  OF  CHIRAL  COMPOUNDS  IN 
HIGHLY  ORDERED  SMECTIC  PHASES,  W,  Haase. 
A.M.  Biradar,  and  S.  Wrobel,  Institut  fur 
Physikalische  Chemie,  Technische  Hochschule, 
Darmstadt,  Federal  Republic  of  Germany. 

3:45  09.9 

LANGMUIR -BLODGETT  FILMS  OF  UNIDIMENSIONAL 
ORGANIC  RECTIFIERS,  Robert  M.  Met2aer , 
University  of  Alabama,  Department  of  Chemis¬ 
try,  Tuscaloosa,  AL;  and  Charles  A.  Panetta, 
University  of  Mississippi,  Department  of 
Chemistry,  University,  MS. 

4 : 00  09.10 

L.B.  FILM  EXHIBITING  COOPERATIVE  SPIN  TRAN¬ 
SITION,  FOR  2D  MOLECULAR  MEMORY  DEVICES, 
Philippe  Coronel,  Annie  Ruaudel-Teixier  and 
A.  Barraud,  CEA-IRDI-DESICP-DLPC/SCM, 
CEN.SACLAY,  Gif-sur-Yvette ,  France. 

4:15  09.11 

EFFECTS  OF  MOLECULAR  RIGIDITY  ON  ELECTRIC 
FIELD-INDUCED  ALIGNMENT  AND  ORIENTATIONAL 
STABILITY  OF  DIPOLAR  CHROMOPHORE  COMPOSITES, 
H.E.  Katz  and  M.L.  Schilling,  AT&T  Bell 
Laboratories,  Organic  Chemistry  Research  and 
Development,  Murray  Hill,  NJ;  W.R.  Holland, 
and  K.D.  Singer,  AT&T  Bell  Laboratories, 
Engineering  Research  Department,  Princeton, 
NJ. 

4  :  30  09.12 

ZINC  TRIS( THIOUREA)  SULFATE,  A  PROTOTYPE 
SEMIORGANIC  NON-LINEAR  OPTICAL  MATERIAL, 
P.R.  Newman.  L.F.  Warren,  E.F.  Wituchi,  M.D. 
Ewbank,  D.E.  Cooper,  Rockwell  International 
Science  Center,  Thousand  Oaks,  CA;  and  G. 
Burdge,  Laboratory  for  Physical  Sciences, 
College  Park,  MD. 

4:45  09.13 

CARRIER  INJECTION  MECHANISM  THROUGH  ORGANIC/ 
ORGANIC  JUNCTIONS,  Syun  Eousa .  Nobuhiro 
Gemma,  Akira  Miura,  and  Makoto  Azuma , 
Toshiba  Research  and  Development  Center, 
Kawasaki  City,  Japan. 
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SESSION  010:  CONDUCTING  POLYMERS  'TIT): 
POLYACETYLENE  AND  POLYSILANE 
Chair:  R.  H.  Friend 
Thursday  Morning,  November  30 
Essex  South  (W) 

8:15  *010.1 

INSULATOR-METAL  TRANSITION  AND  CONDUCTION 
PROCESSES  IN  TRANS-POLYACETYLENE,  E. W. 
Conwell .  H.A.  Mizes,  and  S.  Jeyadev,  Xerox 
Corporation,  Webster  Research  Center,  Webs¬ 
ter  ,  NY . 

8:45  010.2 

DETERMINATION  OF  CORRELATION  PARAMETERS  IN 
CONJUGATED  POLYMERS,  J.  Tinka  Gammel.  D.K. 
Campbell,  E.Y.  Loh  Jr.,  Los  Alamos  National 
Laboratory,  Los  Alamos,  NM;  S.  Mazumdar, 
University  of  Arizona,  Department  of  Phys¬ 
ics,  Tucson,  AZ;  and  S.N.  Dixit,  Lawrence 
Livermore  National  Laboratory,  Livermore, 
CA. 

9:00  010.3 

OPTICAL  SPECTROSCOPY  OF  THE  CHARGE  ACCUMULA¬ 
TION  LAYER  IN  POLYMERIC  SEMICONDUCTOR  MIS 
AND  MISFET  STRUCTURES,  J.H.  Burroughes ,  R.A. 
Lawrence,  and  R.H.  Friend.  Cavendish  Labora¬ 
tory,  Cambridge,  United  Kingdom. 

9:15  010.4 

OPTICAL  PROPERTIES  OF  POLYACETYLENE  OLIGO¬ 
MERS,  H.  Schaffer.  R.R.  Chance,  Exxon  Re¬ 
search  and  Engineering  Company,  Corporate 
Research,  Annandale,  NJ;  K.  Knoll,  R.R. 
Schrock  and  R.  Silbey,  Massachusetts  In¬ 
stitute  of  Technology,  Chemistry  Department, 
Cambridge,  MA. 

9:30  010.5 

DECISIVE  STEPS  IN  THE  PRODUCTION  OF  HIGHLY 
CONDUCTING-CRYSTALLINE  POLYMERS,  Nicolas 
Theophilou .  Institute  for  Polymers,  Athens, 
Greece,  and  University  of  Pennsylvania, 
Department  of  Chemistry,  Philadelphia,  PA. 

9:45  010.6 

PHOTOCONDUCTIVE  RESPONSE  AND  INTERCHAIN 
INTERACTIONS  IN  HIGHLY  ORIENTED  POLYACETYL¬ 
ENE,  R.  Tubino.  Istituto  di  Fisica  dell'Uni- 
versita',  Sassari,  and  CNR,  Istituto  di 
Chimica  delle  Macromolecole ,  Milan,  Italy; 
G.  Dellepiane,  Universita'  di  Genova,  Geno¬ 
va,  Italy;  and  A.  Walser,  R.  Dorsinville, 
R.R.  Alfano,  City  College  of  New  York, 
Physics  and  Electrical  Engineering  Depart¬ 
ments,  New  York,  NY. 

10:00  Qlfl.,7 

1J3Cs  NMR  STUDIES  OF  HIGHLY  CESIUM  DOPED 
POLYACETYLENE,  F.  Rachdi  ■  P.  Bernier,  K. 
Zniber,  USTL,  Groupe  de  Dynamique  des  Phases 
Condens^es,  Montpellier,  France. 


10:15  010.8 

REVERSIBLE  PHOTOPRODUCTION  OF  STABLE  CHARGED 
DEFECTS  IN  TRANS-POLY ACETYLENE  WITH  MID¬ 

BAND-GAP  PHOTOLYSIS,  Carolyn  F.  Hoener 
Lawrence  Berkeley  Laboratory,  Laboratory  of 
Chemical  Biodynamics,  Berkeley,  CA,  and 
University  of  Texas  at  Austin,  Department  of 
Chemistry,  Austin,  TX. 

10:30  BREAK 

10:45  010.9 

CONDUCTING  AND  NONLINEAR  OPTICAL  POLYMERS 
FROM  DIETHYNYLSILANES ,  T.J.  Barton.  S. 
I jadi-Maghsoodi ,  Y.  Pang,  J.  Shinar,  Q.-X. 
Ni,  Ames  Laboratory/Iowa  State  University, 
Ames,  IA;  Z.V.  Vardeny,  University  of  Utah, 
Salt  Lake  City,  UT;  and  S.  Grigoras,  Dow 
Corning  Corporation,  Midland,  MI. 

11:00  010.10 

THERMALLY  ACTIVATED  CHARGE  HOPPING  TRANSPORT 
STUDIES  IN  A  Z-CONJUGATED  POLYMER,  L.  Samuel 
and  P.N.  Sanda,  IBM  T.J.  Watson  Research 
Center,  Yorktown  Heights,  NY;  and  R.D. 
Miller  and  D.  Thompson,  IBM  Almaden  Research 
Center,  San  Jose,  CA. 

11:15  010.11 

FREE  CARRIER  BAND  GAP  IN  POLY (PHENYL  METHYL 
SILANE),  R.G.  Kepler  and  J.M.  Zeigler, 
Sandia  National  Laboratories,  Albuquerque, 
NM. 

11:30  010.12 

ESR  STUDIES  OF  CHARGE  TRANSPORT  AND  CARRIER 
DENSITY  IN  Z-CONJUGATED  POLYMER  SYSTEMS, 
J.T.  Riley,  S.A.  Jansen,  Temple  University, 
Philadelphia,  PA;  and  Pia  N.  Sanda,  IBM  T.J. 
Watson  Research  Center,  Yorktown  Heights, 
NY. 

11:45  010.13 

THE  DOPING  OF  POLY-p-PHENYLENE  SULFIDE  AND 
ITS  OLIGOMERS:  A  SPECTROSCOPICAL  STUDY,  K 
Piaaaio .  C.  Cuniberti,  G.  Dellepiane,  Uni¬ 

versita  di  Genova,  Istituto  di  Chimica 
Industriale,  Genova,  Italy. 

SESSION  Oil:  SPIN  DENSITY  WAVES 
Chair:  Paul  Chaikin 

Thursday  Afternoon,  November  30 
Essex  South  (W) 

1:30  *011.1 

THE  DYNAMICS  OF  SPIN  DENSITY  WAVES,  George 
Gruner .  University  of  California,  Los  An¬ 
geles,  Dept,  of  Physics,  Los  Angeles,  CA. 

2:00  *011.2 

BIDIMENTIONAL  CRITICAL  BEHAVIOUR  AND  COM¬ 
PETITION  BETWEEN  ORDER  PARAMETERS  IN  THE 
ORGANIC  METAL  (TMTSF) 2C104 ,  P.  Garoche .  F. 
Pesty,  M.  Heritier,  Laboratoire  de  Physique 
des  Solides,  University  de  Paris,  orsay, 
France . 
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2:30  *011.3 

HIGH  MAGNETIC  FIELD  PHASES  OF  THE  (TMTSF)2X 
(X  =  C104,PF6)  CHARGE  TRANSFER  COMPLEXES, 

James  S.  Brooks.  Boston  University,  Physics 
Department,  Boston,  MA. 

3:00  011.4 

HIGH  FIELD  MAGNETIZATION  STEPS  AT  THE  RE¬ 
ENTRANT  METAL  TO  SPIN  DENSITY  WAVE  LINE  IN 
(TMTSF) 2C104,  M.J.  Nauahton.  State  Univer¬ 
sity  of  New  York  at  Buffalo,  Buffalo,  NY? 
R.V.  Chamberlin,  Arizona  State  University, 
Tempe,  AZ;  P.M.  Chaikin,  Princeton  Univer¬ 
sity,  Princeton,  NJ  and  Exxon  Research  and 
Engineering,  Annandale,  NJ?  L.Y.  Chiang, 
Exxon  Research  &  Engineering,  Annandale,  NJ. 

3:15  BREAK 

3:30  011.5 

A  NEW  THEORETICAL  MODEL  FOR  THE  SPIN  DENSITY 
WAVE  TRANSITIONS  IN  ORGANIC  CHARGE  TRANSFER 
SOLIDS,  E.Y.  Loh,  Jr.  and  David  K.  Campbell, 
Los  Alamos  National  Laboratory,  Los  Alamos, 
NM?  and  Sumit  Mazumdar.  University  of  Ari¬ 
zona,  Physics  Department,  Tucson,  AZ. 

3:45  011.6 

SOUND  PROPAGATION  IN  CDW  AND  SDW,  Attila 
Virosztek,  University  of  Virginia,  Charlot¬ 
tesville,  VA?  and  Kazumi  Maki .  University  of 
Southern  California,  Los  Angeles,  CA. 

4:00  011.7 

SOUND  VELOCITY  STUDIES  OF  THE  BECHGAARD 
SALTS  (TMTSF)2C104  AND  ( TMTSF )2PF6,  X-D. 
Shi .  University  of  Pennsylvania,  Department 
of  Physics,  Philadelphia,  PA  and  Princeton 
University,  Department  of  Physics, 
Princeton,  NJ?  P.M.  Chaikin,  Princeton 
University,  Department  of  Physics, 
Princeton,  NJ  and  Exxon  Research  and  En¬ 

gineering  Company,  Annandale,  NJ?  L.  Y. 
Chiang,  Exxon  Research  and  Engineering 
Company,  Annandale,  NJ?  and  R.  Upasani, 
Princeton  University,  Department  of  Physics, 
Princeton,  NJ  and  Exxon  Research  and  En¬ 

gineering  Company,  Annandale,  NJ. 

4:15  011.8 

SOUND  VELOCITY  MEASUREMENTS  IN  ( TMTTF ) 2X  (X 
=  Re04 ,  SbF6 )  SALTS ,  S.E.  Brown  ,  H . H . S . 
Javadi,  Los  Alamos  National  Laboratory,  Los 
Alamos,  NM?  and  R.  Laversanne,  Centre  de 
Recherche  Paul  Pascal,  CNRS,  Domaine  Univer- 
sitaire  de  Bordeaux,  Talence,  France. 


4:30  Q11.9 

QUANTUM  HALL  EFFECT  AND  RAPID  OSCILLATIONS 
IN  (TMTSF)2PF6  UNDER  PRESSURE,  S.  Hannahs. 
J.  Brooks,  Boston  University,  Department  of 
Physics,  Boston,  MA?  W.  Kang,  Princeton 
University,  Department  of  Physics,  Prince¬ 
ton,  N J ?  P.  Chaikin,  Princeton  University, 
Department  of  Physics,  Princeton,  NJ  and 
Exxon  Research  and  Engineering  Company, 
Annandale,  NJ?  L.  Chiang,  Exxon  Research  and 
Engineering  Company,  Annandale,  NJ?  and  R. 
Upasani,  Princeton  University,  Department  of 
Physics,  Princeton,  NJ  and  Exxon  Research 
and  Engineering  Company,  Annandale,  NJ. 

4:45  QILIO 

LOW  TEMPERATURE  ORIENTATIONAL  DEPENDENCE  OF 
THE  MAGNETORESISTANCE  IN  (TMTSF ) 2C104 :  A 
SEARCH  FOR  MAGIC  ANGLES,  M.J.  Naughton,  O.H. 
Chung .  State  University  of  New  York  at 
Buffalo,  Buffalo,  NY?  J.S.  Brooks,  Boston 
University,  MA?  P.M.  Chaikin,  Princeton 
University,  Princeton,  NJ  and  Exxon  Research 
and  Engineering  Company,  Annandale,  NJ?  and 

L. Y.  Chiang,  Exxon  Research  and  Engineering 
Company . 

SESSION  012:  NON-LINEAR  OPTICAL 
POLYMERS  (I) 

Chair:  Daniel  J.  Sandman 

Friday  Morning,  December  1 
Essex  South  (W) 

8:00  *012.1 

OBSERVATION  OF  NONLINEAR  OPTICAL  TRANS¬ 
MISSION  AND  SWITCHING  PHENOMENA  IN  POLYDI¬ 
ACETYLENE-BASED  DIRECTIONAL  COUPLER  DEVICES, 
Paul  D.  Townsend.  J.L.  Jackel,  Gregory  L. 
Baker,  J.A.  Shelburne,  and  S.  Etemad,  Bell¬ 
core,  Red  Bank,  NJ. 

8:30  *Q12 . 2 

POLYDIACETYLENE  SIDE  CHAINS  AND  ELECTRONIC 
STRUCTURE  AND  PROCESSES,  Daniel  J.  Sandman. 
GTE  Laboratories,  Inc.,  Waltham,  MA. 

9:00  012.3 

INVESTIGATIONS  OF  A  NEW  REVERSIBLE  STRAIN 
INDUCED  CHROMIC  TRANSITION  IN  POLYDIACETYL¬ 
ENE  ELASTOMERS,  M.F.  Rubner .  R.  Agrawal ,  and 
H.  Beckham,  Massachusetts  Institute  of 
Technology,  Department  of  Materials  Science 
and  Engineering,  Cambridge,  MA. 

9:15  QI2.4 

SYNTHESIS  AND  PROPERTIES  OF  A  FULLY  CON¬ 
JUGATED  POLYDIACETYLENE:  POLY ( 1 , 4-BIS ( 3- 
QUINOLYL) -1 , 3-BUTADIYNE ,  Satva  S.  Talwar  and 

M.  Kamath,  Indian  Institute  of  Technology, 
Department  of  Chemistry,  Bombay,  India. 

9:30  Q12.5 

ORGANIC  POLYMER  SEMICONDUCTOR  SUPERLATTICES, 
Samson  A.  Jenekhe  and  Wen-Chang  Chen,  Uni¬ 
versity  of  Rochester,  Department  of  Chemical 
Engineering,  Rochester,  NY. 
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9:45  012.6 

LARGE  THIRD-ORDER  NONLINEAR  OPTICAL  PROPER¬ 
TIES  OF  ORGANIC  POLYMER  SEMICONDUCTOR  SUPER¬ 
LATTICES,  Samson  A.  Jenekhe  and  Wen-Chang 
Chen,  University  of  Rochester,  Department  of 
Chemical  Engineering,  Rochester,  NY;  S.K. 
Lo,  Honeywell  Systems  and  Research  Center, 
Minneapolis,  MN;  and  Steven  R.  Flom,  Univer¬ 
sity  of  Minnesota,  Department  of  Chemistry, 
Minneapolis,  MN. 

10:00  BREAK 

10:15  012.7 

A  COUPLED  INVESTIGATION  OF  QUADRATIC  AND 
CUBIC  NONLINEAR  OPTICAL  PROCESSES  IN  EX¬ 
TENDED  CHARGE  TRANSFER  POLYENES,  M. 
Barzoukas,  CNET  (LA  CNRS ) ,  Bagneux,  France; 
M.  Blanchard-Desce ,  College  de  France, 
Paris,  France;  F.  Kajzar,  CEA-CEN  Saclay, 

Gif-sur-Yvette ,  France;  J.M.  Lehn,  College 
de  France,  Paris,  France;  A.  Messier,  C. 
Sentein,  CEA-CEN  Saclay,  Gif-sur-Yvette, 
France;  J.  Zvss .  CNET  (LA  CNRS)  Bagneux, 
France . 


11:30  012.12 

PHOTOEXCITATION  SPECTROSCOPY  OF  PRECURSOR 
ROUTE  POLY (THIOPHENE  VINYLENE),  D. p. C. 
Bradley .  A.J.  Brassett,  N.F.  Colaneri ,  R.H. 
Friend,  R . A.  Lawrence,  Cavendish  Laboratory, 
Cambridge,  United  Kingdom;  and  H.  Murata,  S. 
Tokito,  T.  Tsutsui,  and  S.  Saito,  Kyushu 
University,  Department  of  Materials  Science 
and  Technology,  Kasuga,  Fukuoka,  Japan. 

11:45  012.13 

SYNTHESIS  AND  CHARACTERIZATION  OF  NEW  POLY¬ 
MERS  EXHIBITING  LARGE  OPTICAL  NONLINEARITY: 
DERIVATIZED  POLYANILINE  AND  COPOLYMER  CON¬ 
TAINING  POLYANILINE  SEGMENTS,  Lubing  Yu.  Mai 
Chen,  Larry  R.  Dalton,  University  of  South¬ 
ern  California,  Department  of  Chemistry,  Los 
Angeles,  CA. 

SESSION  Cl  3 :  NON-LINEAR  OPTICAL 
POLYMERS  (Hi  AND  COMPOSITES 
Chair:  Bryan  E.  Kohler 

Friday  Afternoon,  December  1 
Essex  South  (W) 


10:30  012.8 

NONLINEAR  OPTICAL  STUDIES  OF  MIXED  tf-CONJU- 
GATED  POLYMER  MULTILAYERS  BY  SECOND  HARMONIC 
GENERATION,  Hiroshi  Koezuka.  Tetsuyuki 
Kurata,  Akira  Tsumura,  and  Hiroyuki 
Fuchigami,  Mitsubishi  Electric  Corporation, 
Materials  and  Electronic  Devices  Laboratory, 
Hyoao,  Japan. 

10:45  012.9 

A  NEW  POLYOLEFIN  MATERIAL  "ZEONEX"  FOR 
OPTICAL  USES,  Teiii  Kohara .  Masayoshi 
Ohshima,  and  Tadao  Nitsuume,  Nippon  Zeon 
Company,  Ltd.,  Researcr.  and  Development  Cen¬ 
ter,  Kawasaki,  Japan,  Masahiro  Yamazaki, 
Nippon  Zeon  of  America,  Ir.c.,  White  Plains, 
NY. 


11:00  012.10 

SYNTHESIS  AND  SECOND-ORDER  NONLINEAR  OPTICAL 
PROPERTIES  OF  NEW  'OUMAROMETHACRYLATE- 
METHYLMETHACRYLATE  COPOLYMERS,  R .  A .  Henry, 

J. M.  Hoover,  and  G . A .  'indsay,  Naval  Weapons 
Center,  Research  Department,  China  Lake,  CA; 

K. A.  Mortazavi,  A.  Kno^sen,  and  S.T.  Kowel, 
University  of  California  at  Davis,  Depart¬ 
ment  of  Electrical  Eng  neering  and  Computer 
Science,  Davis,  CA. 

11:15  012,11 

NEW  POLYMERS  FOR  ELECTROACTIVE  APPLICATIONS, 
Mamoun  M.  Badr .  David  W.  Polis,  and  Larry  R. 
Dalton,  University  of  Southern  California 
Los  Angeles,  Department  of  Chemistry,  Los 
Angeles,  CA. 


1:30  013.1 

THE  21A£?  STATE  IN  LONG  POLYENES:  ELECTRONIC 
STRUCTURE,  PHOTOINDUCED  ABSORPTION  AND 
THERMAL  ISOMERIZATION,  Brvan  E.  Kohler  and 
Curtis  Westerfield,  University  of  Califor¬ 
nia,  Chemistry  Department,  Riverside,  CA. 


1:45  013.2 

THEORETICAL  CALCULATIONS  ON  NONLINEAR  SUS¬ 
CEPTIBILITIES  OF  ORGANIC  MATERIALS,  Yuzo 
Itoh .  Tomoyuki  Hamada,  Atsushi  Kakuta  and 
Akio  Mukoh,  Hitachi  Ltd.,  Hitachi  Research 
Laboratory,  Ibaraki,  Japan. 


2:00  013.3 

NONLINEAR  OPTICAL  RESPONSE  IN  CONJUGATED 
POLYMERS  -  A  THEORETICAL  APPROACH,  Mauro 
Pereira,  Jr.,  University  of  Arizona,  Optical 
Sciences  Center,  Tucson,  AZ;  S.W.  Koch, 
University  of  Arizona,  Physics  Department 
and  Optical  Sciences  Center,  Tucson,  AZ; 
Sumit  Mazumdar.  University  of  Arizona, 
Physics  Department,  Tucson,  AZ;  and  S.N. 
Dixit,  Lawrence  Livermore  National  Labora¬ 
tory,  Livermore,  CA. 


2 : 15  013.4 

ELECTRONIC  STRUCTURES  AND  NONLINEAR  OPTICAL 
PROPERTIES  FOR  CROSS-CONJUGATED  POLYENE, 
Yuhei  Mori  and  Yoshimichi  Okano,  ATR  Optical 
and  Radio  Communications  Research  Laborator¬ 
ies,  Kyoto,  Japan. 


2:30  013.5 

ROTATIONAL  DIFFUSION  OF  CHROMOPHORES  INSIDE 
A  GLASSY  POLYMERIC  FILM  STUDIED  BY  ELECTRO- 
OPTICAL  POLARIMETRY ,  Remi  Mevrueix  and 
Gerard  Mignani,  Rhone-Poulenc  Recherches, 
Centre  des  Carrieres,  Saint-Fons,  France. 
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2:45  013.6 

SECOND  ORDER  NONLINEAR  OPTICS  AND  POLYMER 
PHYSICS  OF  CORONA  POLED  POLYMER  FILMS, 
Hilary  L.  Hampsch .  Northwestern  University, 
Department  of  Materials  Science  and  Engi¬ 
neering,  Evanston,  IL;  Jian  Yang  and  George 
K.  Wong,  Northwestern  University,  Department 
of  Physics  and  Astronomy,  Evanston,  IL;  and 
John  M.  Torkelson,  Northwestern  University, 
Depts.  of  Materials  Science  and  Engineering 
and  Chemical  Engineering,  Evanston,  IL. 

3:00  BREAK 

3:15  013.7 

THEORETICAL  STUDIES  OF  THE  NONLINEAR  PROPER¬ 
TIES  OF  1-ARGININE  PHOSPHATE  AND  DERIVA¬ 
TIVES,  C . A .  Lanohoff.  Dow  Chemical,  Midland, 
MI. 

3:30  013.8 

QUANTUM  LATTICE  FLUCTUATIONS  AND  NONLINEAR 
OPTICAL  PROPERTIES  OF  CONDUCTING  POLYERS,  J. 
Yu,  B.  Friedman  and  W ■  P .  Su .  University  of 
Houston,  Houston,  TX. 

3:45  013.9 

THIRD  ORDER  NONLINEAR  OPTICAL  EFFECTS  IN 
POLYCONDENSED  THIOPHENE  BASED  POLYMERS,  Lina 
Yana .  R.  Dorsinville,  R.R.  Alfano,  City 
College  of  New  York,  Physics  and  Electrical 
Engineering  Departments,  New  York,  NY;  C. 
Taliani,  Consiglio  Nazionale  delle  Ricerche, 
Istituto  di  Spettroscopia  Molecolare,  Bolog¬ 
na,  Italy. 

4:00  013.10 

OPTICAL  CHARACTERIZATION  OF  POLYDIACETYLENE 
LANGMUIR- BLODGETT  FILM  ON  SILICON  SUB¬ 
STRATES,  P.  Miller.  A.M.K.  Rahman,  S.V. 
Broude,  and  S.  Tripathy,  University  of 
Lowell,  Departments  of  Physics  and  Chemis¬ 

try,  Lowell,  MA. 

4:15  013,1.1 

MICRO-ENCAPSULATED  CHIRAL  POLYMER  COM¬ 
POSITES,  Viiay  K.  Varadan.  Deepak  K. 
Ghodgaonkar,  Vasundara  V.  Varadan,  and 
Akhlesh  Lakhtakia,  Pennsylvania  State  Uni¬ 
versity,  Research  Center  for  the  Engineering 
of  Electronic  and  Acoustic  Materials,  Uni¬ 
versity  Park,  PA. 

4:30  013.12 

ARTIFICIAL  CHIRAL  COMPOSITES,  Vasundara  V. 
Varadan .  Deepak  K.  Ghodgaonkar,  Vi  jay  K. 
Varadan,  and  Akhlesh  Lakhtakia,  Pennsylvania 
State  University,  Research  Center  for  the 
Engineering  of  Electronic  and  Acoustic 
Materials,  University  Park,  PA. 


4:45  013.13 

POLYMER  BLEND  FOR  RFI/EMI /EMC  APPLICATIONS, 
Neil  Williams.  Vijay  K.  Varadan,  and 
Vasundara  V.  Varadan,  Pennsylvania  State 
University,  Research  Center  for  the  En¬ 
gineering  of  Electronic  and  Acoustic  Mate¬ 
rials,  University  Park,  PA. 
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QI.l  ABSTRACT  NOT  AVAILABLE 

Q1.2 

STABLE  AND  PROCESSIBLE  CONDUCTING  POLYMERS: 
OPPORTUNITIES  FOR  SCIENCE  AND  TECHNOLOGY.  Alan  J 
Header.  Institute  for  Polymers  and  Organic  Solids,  University  of 
California,  Santa  Barbara,  Santa  Barbara,  CA  93106. 

Recent  advances  in  the  synthesis  and  processing  of  conducting 
polymers  have  demonstrated  that  one  can  have  materials  with 
the  electronic  and  optical  properties  of  metals  and 
semiconductors  and  the  processing  and  mechanical  advantages 
of  polymers.  This  progress  has  opened  the  way  to  achieving  a 
wide  range  of  important  configurations  ranging  from  optical 
quality  films  (through  spin  casting)  to  highly  oriented  films  and 
fibers  through  post-synthesis  processing,  using  both  pure 
conducting  polymers  and  conducting  polymers  in  blends  and 
composites  with  other  polymers. 

The  prospects  for  the  achievement  of  high  performance 
electronic  and  optical  materials  will  be  discussed  with  specific 
emphasis  in  two  areas: 

(i)  high  electrical  conductivity  and 

(ii)  optical  and  nonlinear  optical  properties. 

In  the  area  of  electrical  properties,  we  contrast  two  limits:  ‘dirty’ 
conductors  where  the  transport  is  via  carrier  hopping  such  that 
o-l 0  S/cm  or  less,  and  true  metals  in  which  the  carrier  mean 
free  path  is  many  lattice  constants.  Analysis  of  similar  limiting 
cases  define  the  high  performance  optical  and  nonlinear  optical 
properties  of  conducting  polymers. 

We  conclude  that  conducting  polymers  represent  a  new  class  of 
electronic  and  optical  materials  with  properties  which  range  from 
those  of  commodities  with  routine  properties  to  high  performance 
materials  which  combine,  for  example,  excellent  electrical 
conductivity  with  high  mechanical  strength. 

Q1.3 

NONLINEAR  OPTICAL  POLYMERS.  CHALLENGES  AND  OPPOR¬ 
TUNITIES  IN  PHOTONICS.  A.F.  Garito  and  J.W.  Wu,  Dept,  of 
Physics,  University  of  Pennsylvania,  Philadelphia,  PA  19104;  G.F. 
Lipscomb  and  R.  Lytel,  Lockheed  Palo  Alto  Research  Lab.  0-9720,  B-202, 
Palo  Alto,  CA  94304 

Recent  developments  and  advances  in  nonlinear  and  electro-optical  materials 
will  be  discussed,  with  a  special  focus  on  nonlinear  optical  organic 
polymers. 

Many  materials  classes  have  been  studied  to  understand  the  physical 
properties  and  behavior  of  nonlinear  optical  responses  at  a  fundamental 
level.  Organic  and  polymeric  systems  are  unique  in  that  the  macroscopic 
nonlinear  responses,  X^'and  x[*j  can  be  traced  back  to  the  microscopic 
nonlinear  optical  susceptibilities  of  individual  molecular  units,  allowing 
identification  of  nonlinear  optical  processes  at  a  molecular  level.  According 
to  a  microscopic  description  of  second  and  third  order  it -electron  virtual 
excitation  processes  in  low  dimensional  electronic  conjugated  structures,  the 
strong  correlations  between  it-electrons  in  reduced  spadal  dimensions,  such 
as  quasi-one  or  two  dimensional  molecules,  are  responsible  for  the  large 
nonlinear  optical  responses  of  organic  polymers.  These  processes  lead  to 
materials  with  exceptional  nonlinear  optical  properties  and  are  significant 
both  for  fundamental  understanding  and  practical  applications.  Two  classes 
of  organic  nonlinear  optical  materials  will  be  discussed. 

Optical  bistability,  a  major  subject  in  the  nonlinear  optics  research,  has  been 
observed  in  an  ultra-thin  film  polymer  consisting  of  quasi-two  dimensional 
(2D)  conjugated  discs  of  silicon  naphthalocyanine  (SINC)  randomly 
distributed  in  a  glassy  matrix.  The  on-site  electronic  excitations  of  the  quasi- 
2D  discs  exhibit  Bloch  type  saturable  absorption  at  fast  timescales  ( 10'9  - 
10'  2  sec).  The  nonlinear  refractive  index  ti,  obtained  from  the  saturable 
absorption  results  is  lxlO"4  cnr/kW,  comparable  to  the  value  of  GaAs. 

Electro-optic  polymers  have  been  developed  offering  substantial  advantages 
in  electro-optic  response,  speed,  fabricability  and  flexibility  over 
conventional  inorganic  crystals.  Current  research  toward  fabricating  electro¬ 
optic,  organic  integrated  optical  devices  will  be  reviewed. 


Q2.1 

ELECTRON-DONATING  RADIALENES.  POTENTIAL  DONORS 
FOR  MOLECULAR  ORGANIC  (SUPER) CONDUCTORS  AND 
FERROMAGNETS .  Zen-ichi  Yoshida ,  Toyonari 
Sugimoto  and  Yoji  Misaki,  Department  of  Synthetic 
Chemistry,  Kyoto  University,  Yoshida,  Kyoto  606 
Japan . 


Molecular  organic  systems  having  electrical  and 
magnetic  properties  currently  absorb  much 
interest  of  theoretical  and  experimental 
scientists. 

Although  high-Tc  ceramic  superconductors  have 
been  discovered  very  recently,  research  on 
organic  (super) conductors  needs  to  be  actively 
pursued  with  the  aim  of  creating  organic  super¬ 
conductors  with  high-Tc.  Research  on  organic 
ferromagnetic  materials  is  still  in  its  infancy. 
Further  development  of  the  research  on  molecular 
organic  (super) conductors  and  ferromagnets 
depends  ultimately  on  the  synthesis  of  reliable 
new  organic  donors. 

From  this  point  of  view  we  have  been  investi¬ 
gating  electron-donating  [n]  radialenes  as  new 
donors . 

In  this  Symposium,  preparation  of  the  charge 
transfer  complexes  and  radical  cation  salts  of 
electron-donating  [3],  [4]  and  [5]  radialenes 
(and  related  systems)  and  their  electrical  or 
magnetic  property  will  be  discussed  along  with 
their  electrochemical  and  spectral  properties. 

Q2.2 

SYNTHESIS  OF  BULK  HIGH  SPIN  DENSITY 
ORGANIC  SOLIDS  AS  PRECURSORS  TO  ORGANIC 
FERROMAGNETS.  Long  Y.  Chiang.  Ravindra  B. 
Upasani1  and  Dave  P.  Goshorn,  Corporate  Research 
Laboratory,  Exxon  Research  and  Engineering  Company, 
Annandale,  NJ  08801;  'Department  of  Physics, 
Princeton  University,  Princeton,  NJ  08544. 

We  describe  a  synthetic  approach  to  the  preparation  of 
bulk  high  spin  density  organic  solids  as  a  probe  to 
organic  ferromagnets  utilizing  an  external  doping 
process  to  achieve  a  molecular  sequence  of  alternate 
donors  and  acceptors  in  different  spin  states  for,  in 
principle,  the  ground  state  ferrimagnets.  We  found 
that  the  introduction  of  arsenic  pentafluoride  into 
molecular  crystals  of  charge  transfer  complexes 
disintegrates  the  long  range  order  of  crystal  without 
rearranging  the  molecular  stacking  sequence  of  donor 
and  acceptor.  A  high  spin  density  solid  can  be  made 
through  ASF5  doping  of  triplet  donors  at  the  solid  state 
of  materials.  These  spins  were  found  to  couple  either 
ferromagnetically  or  weakly  antiferromagnetically  at 
various  temperatures.  In  the  case  of  doped  HMT- 
HCHAT,  a  magnetic  susceptibility  with  6  »  10.7K  (125  - 
300K)  was  observed,  indicating  a  ferromagnetic 
coupling  of  spins.  Below  125K  the  spin  coupling 
becomes  weakly  antiferromagnetic  with  6  -  -3.2K. 
Magnetic  data  of  various  charge  transfer  complexes  of 
HMT  and  HOC  will  also  be  discussed. 
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Q2.3 

FERROMAGNETIC  INTERMOLECULAR  INTERACTION  AND  CRYSTAL 
STRUCTURE  OF  a-NITRONYL  NITROXIDE.  Kunio  Awaqa,  Tamotsu 
Inabe,  and  Yusei  Maruyama,  Institute  for  Molecular 
Science,  Myodaiji,  Okazaki  444,  Japan. 

There  has  recently  been  an  increasing  interest  in  organic/ 
molecular  ferromagnetism.  a-nitronyl  nitroxide,  a  stable 
organic  radical  of  S*l/2,  has  an  interesting  molecular 
structure  in  this  respect.  Two  NO  groups  are  bonded  by  a 
carbon  atom  and  the  unpaired  tt  electron  is  delocalized  on 
the  whole  skeleton.  This  radical  has,  further,  a  strong 
spin  polarization  effect  due  to  the  short  distance  between 
the  unpaired  and  non-bonding  electrons.  We  have  initiated 
a  study  of  the  electronic  states  and  the  magnetic  behaviors 
of  various  a-nitronyl  nitroxides. 

The  temperature  dependence  of  the  magnetic  susceptibilities 
and  the  field  dependence  of  the  magnetizations  for  three  ct- 
nitronyl  nitroxides,  2-R-4, 4, 5, 5-tetramethyl-4, 5-dihydro- 
lH-imidazolyl-l-oxy  3-oxide  (with  R*  phenyl(I),  3-nitro- 
phenyl(II),  4-nitrophenyl( III ) )  have  been  measured.  It  is 
found  that  the  mtermolecular  interaction  is  ferromagnetic 
(FM)  in  the  crystal  of  III,  while  it  is  antiferromagnetic 
m  I  or  II.  The  Weiss  constant  of  III  is  +0.9  K.  The 
magnetization  curve  of  III  at  2  K,  the  lower  limit  of  the 
temperature  measurements,  almost  corresponds  to  the 
theoretical  one  for  S*2,  and,  therefore,  it  is  certain  that 
the  FM  interaction  in  III  could  cover  more  than  4  radicals. 


of  crystallinity  up  to  fifty  percent.  Doping  of  this  material  occurs 
initially  in  the  amorphous  phase  followed  by  doping  into  the 
crystalline  regions.  These  materials  are  identified  as  Branch  II  of  the 
emeraldine  family.  Emeraldme  prepared  directly  as  salt  from 
solution  is  also  up  to  -50  percent  crystalline  (denoted  Branch  I) 
though  its  structure  differs  from  Branch  II  materials.  Dedoping  of 
emeraldine  salt  I  yields  amorphous  EB-I.  Protonation  of  EB-I  yields 
continuous  growth  of  crystalline  ES-I.  Corresponding  static  and 
dynamic  magnetic  susceptibility  experiments  show  that  the 
protonated  crystalline  regions  have  a  Pauli  susceptibility 
corresponding  to  a  metallic  state  while  the  protonated  amorphous 
regions  are  nonmagnetic  (spinless  defects  only).  Photomduced 
absorption  studies  of  emeraldine  base  and  leucoemeraldine  base 
(LEB)  show  the  presence  of  long-lived,  photoexcited  entities, 
including  excitons  (in  EB)  and  massive  polarons  (in  EB  and  LEB). 
Time-dynamic  studies  imply  that  the  longevity  of  the  photoexcited 
defects  is  associated  with  the  roles  of  ring  flipping  and  ring 
conformation  in  the  polymer  system.  A  new  model  for  the  effects 
of  electron-lattice  coupling  via  ring  rotations  is  introduced 
Extended  charge  transport  studies  of  oriented  and  nonoriented 
films  demonstrate  the  textured,  granular  metal  nature  of 
emeraldine  salt.  Though  the  highest  dc  conductivity  measured 
approaches  lOOS/cm  at  room  temperature,  elimination  of  the 
barriers  should  lead  to  substantially  higher  conductivities.  Potential 
new  technologies  based  on  the  polyanilines,  including  nonlinear 
optics,  optical  information  storage,  and  controlled  microwave 
absorption  are  noted. 

•Supported  in  part  by  DARPA  through  a  contract  monitored  by  U  S. 
O.N.R. 


Crystal  structures  of  I  and  III  have  been  determined  by  X- 
ray  analysis.  In  III,  a  2-D  sheet  structure  is  made  by 
the  weak  mtermolecular  contacts  between  the  O-atoms  of  NO 
groups  and  the  N-atoms  of  N02  groups.  The  FM  interaction 
would  work  in  this  sheet  through  these  contacts.  This 
contact  is  very  similar  to  the  coordination  bonding  between 
nitroxide  and  transition  metal  in  some  complexes. 

Q3.1 

THE  POLYANILINES:  A  NOVEL  CLASS  OF  CONDUCTING 
POLYMERS*  A.  G.  MacDiarmid.  Dept,  of  Chemistry,  Univ.of  Penn., 
Phila.,  PA  19104,  and  A.  J.  Epstein,  Dept,  of  Physics  and  Dept,  of 
Chemistry,  The  Ohio  State  Univ.,  Columbus,  OH  43210. 


The  polyanilines  are  a  class  of  polymers  the  base  form  of  which  has  the 
general  formula 


containing  "y"  reduced  and  (1-y)  oxidized  repeat  groups.  The  value  of  "y" 
can  in  principle  be  varied  continuously  from  y=l  to  give  the  completely 
reduced  material  to  y=0  to  give  the  completely  oxidized  polymer.  The 
"emeraldine"  oxidation  state  (y=0.5)  consists  of  alternating  reduced  and 
oxidized  groups.  It  can  be  protonated  i.e.  "doped"  by  aqueous  acids  with  a 
concommitant  increase  in  conductivity  of  almost  10  orders  of  magnitude  (to 
a  maximum  conductivity  of  101- 1 02  S/cm)  forming  a  polysemiquinone 
radtcal  canon  such  as 

ci  ci 


containing  a  delocalized  half-filled  broad  polaron  energy  band.  The 
polymer  is  readily  solution  pncessible  into  films  and  fibers  which  can  be 
mechanically  aligned,  the  doped  forms  of  which  have  a  conductivity  parallel 
to  the  direction  of  alignment  significantly  greater  than  that  of  non-aligned 
material.  X-ray  studies  show  that  the  doped  and  undoped  polymer  exist  in 
several  different  crystalline  forms.  A  wide  variety  of  derivatives  can  be 
synthesized  by  substitution  on  the  ring  or  on  the  nitrogen. 


'Supported  in  pan  by  DARPA  through  a  contract  monitored  by  ONR. 

Q3.2 

POLYANIUNE  AN  OLD  POLYMER  WITH  NEW  PHYSICS*.  AT. 
Eostein  Dept  of  Physics  and  Dept,  of  Chemistry,  The  Ohio  State 
Univ  ,  Columbus,  Ohio  43210,  and  A  G  MacDiarmid,  Dept,  of 
Chemistry,  Univ  of  PA,  Philadelphia,  PA  19104 

Recent  progress  in  the  chemistry  and  processing  of  polyamline  has 
now  enabled  detailed  critical  physical  studies  X-ray  diffraction 
studies  show  that  emeraldine  base  can  be  prepared  with  a  degree 


Q3.3 

LOW  ENERGY  ELECTRONIC  TRANSITIONS  OF  POLARON  BANDS  IN 
POLYANILINE.  Sze  Cheng  Yang,  Dan  Zhang  and  Richard  Cushman, 
University  of  Rhode  Island,  Chemistry  Department,  Kingston, 
RI  02881. 

New  absorption  bands  of  polyaniline  with  transition  energy 
less  than  1  ev  were  studied  by  in-si tu 
spectroelectrochemical  methods.  Depending  on  the 
preparation  method  and  the  substrate  for  thin  film  polymer, 
the  transition  occurs  at  either  0.9  eV  as  a  single 
absorption  band,  or  as  a  pair  of  bands  at  1  eV  and  at  0.6 
eV.  The  band  intensity  was  studied  as  a  function  of  the 
electrochemical  potential  and  the  pH  of  contacting 
electrolytes.  Like  the  1.5  eV  and  the  2.9  eV  transitions, 
these  near  infrared  transitions  are  related  to  the  formation 
of  polarons.  However,  details  of  our  data  indicate  that  the 
0.9  eV  band  do  not  share  with  the  1.5  eV  band  the  same  lower 
electronic  energy  level  of  optical  absorption  transition, 
implication  to  the  assignment  of  electronic  transitions  are 
examined. 

This  work  is  supported  in  part  by  PPG  Industries  and  by  a 
contract  administered  by  the  Office  of  Naval  Research  from 
DARPA. 

Q3.4 

AQUEOUS  COLLOIDAL  DISPERSIONS  OF  POLYANILINE  PARTICLES. 

S.  P.  Armes  »nd  M.  Aldlssl.  Materials  Science  and  Tech¬ 
nology  Division,  Los  Alamos  National  Laboratory,  P.  0. 

Box  1663,  Los  Alamos,  NM  87545. 

Colloidal  polyanlllne  has  been  prepared  in  acidic 
aqueous  media  by  a  modified  chemical  polymerization  of 
aniline  In  the  presence  of  a  tailor-made  polymeric  sur¬ 
factant.  The  surfactant  which  acts  as  a  sterlc  stabi¬ 
lizer  used  In  this  study  is  poly(vlnyl  alcohol -co-vinyl 
acetate).  This  surfactant  contains  pendant  aniline 
units  which  participate  In  the  aniline  polymerization, 
resulting  in  the  formation  of  sterically-stablllzed 
polyaniline  particle!  which  have  a  non-spherlcal  "rice- 
grain”  morphology. 

It  is  shown  that  this  novel  form  of  polyanlllne  Is  more 
processable  than  the  bulk  powder  that  is  normally 
obtained  from  a  conventional  chemical  synthesis.  The 
solid-state  conductivity  of  solution-cast  films  or  com¬ 
pressed  pellets  of  these  dispersions  Is  surprisingly 


566 


high  (•  1  S/cm) ,  despite  the  presence  of  the  Insulating 
outer  layer  of  chealcally-graf ted  stabilizer. 

He  have  characterized  these  polyanlllne  colloids  by  a 
vide  range  of  techniques  Including  electron  microscopy, 
cyclic  voltammetry  and  Raman,  visible  absorption  and  X- 
ray  photoelectron  spectroscopy. 

Q3.5 

INTERCALATE  POLYMERIZATION  OF  CONDUCTIVE 
POLYMERS  IN  LAYERED  INORGANIC  HOSTS.  Mercouri  G. 
Kanatzidis*(a>.  Chun-Guey  WuW,  Henry  O.  MarcyW,  Donald  C. 
DeGrootlb)  and  Carl  R.  KannewurfWfu)  Department  of  Chemistry 
and  Center  for  Fundamental  Materials  Research,  Michigan  State  University, 
East  Lansing  Ml  48824  (b)  Department  of  Electrical  Engineering  and 
Computer  Science,  Northwestern  University ,  Evanston,  IL  60208. 

Aniline,  pyrrole  and  2,2'-bithiophene  can  polymerize  by  in- situ 
oxidation/intercalation  into  layered  V205-nH20  xerogels.  The 
resulting  products  are  novel  laminated  organic-inorganic 
molecular  composites  featuring  alternating  monolayers  of 
conductive  polymers  and  V2O5  slabs  with  interesting  electrical 
properties.  These  materials  differ  from  conventional 
(eleciro)chemically  prepared  conducting  polymers  because  they 
are  ordered  (vis  a  vis  amorphous)  at  least  perpendicular  to  the 
V2O5  layers.  They  can  also  be  obtained  as  free  standing  films. 
The  V2O5  network  is  reduced  in  these  reactions  thus  creating 
mobile  carriers  (small  polarons)  which  reside  on  the  vanadium 
oxide  network.  This  creates  two  potentially  competitive  charge 
transport  pathways,  the  organic  polymer  chains  and  the 
inorganic  V2O5  slabs.  Both  pathways  can  be  favored  depending 
on  the  polymer/V2C>5  ratio.  Chemical,  spectroscopic,  magnetic 
and  electrical  (conductivity  and  thermoelectric  power) 
characterization  of  these  materials  will  be  presented.  We  show 
that  both  n-type  and  p-type  as  well  as  metallic  and 
semiconducting  properties  can  be  achieved  by  controlling  the 
polymerA'205  ratio. 

Q3.6 

EXTREME  OXIDATION  OF  POLYTHIOPHENES, 

POLYPYRROLES,  AND  POLYANILINE:  FINITE  POTENTIAL 
WINDOWS  OF  HIGH  CONDUCTIVITY.  David  Ofer, 

Richard  M.  Crooks  and  Mark  S.  Wrighton, 

Department  of  Chemistry,  Massachusetts  Institute 
of  Technology,  Cambridge,  MA  02139. 

Many  conjugated  polymers  show  reversible 
electrochemical  oxidation  accompanied  by  large 
changes  in  their  conductivity.  We  have  extended 
the  potential  range  where  durable  conducting 
polymers  can  be  studied.  We  have  investigated  a 
number  of  polythiophenes,  polypyrroles,  and 
polyaniline  by  employing  solvent/electrolyte 
media  such  as  liquid  SO5/ [ (n-Bu) 4NJ AsFg  where 
the  electrochemical  window  is  -0.2  to  +3.9  V  vs. 
SCE.  Measurements  of  relative  conductivity  as  a 
function  of  potential  reveal  that  these  polymers 
have  finite  potential  windows  of  high 
conductivity,  indicating  that  they  only  conduct 
in  "mixed  valence"  states  of  fractional  charge 
per  repeat  unit  as  is  the  case  for  organic 
charge-transfer  salts.  Potential  dependent 
changes  in  electronic  structure  have  been  probed 
by  in  situ  vis-near  IR  spectroscopy  and  related 
to  cyclic  voltammetry  and  changes  in 
conductivity.  In  contrast  to  polyaniline,  the 
highest  occupied  electronic  band  of  poly (3- 
methylthiophene)  appears  to  remain  significantly 
populated  at  the  most  positive  potentials  where 
the  polymer  is  durable,  and  the  conductivity 
remains  higher  than  that  of  the  neutral  polymer. 


Q3.7 

CHEMICAL  AND  PHYSICAL  STUDIES  OF  SOLUBLE  PART  OF 
EMERALD1NE:  ELECTRONIC  AND  MAGNETIC  PROPERTIES  OF 
SHORT  CHAIN  SPECIES.  R.  Laversanne.  CRPP  /  CNRS  Chateau  Brivazac 
F  33600  Pessac  FRANCE 

Polyaniline  is  well  known  as  a  conducting  polymer  for  its  original  properties. 
One  of  the  more  striking  is  the  possibility  of  switching  between  insulating 
and  conducting  phase  by  acid-base  equilibrium.  Yet  the  chemically  prepared 
erne ra) dine  is  not  perfectly  characterized  and  a  low  molecular  weight  product 
is  usually  eliminated  thr ought  light  solvent  extraction. 

We  present  the  results  of  investigations  on  this  low  molecular  weight 
compounds.  Chemical  analysis  indicate  that  not  only  the  chain  length  is 
shorter  than  in  the  insoluble  part  of  emeraldine,  but  oxidation  level  and 
chemical  nature  of  the  polymer  are  different. 

On  the  other  hand  physical  studies  show  that  the  electronic  and  magnetic 
behavior  is  fairly  similar  to  this  of  the  pristine  emeraldine.  In  particular  high 
conductivity,  of  the  order  of  1  Scm'l  is  observed  for  highly  protonated 
samples.  Also  the  number  of  spin  is  protonation  level  dependent,  but  with  a 
higher  susceptibility  of  the  unprotonated  sample  than  in  the  corresponding 
emeraldine  base. 

The  discussion  will  focus  on  the  comparison  between  short  chain  species  and 
what  is  usually  called  emeraldine  and  on  the  validity  of  transport  theories  used 
to  describe  this  polymer. 

Q3.8 

POLYANILINE  AS  A  REVERSIBLY  SWITCHABLE  MATERIAL.  W.-R. 
Shieh,  and  S.  C.  Yang,  University  of  Rhode  Island,  Chemistry 
Department,  Kingston,  RI  02881:  and  C.  Marzzacco,  Rhode 
Island  College,  Department  of  Physical  Sciences,  Providence, 
RI  02908. 

The  electrical,  optical  and  magnetic  properties  of 
conducting  polymers  are  dramatically  changed  during  an 
insulator-to-metal  transition  induced  by  doping.  A  reversal 
of  this  property-change  can  be  achieved  by  undoping.  If 
such  externally  controlled  changes  of  properties  are 
reversible  over  a  large  number  of  cycles  the  material  is 
useful  as  a  "smart"  material  that  can  adjust  its  electronic 
and  optical  properties  on  demand,  in  this  study  we  examined 
the  reversibility  and  cycling  lifetime  of  electrochemical 
doping/undoping  of  polyaniline  for  its  application  as  a 
smart  material. 

Polyaniline  films  coated  on  tin  oxide  or  gold  electrode  were 
electrochemically  switched  to  show  clear-to-green  color 
cycles  while  it  undergoes  insulator-to-metal  transitions. 
Under  suitable  conditions  polyaniline  has  cycling  lifetime 
better  than  100,000  cycles.  The  reason  for  the  eventual 
loss  of  response  was  found  to  be  the  loss  of  ohmic  contact 
at  the  interface  between  the  polymer  and  the  substrate 
instead  of  any  irreversible  chemical  change  of  the  polymer. 
The  photochemical  stability  of  polyaniline  was  also  tested 
during  the  switching  cycles.  Results  indicates  polyaniline 
is  a  potentially  useful  "smart"  material. 

This  work  is  supported  in  part  by  PPG  Industries  and  by  a 
contract  administered  by  the  Office  of  Naval  Research  from 
DARPA. 

Q3 . 9 

MOISTURE  EFFECTS  IN  HIE  CONDUCTING  POLYMER, 
POLYANIMNE  J.P.  Travers.  C.  Menardo,  and  M.  Nechlschein.  CENG. 
DRF/SPh/DSPE  (UPR  CNRS  216),  «5X,  36041  Grenoble  Crdrx,  France  ; 
SK,  Manohar  and  A.G.  MacDiarmid,  Department  of  Chemistry, 
University  of  Pennsylvania,  Philadelphia,  PA  19104-6323  (USA) 

It  has  been  known  for  a  long  time  that  polyanllinc  easily  collects 
moisture  and  that  hydration  plays  an  important  role  in  the  transport 
properties.  Conductivity  ( 6)  and  thermopower  (S)  heve  been  measured  as 
a  function  of  the  water  vapour  pressure.  For  any  protonation  level  of 
polyaniline,  hydration  results  in  an  increase  of  O’ end  a  decrease  of  S.  We 
have  undertaken  different  studies  In  order  to  determine  whether  the 
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origin  or  the  mechanisms  which  are  responsible  tor  these  effects,  is 
microscopic  or  macroscopic.  We  will  present  measurements  of 
conductivity  in  poly  -  N-methyl-aniline,  which  show  almost  no 
dependence  on  the  water  vapour  pressure.  In  this  compound,  most  of  the 
acidic  protons  are  substituted  by  methyl  groups.  Several  results 
concerning  the  moisture  absorption  process  which  have  been  obtained 
using  proton  NMR  will  be  presented.  In  particular,  wc  have  shown  that 
the  absorption  is  a  bulk  process,  water  molecules  being  fixed  on,  or 
nearby,  the  acidic  sites  of  polyaniline  (protonated  sites).  These  two 
results  give  arguments  in  favour  of  a  microscopic  origin  of  the  observed 
effects. 

Additional  informations  on  the  dynamics  of  the  absorbed  water  molecules 
have  been  obtained.  Two  water  phases  exist  I)  a  solid  phase  composed  of 
strongly  fixed  molecules  and  a  'liquid*  phase  composed  of  mobile 
molecules.  The  role  of  the  solid  phase  in  a  proton  exchange  mechanism 
between  the  polymer  and  the  absorbed  water  will  be  pointed  out. 

Q3.10 

SPECTROSCOPIC  AND  MOLECULAR  WEIGHT  STUDIES  OF 
POLYTOLUID1NES.  Y.  Wei  and  K.F.  Hsueh,  Department  of  Chemistry, 
Drexel  University,  Philadelphia,  PA  19104;  A.  Ray,  A.G.  MacDiarmid  and 
J.  Dykins,  Department  of  Chemistry,  University  of  Pennsylvania,  PA 
19104-6323  and  A.J.  Epstein,  Department  of  Physics,  The  Ohio  State 
University,  Columbus,  OH  43210-1106. 

The  base  forms  of  poly(o-toluidine)  and  poly(m-toluidine)  have  been 
synthesized1  and  characterized  by  UV-visible,  infrared  and  'H  NMR 
spectroscopy.  Assignments  of  the  proton  NMR  signals  have  been 
facilitated  by  the  use  of  model  compounds.  The  distinction  between 
benzenoid  and  quinoid  methyl  resonances  in  the  NMR  permits  a  semi- 
quantitative  estimation  of  the  oxidation  states  of  the  polytoluidines.  Infrared 
studies  are  consistent  with  a  polyaniline-type  backbone  having  pendant 
methyl  groups.  Both  polytoluidines  appear  to  be  essentially  identical  to 
each  other  and  have  conductivities  of  about  0.1  S/cm  upon  doping  with  1M 
HCI.  Field  desorption  mass  spectrometry  (FD-MS)  gave  a  molecular 
weight  of  up  to  -5,000.  Gel-permeation  chromatography  of  the  same 
sample  showed  a  biomodal  elution  pattern,  suggesting  that  the  FD-MS 
technique  detects  only  the  lower  molecular  weight  fraction  of  the  polymer. 
Despite  this  inherent  limitation,  FD-MS  yields  the  interesting  information 
that  the  polymer  contains  chains  of  both  odd  and  even  numbers  of  repeat 
units,  necessitating  the  coexistence  of  different  oxidation  states  in  the  base 
form  of  the  polymer. 

Q3.ll 


ELECTRICALLY  CONDUCTIVE  COMPOSITE  OF  POLYANILINE  AND  P0LY(p- 
PHENYLENE-TEREPHTHALAMIDE),  Xian-Tong  Bi,  Chun  Wang,  Jing- 
Sheng  Bao,  Institute  of  Chemistry,  Academia  Sinica,  Beijing 
100080,  China. 

The  electrical  properties  and  stability  of  polyaniline(PAn) 
prepared  by  chemical  or  electrochemical  method  are  potential¬ 
ly  attractive  systems,  but  the  poor  processibility  of  PAn 
restrict  their  potential  for  applications. 

It  vas  know,  the  poly(p-phenylene-terephthalamide)  (PPTA) 
can  be  used  to  make  high  modulus  and  high  strength  fibers  by 
dry-jet-vet-spinning  method. 

In  this  paper,  the  improvement  of  the  mechanical  properties 
of  PAn  by  processing  the  concentrated  sulfuric  acid  solution 
of  the  mixture  of  chemically  prepared  conductive  PAn  powders 
and  PPTA  in  different  weight  ratio  are  presented. 

The  concentrated  sulfuric  acid  solution  of  PAn  and  PPTA  were 
processed  to  films  and  threads,  they  are  liquid  crystalline 
conductive  polymers  with  good  mechanical  properties. 

The  data  of  electrical  conductivities  and  mechanical  proper¬ 
ties  of  the  threads  are  given  in  the  following  table: 


Weight  ratio 

Tensile  strength 
(N/mni  ) 

Elongation  at 

6 

of  PPTA/PAn 

break,  % 

(s/cm) 

4/1 

12.5 

4.0 

1.5xl0~t 

3/1 

20.1 

4.0 

2.6x10  : 
2.3x10 

2/1 

41.2 

4.0 

The  X-ray  diffraction  and  liquid  crystal  pictures  of  the  com¬ 
posite  are  also  reported. 

Q3.12 

INFRARED  REFLECTION-ABSORPTION  STUDY  OF  ANILINE  ELECTRO¬ 
POLYMERIZATION  ON  STAINLESS  STEEL.  F.  Gaillard, 

G.  Bouyssoux,  Departement  de  Chimie  Appliquee  et  Genie 
Chimique,  CNRS  UA-417,  University  Claude  Bernard-LYON  I, 

69622  Villeurbanne;  and  S.N.  Kumar,  Laboratoire  de  Physique 
de  la  Matiere,  CNRS  UA-358,  I.N.S.A.  LYON,  20  Av.  Albert 
Einstein,  69621  Villeurbanne,  France. 

Considerable  work  has  been  done  recently  on  conducting 
polymers,  and  among  them  polyaniline.  For  such  studies, 

FTIR  in  reflection-absorption  mode  has  been  shown  to  be  a 
very  powerful  surface  analysis  technique. 

Polyaniline  films  were  grown  on  304  L  steel  subjected  to 
various  surface  treatments,  such  as  degreasing,  etching  and 
anodization.  The  FTIR  spectra  of  the  films  formed  showed 
clear  evidence  for  quinonic/aromatic  alternating  structure 
involving  head  to  tail  coupling.  This  was  found  to  be  inde¬ 
pendent  of  the  thickness  of  the  polymeric  layer.  The  quino¬ 
nic/aromatic  ratio  can  be  varied  when  the  film  is  subjected 
to  further  dedoping  treatments  such  as  K0H  immersion  or 
electrochemical  reduction. 

The  IR  absorption  due  to  the  aromatic  ring  streture  was 
observed  after  a  certain  induction  period  during  the  init¬ 
ial  stages  of  electropolymerization. This  was  also  confirmed 
by  X-ray  photoelectron  spectroscopy,  Low  energy  electron 
induced  X-ray  spectroscopy  and  X-ray  fluorescence  spectro¬ 
scopy  measurements.  Results  on  FTIR  measurements  performed 
during  the  thermally  induced  structural  changes  of  the 
polymer  will  also  be  presented. 

Q3.13 

ELECTRICAL  PROPERTIES  OF  POLY  ANILINE— POLYMER  COMPOSITE 
FILMS.  XeCheng  Son g;  and  Longgui  Zhong;  Department 
of  Folymer  Science, South  China  University  of  Technology 
Guangzhou,  F.R.  China. 

Folyaniline-- Polymer  composite  filmB  through  chemical 

oxidative  polymerization  using  various  oxidizing  agents 
such  as  potassium  chlorate,  ammonium  persulfate,  hydro¬ 
gen  peroxide  etc  and  employing  a  vinyl  group  polymer 
film  as  a  base  polymer  were  prepared  in  a  acid  medium. 
Their  analysis  by  AES,  IR  spectroscopy  and  X-ray  photo- 
electron  spectroscopy  shows  that  on  these  films  polyani- 
line  is  an  organic  polymer  of  emeraldine  basic  structure 
and  that  it  probably  results  from  the  coupling  of  chemi¬ 
cally  formed  PhNH*  radicals  with  the  mononmer.  The  VAXD 
spectroscopy  shows  that  polyaniline— polymer  composite 
films  have  some  crystalline  structural  characteristics. 
These  films  are  flexible,  stable  in  air  and  homogeneous, 
and;  they  display  a  conductivity  of  10  4— 10  item 
which  is  in  the  range  of  semiconductors. 
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Q4.1 

PREPARATION  AND  PROPERTIES  OF  ORGANIC  SUPERCONDUCTOR 
K-(BEErr-TTF)2Cu(NCS)2  AND  ITS  RELATED  MATERIALS. 

Gunzi  Saito,  The  Institute  for  Solid  State  Physics, 

The  University  of  Tokyo,  Roppcngi,  Minato-ku, 

Tokyo  106,  Japan. 

Same  important  structural,  physical  and  chemical  aspects 
of  an  organic  superconductor  k- ( BEET-TTF )  2Cu  ( NCS ) , ,  Tc  of 
which  is  the  highest  among  the  organic  superconductors  so 
far  known,  will  be  discussed.  Single  crystals  of  the  salt 
were  prepared  by  electrocrystallization  with  three  differ¬ 
ent  electrolytes.  The  crystal  structure  indicates  that 
dimerized  BEET-TIT  molecules  construct  a  two-dimensional 
(2D)  conducting  donor  sheet  in  the  be  plane  which  is  sand¬ 
wiched  by  the  insulating  anion  sheets  composed  of  polymer¬ 
ized  Cu(NCS)2  along  the  a-axis.  Two  kinds  of  sheets  are 
linked  by  short  atomic  contacts  between  the  terminal  ethy¬ 
lene  groups  of  BEDT-TTF  and  N  and  S  atoms  of  the  anion. 

Tc  of  the  BEET-TTF-h„  salt  is  10. 4K  and  its  deuterated 
sample  showed  higher tc  by  0. 5-0. 6K( inverse  isotope 
effect).  Magnetic  susceptibility  measurements  indicate 
that  the  salt  is  non-ideal  class  II  superconductor  and 
almost  100%  of  the  perfect  diamagnetism  was  observed  be lew 
7K.  Upper  critical  field  is  anisotropic.  Hc2  values  at 
6K  were  about  13T  and  0.5T  in  the  2D  plane  and  normal  to 
it,  respectively.  The  ratio  of  GL  coherence  lengths  were 
estimated  as  Lbc(0):  Ca*(0)=182A:9.6A=19:1 .  A  Shubnikov- 
de  Haas  signal  was  observed  which  indicates  the  existence 
of  the  closed  Fermi  surface.  Some  other  properties 
obtained  by  ERR,  NMR,  thermoelectric  power,  specific  heat, 
tunneling  spectroscopic  measurements  etc.  and  Tc  of  BEET- 
TIT  organic  superconductors  will  be  discussed  for  the 
molecular  design  of  new  organic  superconductors.  Some 
organic  conductors  related  to  k- ( BEET-TIT )2Cu( NCS )2  will 
be  also  presented. 

Q4.2 

FERMI  SURFACE  OF  ORGANIC  METALS  P-(ET)2IBr2  AND 
e- ( ET  1 2 1 3  STUDIED  BY  MEANS  OF  GALVANOMAGNETIC 

MEASUREMENTS.  V.N.Laukhin.  M . V . Kartsovnik  ,  and 
S . I . Pesotski i  ,  Institute  of  Chemical  Physics, USSR 
Ac.Sci.,  Chernogolovka ,  USSR;  P. A. Kononovich ,  and 
l.F.  Schegolev,  Institute  of  Solid  State  Physics, 
USSR  Ac.Sci.  Chernogolovka,  USSR. 

Angular  and  field  dependencies  or  the  Shubnikov-de 
Haas  oscillations  and  magnetoresistance  have  been 
studied  in  single  crystals  of  the  organic  metals 
0-(ET)2X  (X  =  IBr2  and  I3 ) .  For  0-<ET)?IBr2  the 

electron  orbits  have  been  found  to  be  op.;n  in  the 
c  -direction  and  closed  in  the  ab-plane.  Two  types 
of  the  oscillations  have  been  observed 

corresponding  to  the  extreme  ab-plane  cross- 
sections  values  about  50  and  0 . 6%  of  the  Brillouin 
zone  area  and  to  the  cyclotron  masses  cf  4.5  and 

0 . 5ra  ,  respectively.  The  classical  magneto- 
e 

resistance  part  have  been  shown* to  oscillate  with 
the  field  rotating  in  the  ac  -and  b'c  -crystal 

planes,  that  is  likely  associated  with  the  Fermi 
surface  peculiarities.  A  possible  shape  of  the 
Fermi  surface  is  discussed.  For  P-IETJjIj  only 

slow*  oscillations  at  field  directions  close  to 
H//c  have  been  observed.  The  extreme  cross- 
section  value  is  about  1%  of  the  corresponding 
Brillouin  zone  area. 

Q4.3 

SUPERCONDUCTING  AND  NORMAL  STATE  PROPERTIES  OF 
BEDT-TTF  BASED  ORGANIC  METALS.  MatiPka  TpkumPtP. 
K  Murata,  N.  Kinoshita,  H.  Bando,  K.  Yamaji  and  H.  Anzai, 
Electrotechnical  Laboratory,  Tsukuba,  Ibaraki  305,  Japan 


Recent  progress  on  the  superconducting  and  normal  state 
properties  characteristic  to  the  BEDT-TTF  based  organic 
metals,  including  p-(BEDT-TTF)2X  and  k-(BEDT- 
TTF)2Cu(NCS>2,  are  presented.  In  addition  to  the  low-  and 
high-Tc  states,  with  7"C=1K  and  8  K,  respectively,  a  new 
superconducting  state  with  Tc= 2  K  was  found  recently  in 
P-(BEDT-TTF)2l3-  Out  of  a  systematic  study  on  the  p- 
(BEDT-TTF)2X  salts  with  the  superconducting  transition 
temperature  (Tc)  varying  from  8  K  to  below  1  K, 
empirical  rules  for  various  factors  governing  Tc  in  this 
class  of  organic  metals  have  been  extracted. 

In  contrast  to  the  quasi  one-dimensional  TMTSF 
based  superconductors,  two-dimensional  nature  of  the 
electronic  structure  of  BEDT-TTF  salts  has  recently  brought 
about  a  pronounced  progress  in  the  field  of  the  Fermi 
surface  study  (Fermiology)  on  synthetic  organic  metals 
through  observations  of  various  quantum  oscillations.  In 
addition  to  the  Shubnikov-de  Haas  and  de  Haas-van 
Alfen  effects,  a  new  oscillatory  phenomenon  characteristic 
to  a  quasi  two-dimensional  electronic  system  has  been 
discovered  in  the  angular  dependence  of 
magnetoresistance.  The  latter  phenomenon  is  shown  to  be 
a  new  powerful  tool  in  Fermiology. 

Q4.4 

HUBBARD  PARAMETERS  IN  (BEDT-TTF)jX  CRYSTALS.  Oliver  H. 
LeBlanc,  Jr..  Margaret  L  Blohm,  and  Richard.  P.  Messmer,  Genera]  Electric 
Corporate  Research  &  Development.  Schenectady,  NY  12301. 

Charge  motion  and  spin  exchange  in  (BEDT-TTF)2X  salts  can  be  described 
by  a  rwo-dimensional  Hubbard  Hamiltonian.  The  relevant  Hubbard  parame¬ 
ters  are  computed  for  several  of  these  salts,  both  superconducting  and  non¬ 
superconducting.  An  ab  initio  tight-binding  method  is  used.  Hartree-Fock 
LCAO  molecular  orbitals  are  determined  for  each  unique  BEDT-TTF 
molecule  in  the  crystal  structure.  Orthogonalized  linear  combinations  of  these 
are  used  to  compute  intermolecular  interactions  between  pairs  of  BEDT-TTF 
neutral  molecules  and  + 1  radical  cations  situated  at  nearest-neighbor  lattice 
positions.  One-  and  two-electron  terms  are  included.  Values  are  determined 
for:  intermolecular  transfer  integrals  (t,,).  on-site  repulsions  (U„).  and 
nearest-neighbor  repulsions  (V,,).  The  computed  magnitudes  of  these  param¬ 
eters  are  consistent  with  the  use  of  the  tight-binding  method  The  calculations 
are  repeated  with  small  translational  and  rotational  displacements  of  the 
molecules  to  determine  the  effects  of  lattice  vibrations. 

One-electron  energy  bands  constructed  from  the  t,,,  ignoring  the  U„  and  V,,, 
are  generally  similar  to  Uiose  previously  calculated  by  Mori  and  by  Whangbo 
and  their  coworkers  by  semi-empirical,  extended  Huckel  methods,  but  quite 
different  from  those  found  by  Kubler  et  al.  in  ff-(BEDT-TTF)2lj  using 
another  ab  initio  technique,  the  augmented  spherical  wave  method. 

However,  the  U„  8nd  Vg  are  so  large  ( -2-3  eV)  compared  to  the  q,  ( -0. leV) 
that  the  one-electron  band  model  gives  a  poor  description  of  the  ground  state 
and  low-lying  excited  states  of  these  systems.  Evidently,  a  full  treatment  of  the 
Hubbard  Hamiltonian,  with  U„  and  Vg  taken  into  account,  is  needed. 

Q4.5 

SPECIFIC  HEAT  MEASUREMENTS  ON  k-(BEDT- 
TTFJjCuCNCS);  R  G.  Goodrich  and  Jing-chun  Xu. 
Department  of  Physics  and  Astronomy,  Louisiana  State 
University,  Baton  Rouge,  LA  70803-4001;  and  Margaret 
Blohm  and  Oliver  LeBlanc,  General  Electric  Research 
and  Development  Center,  P.  O.  Box  8,  Schenectady, 
NY  12301. 

We  have  measured  the  specific  heat  of  k-(BEDT- 
TTF)jCu(NCS)j  from  4  to  15  K.  The  superconducting 
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transition  at  9.4  K  is  observed  in  a  5  mg  powdered 
sample.  Both  the  magnitude  of  the  change  in  Cp  at  Tc 
and  the  temperature  dependence  of  Cp  below  Tc  indicate 
a  strong  coupling  superconductor.  If  the  lattice  specific 
heat  is  assumed  to  contain  contributions  due  to  rigid 
body  coupled  translational  and  rotational  modes  between 
the  two  (BETFrTTF)  molecules  and  independently  the 
translational  and  rotational  modes  of  the  CufNCS^,  also 
treated  as  a  rigid  body,  the  phonon  contribution  to  the 
specific  heat  in  the  measured  temperature  range  can  be 
represented  by  a  Debye  integral  expression  with  a 
Debye  temperature  of  68  K.  These  results  indicate  that 
in  the  temperature  range  of  the  superconducting 
transition  the  dominate  contribution  to  the  phonon 
spectrum  arises  from  these  isolated  molecular  rigid  body 
vibrations. 

Q4.6 

PRESSURE  DEPENDENCE  OF  THE  STRUCTURAL  AND  ELECTRONIC 
PROPERTIES  OF  ORGANIC  SUPERCONDUCTORS.  Daniel  Chassnau 
Jacques  Gaultier,  Hamid  Houbib,  Laboratoire  de  Cristallographie,  URA 
144  CNRS,  Laurent  Ducasse,  Laboratoire  de  Physico-Chimie  Thdorique, 
URA  503  CNRS,  University  de  Bordeaux  L  33405  Talence  Cedex 
(France),  Mohammed  Kurmoo  and  Peter  Day,  Inorganic  Chemistry 
Laboratory,  South  Parks  Road,Oxford  0X1  3QR(U.K) 

Physical  properties  of  molecular  superconductors  are  very  sensitive  to  high 
pressure  and  a  great  number  of  experiments  have  been  performed  under 
these  conditions.  But,  up  to  now,  very  few  crystal  structures  have  been 
determined  by  X-ray  diffraction  under  pressure.  We  report  here  on  the 
compressibility  of  the  (TMTSF)j-C104  and  (BEDTTTF)2-Cu(NCS)2 
superconducting  salts  and  on  their  structural  and  electronic  properties 
derived  from  their  high  pressure  crystal  struture. 

The  pressure  dependence  of  the  cell  parameters  of  (TMTSF)2  CIO^  has 
been  studied  up  to  12  Kbar  at  room  temperature.  The  compressibility  has 
been  calculated.  The  angle  between  the  direction  of  the  principal 
compressibility  and  the  stacking  axis  is  about  20  degrees  at  ambient 
pressure;  it  strongly  increases  with  pressure.  The  magnitudes  and  the  bulk 
modulus  do  not  vary. 

The  crystal  structures  have  been  refined  at  4,  6,  9.5  Kbar  (R-0.05).  The 
disorder  of  the  perchlorate  anion  is  reduced.  The  transfer  integrals  have 
been  calculated;  both  normal  and  transverse  overlaps  strongly  increase 
with  pressure.  At  high  pressure  (P  >  12  Kbar),  the  crystals  become 
twinned  and  their  three  dimensional  character  disappears. 

A  similar  study  is  currently  in  progress  on  the  (BEDTTTF)2-Cu(NCS)2 
superconducting  salt  which  is  up  to  now  the  molecular  compound  which 
exhibits  the  highest  metal-superconductor  transition  temperature. 

Q4.7 

THIN  FILM  FORMATIONS  OF  CHARGE  TRANSFER 
COMPLEXES  WITH  METALLIC  PROPERTIES  BY  VACUUM 
EVAPORATION  METHODS.  M . Yudasaka  and  X.Nakamshi. 
Materials  Chemistry,  Faculty  of  Engineering, 
Yokohama  National  University,  Tokiwadai  156, 
Hodogaya-ku.  Yokohama  240,  Japan 

H.Yamochi  and  G.Saito,  lntitute  for  Solid  State 
Physics  University  of  Tokyo,  1-77-2  Roppongi, 
Minato-ku.  Tokyo,  Japan 

A  lot  of  charge  transfer  complexes  are  known  to 
have  metallic  electrical  properties.  There  have 
been  known  even  those  which  behave  like 
superconductors.  So  far,  studies  to  obtain  films 
of  these  charge  transfer  complexes  have  not  been 
done  enough . 


Charge  transfer  complex  films  obtained  in  this 
study  are  TTF-Ij  and  TMTSF-I,.  They  were 
obtained  by  double  source  evaporation  of  TTF  and 
iodine  or  TMTSF  and  iodine  under  high  vacuum. 
Iodine  was  evaporated  by  using  a  crucible  whose 
temperature  could  be  controlled  down  to  about 
1 0  0  K .  Temperature  of  quartz  glass  substrates 
were  kept  at  room  temperature. 

The  deposited  films  were  confirmed  to  be  really 
made  of  the  charge  transfer  complexes  by 
absorption  spectra  of  infrared  and  visible 
regions.  Electrical  conductivities  of  the  films 
were  1*10  S/cm.  Propeties  of  the  films  will  be 
studied  in  detail. 

Films  of  several  other  kinds  of  charge  transfer 
complexes  will  be  made  by  the  same  way  and  will 
be  discussed  their  properties  in  detail,  too. 

Q4 . 8 

SYNTHESIS,  CRYSTAL  STRUCTURE  AND  SPECTROSCOPIC 
STUDIES  OF  NEW  CT  COMPOUNDS  OBTAINED  BY  REACTION 
OF  TTF  AND  THE  POLYOXOANION  (MogOyg) 

D.Attanasio,  C ■ Bellitto.  M.Bonamico,  V. Fares, 

P . Imperatori,  S.Patrizio,  ITSE,  CNR,  Area  della 
Ricerca  di  Roma,  C. P.10,  1-00016  Monterotondo 

(Roma),  Italy. 

Low-dimensional  synthetic  metals  based  on  the  one- 
electron  organic  donor  TTF  (tetrathiafulvalene) 
have  been  studied  extensively  in  the  last  decade. 
Less  attention  has  been  paid  to  the  TTF-derivati- 
ves  where  the  counter  ion  is  an  inorganic  molecu¬ 
lar  cluster,  possibly  in  the  mixed-valence  state. 
The  only  few  known  examples  show  interesting 
electrical  and  magnetic  properties.  We  have 
decided  therefore  to  study  the  reaction  of  the 
donor  molecules  derived  from  TTF  with  thepolyoxo- 
metalates  having  general  formula  [MgOigr-,  where 
M  •  Mo  and  W  ,  n«  2,3.  Here  we  report  the 
preparation  and  the  structural  data  of  two  new 
compounds:  (TTF) 3 [MO6O19)  1 

(TTF)2[Mo6019]  2 

Both  have  been  obtained  by  electrocwstallization 
technique  from  TTF  and  the  [MogOig]^  anion  in  a 
mixture  of  acetonitrile  and  1,1,2  C2H3CI3.  The  X- 
ray  crystal  and  molecular  structure  of  I,  refined 
to  an  R  -  0.025,  shows  a  one-dimensional  stack  of 
TTF,  and  each  stack  fits  into  channels  formed  by 
the  anions.  Within  the  stack  a  chain  of  trimers 
can  be  identified,  the  inter-trimeric  distance 
being  3.51  A.  The  infrared  spectrum  at  r.t.  is  a 
typical  spectrum  of  a  TTF -mixed-valence  derivati¬ 
ve.  The  crystal  structure  and  the  physical 
properties  of  both  compounds  will  be  presented 
and  discussed. 

Q4.9 

A  NEW  SYNTHETIC  METAL  PRECURSOR:  DIMETHYLTETRA- 
THIOTETRACENE  AND  RELATED  COMPOUNDS.  Toshio 
Maruo,  Megh  Singh  and  M^  Thomas  Jones, 
Department  of  Chemistry,  University  of  Missoun- 
St.  Louis,  St.  Louis,  MO  63121. 

The  electron  donor  tetrathiotetracene  (TTT) 
forms  charge  transfer  salts  which  at  room  temp¬ 
erature  possess  some  of  the  highest  electrical 
conductivities  of  any  known  synthetic  metal. 
However,  TTT  is  rather  insoluble  and  hence 
difficult  to  purify.  Thus,  the  synthesis  and 
characterization  of  a  new  synthetic  metal  pre¬ 
cursor,  dimethyltetrathiotetracene  (DMTTT) ,  is 
described.  Among  the  reasons  for  the  synthesis 
of  DMTTT  are  to  obtain  a  compound  with  improved 
solubility  and  to  investigate  the  question  of 
whether  a  donor  with  symmetry  of  C,  will  resist 
undergoing  the  Peierls  transition  better  than 
the  parent  compound  which  has  symmetry  of  Dh . 
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Cyclic  voltammetry  studies  show  that  like  its 
parent,  DMTTT ,  can  be  oxidized  in  two  reversible 
one-electron  steps.  Each  of  the  oxidation  waves 
for  DMTTT  is  shifted  to  more  negative  potentials 
than  those  observed  for  TTT  as  expected  for  a 
dimethyl  substituted  TTT. 

Both  1:1  and  2:1  DMTTT X  complexes  have  been 
prepared  and  characterized.  Comparisons  of 
physical  properties  and  studies  such  as  x-ray 
powder  patterns,  solid  state  ESR  spectra,  and 
electrical  conductivities  are  reported.  To  date, 
these  comparisons  reveal  considerable  similarity 
between  the  properties  of  any  given  DMTTT 
complex  and  its  corresponding  TTT  complex. 

Q4 . 10 

7  CTR AN  I TROQU I  NODI  METHANE  ITNO)  -  ELECTRON- DEFIC¬ 
IENT  PROTOTYPE  FOR  A  NEW  SERIES  OF  ORGANIC  SOLID 
STATE  MATERIALS.  Davi_d  J.  Vanderah ,  Richard  A. 
Hollins,  Arnold  T.  Nielsen,  and  Cnris  tain,  Re- 
s-.-arcr.  Department,  Code  3ES3,  Naval  W  lapons  Cen- 
t-r  ,  China  Lake,  CA. 

Recently  we  have  synthesized  a  number  of  novel  a- 
ren;  Tc  compounds  suorticuted  with  two  or  more 
tru  romethyl  groups.  The  title  compound,  TNQ, 
was  prepared  b\  vacuum  pyrolysis  of  one  of  these, 
xar.  1 1  re- r  -  x  v  1  ene  (p-HNX),  via  1 ,6-ell  mination 
of  K,C..  Clearly  related  tc  the  more  well  known 
tot  racyar.oaui  nod  i  me  tr.ar.e  (TCNQ) ,  TNQ  is  tne  first 
example  of  ar,  quiriocimethane  system  substituted 
with  nitro  groups.  The  TNQ  system  should  oe  more 
e. ect ron-def  l ci  er.t  than  TCNQ  owing  to  the  strong¬ 
er  electron-withdrawing  nature  of  the  nitro  group 
and  thereby  may  give  rise  to  complexes  cf  enhanc¬ 
ed  electric  and/or  magnetic  properties.  Evidence 
cf  a  charce-transfer  complex  of  TNQ'  has  been 
obtained . 

; n  addition  to  TNQ,  we  are  applying  our  syntnetic 
methodology  to  prepare  related  systers.  Our 
latest  progress  or.  tne  synthesis  of  other  elec¬ 
tron-deficient  compounds  containing  nitre  groups 
a  r.  □  new'  cherue-  transfer  complexes  derived  irem 
their  will  be  presented. 

C5.1 

HIGHLY  CONDUCTING  COMPLEXES  OF  METALS  WITH  dm  it 
A. . D  dddt  r i  HI OLATE  LIGANDS.  E. B. Yagubskii. 
A. I. Kotov,  L .  .  . Buravov ,  and  A . G . Khomenko , 

Institute  of  chemical  Physics,  USSR  Ac . Sc l . , 
Che  rnoeo 1 o"ka ,  USSR;  V . E . Shklover ,  S . S . Nagapetyan , 
and  Yu.T.  Struchkov ,  A . N . Nesmeyanov  Institute  of 
Orsanoe 1 ement  Compounds,  USSR  Ac.  Sci.,  Moscow, 
USSR;  and  L.Yu.Ukhin,  Institute  of  Physical  and 
Organic  Chemistry,  Rostov  State  University, 
Rostov,  USSR. 

Highly  conducting  metal  dithiolates  have  been 
synthesized  based  on  an. on  Auldmit^  (dmit  =  4.5- 

dimercapto  -  1.3-dithiol  -  2-thione)  and  cation 
Mi dddt ) „  (M  =  Ni,  Pt ,  Au ;  dddt  =  5.6-dihydro  -1,4- 

d l thi in-2 . 3-dithiolate  )  complexes.  Crystal 

structures  and  conducing  properties  have_  been 
studied.  JAuldmitlgi^  Bu^N  and  ( Au ( dmi t l 2 I 2  Et4N 

are  characterized  by  the  resistivity  temperature 
dependence  of  the  metallic  tj^pe  down  to  helium 
temperatu; es .  The  { M  <  dddt ) 2 1  ra’ion  chelates 

represent  a  new  class  of  dithiolene  compounds  and 
their  salts  are  me t a  1 -corapl ex  analogs  for  the 
organic  : uperconductors  of  BEDT-TTF  cation-radical 
salts  fanily.  Till  now  only  anion  and  neutral 
metal -compl exes  of  dddt  have  been  known  which  are 


insulators.  The  behaviour  of  bond  lengths  changes 
in  dddt  by  going  from  anion  to  cation  complexes 
has  been  considered.  The  possibilities  of  the 
chemical  modification  for  [M(dddt)]  salts  have 
been  discussed.  The  nature  of  both  metal  and  anion 
has  been  established  to  influence  strongly  the 
structure  and  conducting  properties  of  these 
salts . 

Q5.2 

NEW  ELECTRICALLY  CONDUCTING  SOLIDS  BASED  ON 
NICKEL(II)  -  BIS(1 ,3- DITHIOL E-2-THIONE-4 ,5-DISELENOL- 
ATE).  A  M  Kini.  H.  H.  Wang,  M.  A.  Beno,  U.  Geiser,  A.  J. 
Schultz,  K,  D.  Carlson  and  J.  M.  Williams,  Chemistry  and 
Materials  Science  Divisions,  Argonne  National 
Laboratory,  Argonne,  Illinois,  60439. 

The  metallo-organic  compound  nickelfl  I )  -  b  i  s  ( 1 ,3- 
dithiole-2-thione-4,5-dithiolate),  commonly  referred  to 
as  [Ni(dmit)2 ]2 * ,  has  recently  yielded  several 
electrically  conducting  and  even  superconducting 
materials.  Encouraged  by  these  findings  and  Nigrey's 
recent  preparation  of  its  selenium  analog 
n  ickel  ( 1 1) -bis{  1 ,3-dithiole-2-  lhione-  4,5-  diselenolate), 
[Ni(dsit)2]2".  we  have  studied  the  electro-oxidation  of 
[Ni(dsit)2]2'  with  various  cationic  counterions  Our 
results  thus  far  indicate  that  the  stoichiometries 
[cation  :  Ni(dsit)2  ratio]  of  the  resultant  solids  depend  on 
the  cation  size--larger  cations  favoring  1 :1  and  smaller 
cations  favoring  1:2.  Some  of  these  solids  structurally 
resemble  k-(BEDT-TTF)2Cu(NCS)2,  an  ambient  pressure 
superconductor  (  Tc  =  10  K).  Details  of  the  preparation, 
structural  aspects,  electrical  properties  and  ESR  results 
of  these  new  materials  will  be  presented. 

Q5 . 3 

BRIDGED  MACROCYCLIC  TRANSITION  METAL  COMPLEXES,  A 
NEW  TYPE  OF  SEMICONDUCTING  MATERIALS.  Michael 
Hanack,  Andreas  Hirsch,  Armin  Lange,  Manfred 
Rein,  Gunter  Renz  und  Petra  Vermehren,  Institut 
fiir  Organische  Chemie,  Lehrstuhl  fur  Organische 
Chemie  II  der  Universitat  Tubingen,  Auf  der 
Morgenstelle  18,  D-7400  Tubingen,  West  Germany 


Bridged  quasi  onedimensional  macrocyclic  transi¬ 
tion  metal  complexes  [ MacML ) „  using  phthalocya- 
nine  (Pc),  tetrabenzoporphyr ine  tTBP) ,  1,2-  and 
2, 3-naphthalocyanines  (1,2-;  1,3-Nc)  as  macrocy¬ 
cles  (Mac)  with  M  =  e.g.  Fe,  Ru,  Co  and  L  =  e.g. 
pyrazine  (pyz),  1 , 4-diisocyanobenzene  (dib), 
tetrazine  (tz)  exhibit  interesting  electrical 
properties.  Regardless  of  the  size  of  the 
bridging  ligand  after  either  chemical  or  electro¬ 
chemical  doping  stable  semiconducting  compounds 
[MacMLXv]„  (X  =  e.g.  I,  BF,',  CIO,'...)  are 
formed.  For  the  first  time  the  complete  characte¬ 
rization  of  a  soluble  oligomer  [MacML)„  (Mac  = 
R„Pc,  M  =  Ru,  L  =  dib)  by  iH-NMR  spectroscopy  is 
reported. 

Some  of  these  shish  kebab  complexes  e.g. 
[ PcM( tz ) )„ ,  (M  =  Fe,  Ru)  or  [MacMCN)„;  (Mac  =  Pc, 
TBP;  M  =  Co,  Fe)  exhibit  good  semiconducting  pro¬ 
perties  without  additional  external  doping. 
Whether  or  not  these  compounds  are  intrinsic 
semiconductors  will  be  discussed. 
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The  synthesis  of  oligomeric  bridged  mixed  valence 
compounds  [  PcMa*LPcM:l-L]„  (m  =  e.g.  Fe)  is 
another  target  of  our  work.  We  report  here  about 
first  attempts  to  synthesize  these  oligomers. 

Q5.4 

Uniaxial  Stress  Effects  on  Optical  Absorption 
Spectra  of  Highly  Oriented  Iodine  Doped 
Phthalocyanine  Films.  Hiroaki  T s  u  y  oshi .  M  a  s  a  k  o 
Yudasaka,  Masatoshi  Tanaka,  Ka2uml  Nakanishi, 
Susumu  Kurita ,  Faculty  of  Engineering,  Yokohama 
National  University,  156  Tokiwadai  ,  Hodogaya-ku, 
Yokohama  240,  Japan 

Highly  oriented  films  of  iodine  doped  Pd-  and 
Ni-phthalocya  nines  are  known  to  be  obtained  by 
iodine  doping  into  Pd-  and  Ni - phtha locy ani ne 
epitaxial  films  which  are  available  on  mica  by 
vacuum  evaporation.  The  films  have  one 
dimensional  like  structures  and  show  strong 
dichloism.  Their  absorption  specrta  are  known  to 
have  large  maxima  around  620nm  and  570nm  when 
the  incident  light  is  polarized  perpendicular 
and  parallel  to  the  one  dimensional  axis, 
respectively.  We  could  see  further  a  small 
maxima  around  440nm  in  the  parapllel 
polarization  case  when  the  measurement 
temperature  was  lowered  down  to  -  1 80®  C .  . 

Uniaxial  stress  have  been  applied  onto  the  films 
by  mounting  them  on  the  piezoelectric 
tcansduser  .  The  peak  at  6  20nm  and  505nm  lost 
their  intensity  and  shifted  toward  higher  energy 
side  by  expansion  along  the  one  dimensional 
.  x  l  s  . 

The  results  described  above  can  be  explained  by 
ascribing  the  peak  at  620nm  to  the  t - r  * 
transition  of  phthalocyanine  molecules  as  usual, 
that  of  5  0  5  n  m  to  I,,  and  that  of  4  4  0nm  to  Ij". 

Q5.5 

D1SC0TIC  LIQUID  CRYSTALLINE  PORPHYRINS:  PHOTO¬ 
PHYSICAL  AND  PHOTOELECTRICAL  PROPERTIES  OF  LARGE- 
AREA  CRYSTALLINE  FILMS.  Brian  A.  Gregg.  Dept,  of  Chemical 
Engineering,  Marye  Anne  Fox,  Dept,  of  Chemistry,  and  Allen  J.  Bard, 
Dept,  of  Chemistry,  University  of  Texas  at  Austin,  Austin  Tx. 


The  discotic  liquid  crystalline  (DLC)  phase  can  be  used  to  form  large- 
area,  thin,  crystalline  arrays  of  one-dimensional  conductors.  A  series  of 
octaalkylporphyrins  bearing  different  side  chains  have  been  synthesized 
including  some  with  electron -withdrawing  substituents  at  the  meso 
positions.  These  materials  are  solids  at  room  temperature  and  exhibit  a 
single  broad  DLC  phase  before  melting  to  isotropic  liquids.  The 
photophysical  properties  of  thin  films  of  these  compounds  are  a  strong 
function  of  the  film  order  (crystallinity).  There  is  evidence  for  ring-to- 
ring  charge  transfer  state  formation  upon  illumination  of  the  most  highly 
ordered  films. 

These  materials  have  been  capillary-filled  into  thin  cells  consisting  of 
two  sheets  of  indium-tin  oxide  glass  separated  by  1  -  5  pm  spacers. 
Although  completely  symmetrical,  such  cells  develop  large,  stable 
photovoltages  and  photocurrents  when  illuminated  (e.g.,  Voc  “  0.3  V, 
j*c  "  0.4  mA/cm2  under  white  light,  150  mW/cm2).  A  model  based  on 
kinetically-comrolled  asymmetric  exciton  dissociation  and  photoinjection 
at  the  illuminated  interface  is  presented  to  explain  these  results.  This 
appears  to  be  the  first  unambiguous  example  of  a  photovoltaic  cell 
controlled  entirely  by  interfacial  kinetics.  The  predominance  of  the 
photoinjection  process  in  these  cells  is  attributed  to  the  single-crystal- 
like  character  of  the  porphyrin  films. 

Q6.1 

LANGMUIR- BLODGETT  FILMS  OF  CONDUCTING  FOLYMERS 
T,A  Skothcim.  XO  Yang,  J.  Chen.  MS  Lee,  Brookhaven  National 
laboratory,  Upton.  N'Y  11973,  Y  Okamoio,  Polytechnic  University, 
Brooklyn,  NY  1 1201,  M  L  denBoer,  Hunter  College  of  CUNY.  New  York, 
NY  10021,  M.F  Rubner,  MIT,  Cambridge,  MA  02139,  S  Tripalby, 
University  of  Lowell,  Lowell,  MA  01854 


It  has  recently  been  demonstrated  by  several  groups  that  Langmuir-Biodgett 
films  can  be  constructed  with  polyheterocyclic  conducting  polymers  based 
on  alkylpyrroles  and  alkylthiophenes.  In  the  case  of  alkylpyrroles,  the 
heterocycle  has  a  sufficient  dipole  moment  to  form  a  hydrophilic  head 
group.  3-alky!  pyrroles  with  a  sufficiently  long  hydrocarbon  tail  become 
surface  active  to  produce  single  phase  LB  films  which  can  be  polymerized 
at  the  air-water  interface.  The  films  can  be  transferred  to  substrates  to  form 
highly  anisotropic  conducting  multilayer  structures.  Although  poly(3-alkyl 
thiophenes)  are  not  surface  active  by  themselves,  high  quality  LB  films  can 
be  formed  with  mixtures  with  stearic  acid.  We  have  made  detail  studies  of 
the  structure  of  these  LB  films  with  synchrotron  radiation  based 
spectroscopies.  The  molecular  orientation  of  the  films  have  been  studied 
with  x-ray  absorption  spectroscopy  which  separately  reveal  the  orientation 
of  the  alkyl  chains  and  the  heterocycle  headgroups.  X-ray  diffraction  has 
been  used  to  study  the  long  range  ordering  of  both  monolayer  and 
multilayer  films.  The  intensity  of  x-rays  emanating  from  a  storage  ring 
allows  in-plane  x-ray  diffraction  of  monolayer  films.  The  detailed  results  of 
these  studies  will  be  discussed. 

<26. 2 

LANGMUIR-BLODGETT  MULTILAYER  THIN  FILMS  OF 
ELECTRICALLY  CONDUCTIVE  POLYMERS.  M.  F.  Rubner.  I. 
Watanabe,  K.  Hong  and  R.  Rosner,  Department  of  Materials  Science  and 
Engir  ,ng,  MIT,  Cambridge,  MA  02139. 

Well  ordered  multilayer  thin  films  of  a  variety  of  conjugated 
polyheterocycles  have  been  prepared  using  the  Langmuir-Biodgett  thin  film 
technique.  This  technique  allows,  for  the  first  time,  control  over  the 
molecular  architecture  and  superstructure  of  electroactive  polymers.  To 
date,  two  different  methods  have  been  established  for  the  LB  manipulation 
of  these  polymers.  In  one  case,  polypyrroles  are  synthesized  directly  at  the 
air-water  interface  and  subsequently  fabricated  into  multilayer  thin  films. 
The  second  method  involves  the  LB  manipulation  of  mixed  monolayers 
comprised  of  poly(3-alkvl  thiophenes)  and  stearic  acid.  It  has  been  found 
that  stable  monolayers  created  from  mixtures  containing  as  much  as  80  mole 
%  of  po!y(3-aIkyl  thiophenes)  fitted  with  alkyl  groups  ranging  from  four  to 
eighteen  carbons  can  be  manipulated  into  LB  films  using  the  traditional 
vertical  lifting  technique. 

In  both  cases,  it  is  possible  to  obtain  multilayer  structures  which  exhibit 
highly  anisotropic  electrical  properties.  The  level  of  anisotropy  can  be 
further  enhanced  through  the  fabrication  of  novel  organic  superlattices 
composed  of  molecular  layers  of  conducting  polymers  alternating  with 
insulating  layers  of  surface  active  molecules.  In  some  cases,  conductivity 

anisotropies  (o_  /  OjJ  of  over  10^ ~  have  been  achieved.  Thus,  it  is 

possible  to  fabricate  novel  molecular  architectures  which  exhibit  high 
m-plane  conductivities  (as  large  as  5  S/cm)  and  exceptionally  low  transverse 
conducdvities  (essentially  insulating).  The  results  of  optical,  infrared 
dichroism,  capacitance  (as  a  funcrion  of  frequency  and  film  thickness),  and 
x-ray  diffraction  studies  aimed  at  elucidating  the  structure  and  properties  of 
these  new  thin  films  will  be  discussed. 

Q6 . 3 

HETEROCYCLIC  POLYMERS  AND  COPOLYMERS  WITH 
CONTROLLED  OPTOELECTRONIC  PROPERTIES.  Jose  P.  Ruiz, 
Kasinath  Nayak,  Dennis  S.  Marynick  and  John  R.  Reynolds.  Center  for 
Advanced  Polymer  Research,  Department  of  Chemistry,  The  University 
of  Texas  at  Arlington.  Arlington,  TX,  76019-0065. 

A  series  of  aromatic  polymers  and  copolymers  have  been  investigated 
that  contain  a  combination  of  2,5-thienylene  and  1,4-phenylenc 
linkages,  Bis-(l,4-thien-2-yl)phenylene  monomers  have  been  prepared 
with  a  variety  of  substituents  on  the  2,6-phenylene  positions. 

Subsequent  oxidative  polymerization  of  this  monomer,  both  chemically 
and  electrochemically,  yield  a  family  of  polymers  containing  a 
thiophene-phenylene-thiophene  repeat  unit  Theoretical  modeling,  using 
both  PRDDO  and  ab  initio  methods,  has  been  used  to  correlate 
thiophene-phenylene  torsional  angles  with  optica)  gaps.  In  addition, 
polymer  band  structure  has  been  investigated  using  the  Extended  Hiickel 
method. 
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Q6.4 

SYNTHESIS,  STRUCTURE,  INFRARED  SPECTRA,  AND  IODINE  DOPING 
OF  UNSUBSTITUTED  POLYAZINES.  William  B.  Euler,  Benjamin  C. 
Gill,  Department  of  Chemistry,  University  of  Rhode  Island, 
Kingston,  HI,  02881. 

We  have  shown  previously  that  the  permethyl  substituted 
polyazine  (  (N-C(R)-C(R)-N)  ,  R-CH,  )  is  a  linear,  con¬ 
jugated  polymer  that  can  bexdoped  with  iodine  to  give 
highly  conducting  powders.  It  was  thought  that  the  remov¬ 
al  of  the  pendant  methyl  groups  would  lead  to  an  improved 
polymeric  conductor  that  would  be  analogous  to  polyacetyl¬ 
ene. 

Unsubstituted  polyazine  (PAZ)  is  synthesized  from  the  con¬ 
densation  of  glyoxal  dihydrazone  with  glyoxal  at  room  temp¬ 
erature  in  ethanol  with  acid  catalysis.  The  IR  spectra  of 
product  polymer  shows  a  fairly  intense  and  broad  band  at 
3300  cm-1  due  to  OH  groups.  Some  of  tuis  intensity  may  be 
due  to  occluded  ethanol,  but  the  primary  source  of  OH  is 
from  nondehydrated  imines,  i.e.,  amino  alcohols.  This  un¬ 
usual  structure  arises  from  the  hydrated  nature  of  glyoxal, 
which  is  found  as  a  trimeric  dihydrate.  Reaction  in  reflux¬ 
ing  ethanol  does  not  improve  the  dehydration  significantly, 
while  going  to  higher  temperatures  decomposes  the  glyoxal 
dihydrazone.  The  amino  alcohol  sites  in  the  polymer  chain 
act  as  conjugation  breaks  within  the  n  system. 

Despite  the  defects  in  the  PAZ  chains,  the  polymer  can  be 
doped  with  iodine  into  a  conducting  state.  Room  temperature 
conductivities  as  high  as  0.1  cm-1  ohm-1  can  be  attained. 

IR  spectra  of  the  doped  and  undoped  polymers  are  similar, 
showing  that  no  major  structural  changes  have  occurred.  One 
new  band  does  show  up  upon  doping  at  about  1500  cm-1  which 
grows  in  intensity  with  doping  level  and  is  attributed  to  a 
bipolaronic  type  structure. 


Q6 . 5 

KODEL  THIOPHEIE  OUGOKERS  :  ELECT80I1C  PROPERTIES  AID  THII 
FILM  DEVICES.  Dec:;.  r~.CH.0U.  Gilles  HOROWITZ  onS  Frasers 
GARSIEF.  1  K.K.Z..  Zaccratcire  ties  Anteriaux  .Moieculaires 
r -e  Henry  Dutar.c-  94320. Thesis.  France 

In  '.re  ::?.d  if  icccuirisi  lon-usated  polymers,  short 
cl  miners  if  controlled  chain  learnt  ft  recently  received  much 
attention  as  model  compounds  towards  a  letter  understanding 
cf  the  electronic  properties  of  the  corresponding  polymers. 
Tre  reeirselective  reconstruction  of  tne  chain  sequence 
fro;  re  mcnomer  unit  by  means  of  organic  synthesis  affords 
intermediate  si;e  mc.ecules  wits  a  weil-definec  structure 

In  this  paper  we  i.lustrate  this  new  approach  tc  electronic 
po.vaers  with  alrha-comugated  thiophene  oligomers  <a-nT) 
with  s  =  3  to  £.  A. 1  ol igothiophenes  are  individually  svts- 
tresmed  Thin  sc. id  films  of  controlled  thickness  are 
prepared  on  various  substrates  bv  vacuum  sublimation. 

In  tne  firs'  Dart,  we  discuss  the  optical  spectra  of  the 
fi.ms  m  tneir  neutral  and  dooed  states  '  b*3 '  r  third  order 
critical  nonlmearities  nave  aisu  sen  measured  and  HO 
calculations  of  the  cubic  nonlinear  parameters  have  beer, 
nerformed  as  a  function  of  the  chain  length  and  the  Inter¬ 
ring  conformation.  On  the  other  hand,  the  higbiv  stable 
radical  cation  €!+•  has  been  prepared  and  characterized: 
it  may  ce  considered  as  the  basic  polaron  of  pclythionbene 

Tne  second  part  focuses  on  the  use  of  semiconducting  o-6T 
thin  films  in  building  Schottky  diodes  and  field-effect 
transistors.  The  main  electric  parameters  of  tnese 
devices  are  cite:,  superior  to  those  of  doI vthiophene : 
particularly,  carrier  mobilities  as  high  as  10~* 
cm"*  V-’.s"’  are  obtained.  Due  to  the  good  performances 
of  the  a-6T  KISFET's.  ollgothiophenes  appear  to  be  very 
promising  organic  semiconductors. 


Q6.6 

PH0T0LUMINESCENCE,  ESP.,  AND  ODHR  STUDIES  OF  PRISTINE  AND 
PHOTODEGRADED  P0LY( 3-HEXYLTHI0PHENE)  FILMS  AND  SOLUTIONS. 

L.  S.  Swanson,  L.  R.  Lichty,  and  J.  Shinar,  Ames  Laboratory 
-  USDOE*  and  Physics  Department,  Iowa  State  University, 

Ames,  IA  50011-3020;  K.  Yoshino,  Department  of  Electrical 
Engineering,  Faculty  of  Engineering,  Osaka  University, 

Osaka  565,  Japan. 

The  photoluminescence  (PL),  electron  spin  resonance  (ESR), 
and  optically  detected  magnetic  resonance  (ODMR)  spectra  of 
poly(3-hexylthiophene)  films  freshly  cast  from  solution 
were  measured  as  a  function  of  2.54eV  irradiation  in 
various  gases  and  in  vacuum.  In  the  pristine  films,  the 
asymmetric  ODMR  spectra  are  decomposed  into  two  gaussians 
5G  and  12G  wide,  split  by  AH  s  2.4G  at  9.4GHz  and 
attributed  to  polarons,  thus  demonstrating  charge 
conjugation  symmetry  breaking.  At  20K,  the  narrow 
component  is  microwave  saturated  at  lower  power  than  the 
broad  one.  The  1.96eV  exciton  peak  is  very  weak  and  the 
ODMR  is  absent  in  solution,  hence  both  are  suspected  to 
result  from  interchain  recombination  events.  Exposure  of 
the  films  to  either  oxygen  or  above-gap  photons  alone  does 
not  noticeably  affect  the  PL  spectra,  but  an  apparent 
photoinduced  oxidation  process  quenches  the  PL  and  the 
ODMR.  At  -4mW  excitation,  the  PL  decay  times  are  widely 
distributed  from  35  -  6000  sec,  possibly  limited  by  O2 
diffusion  at  long  times.  The  exciton  peak  and  its 
sidebands  decay  more  rapidly  than  the  structureless 
component  responsible  for  the  ODMR. 

*0perated  for  USDOE  by  Iowa  State  University  under  contract 
no.  U-7405-Eng-82 . 

Q6.7 

HELICAL  CONFORMATIONS  OF  POLYTHIOPHENE, 

POLYPYRROLE  AND  THEIR  DERIVATIES •  Miklos  Kertesz 
and  C.X.  Cui,  Department  of  Chemistry,  Georgetown 
University,  Washington,  DC  20057. 

Two  stable  conformations,  a  planar  or  nearly 
planar  rod  and  a  coil,  have  been  located  on  the 
potential  energy  surfaces  of  several  conducting 
polymers:  poly thiophene  (PT), 

poly ( 3-methy lthiophene )  ( PMeT ) ,  Polypyrrole  (PPy) 

and  poly ( 3-methylpyrrole )  PMePy).  The  planar 
structure  is  slightly  more  stable  for  PT,  PPy  and 
PMePy,  while  the  coil  configuration  is  preferred 
for  PMeT-  This  finding  could  explain  the 
existence  of  the  coil  conformation  for 
poly ( 3-buty lthiophene )  in  solution  and  for  doped 
PMeT  and  PPy  in  the  solid  phase.  We  have 
identified  a  quinoid  coil  form  of  PT  by  our 
calculations,  which  strongly  supports  the  presence 
of  a  coil  conformation  of  doped  PT  derivatives. 

The  band  gap  and  total  energy  as  a  function  of 
conformation  indicate  that  the  thermochromic 
behavior  of  PT  derivatives  results  from  the  change 
in  conformation  with  temperature.  Similar 
behavior  is  expected  for  PPy  derivatives. 
Vibrational  analysis  for  helical  and  planar 
conformation  of  PT  has  been  carried  out,  which 
identifies  experimental  possibilities  in 
distinguishing  among  the  rod  vs  coil 
conformations.  Similarities  and  differences  with 
respect  to  polysilanes  will  be  discussed. 

Q6 . 8 

RESONANT  RAMAN  SCATTERING  OF  POLY- 3 -HEPTYLTHIOPHENE 
C.Botta.  A.Bolognesi.  C.Catellani  and  S.  Luzzatl 
Istituto  di  Cnimica  delle  Maci omolecole  .  via 
Bassini  15  .  20133  Milano  .  Italy.  R.  Tubino  .dip 

Flsica  University  di  Sassari. 

We  teuort  resonant  Raman  scattenno  measurements  on 
e lec t t osynt hetl zed  poly-3-hep: vl thiophene  ,  an 

interesting  polymer  which  exhibit  thermochromic  and 
sol va tochr omi c  effects  The  3pectra  of  this 
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soluble  conjugated  polymer  are  obtained,  at  various 
temperatures,  usinq  different  exciting  wave Lengths . 
Both  as  grown  films  and  solutions  has  been 
studied. The  results  are  discussed  with  reference  to 
the  specific  electronic  properties  of  the  samples 
as  monitored  by  their  U.V.-Vis.  absorption  spectra. 

Q6.9 

OPTICAL,  ELECTROCHEMICAL  AND  STRUCTURAL 
PROPERTIES  OF  POLY(THIENYLENE  VINYLENES)  AND 
POLY(PHENYLENE  VINYLENES.  H.  Eckhardt,  K.Y.  Jen,  C.C.  Han, 
LW.  Shacldette,  and  R.L.  Elsenbaumer.  Allied-Signal,  Inc.,  P.O.  Box 
1021R,  Morristown,  N.J.  07962 

The  electronic  and  electrochemical  properties  of  poly(p-phenylene 
vinviene),  poly(thienylene  vinylene),  and  their  derivatives  with  electron 
donating  substituents  such  as  methyl,  methoxy,  ethoxy,  and  butoxy 
groups  were  studied  using  electrochemical  and  optical  techniques.  It 
was  found  that  electrochemically  derived  band  gaps  agree  well  with 
band  gap  values  obtained  from  optical  measurements.  Substitution 
with  electron  donating  groups  substantially  lowers  both  oxidation 
potentials  and  band  gaps.  A  similar  effect  is  attributed  to  the 
introduction  of  a  vmylene  linkage  between  aromatic  rings  along  the 
polymer  backbones  of  polyphenylenes  and  polythiophenes.  Our 
results  imply  that  through  a  proper  choice  of  base  polymer  and 
substituents  one  can  adjust  the  electrochemical  potentials  for  the  onset 
of  oxidation  and  reduction  as  well  as  substantially  red  shift  the 
absorption  edge  of  these  polymers.  The  ability  to  tailor  these 
important  properties  provides  these  polymers  with  enormous 
application  possibilities. 

Q7.1 

ENHANCEMENT  OF  THE  MAGNETIC  SUSCEPTIBILITY  OF  AN 
ORGANIC  COMPLEX 

The  magnetic  properties  of  ( 1 , 2-di (4-pyridinium) - 
ethylene ]  [  1 , 2-di  (4-pyridyl )  ethylene  ]  (TCNQ) 

are  dependent  upon  the  spin  density  which  for  this 
system  can  be  readily  varied,  x  J00  „/  X  Cur|e  «  l  for 
x  <  ,  whereas  for  x  >  ‘1  the  ratio  is  less  than 

unity  and  decreases  with  increasing  values  of  x.  In 
contrast,  for  x  »  \  the  susceptibility  is  enhanced 
above  the  expected  spin-!}  Curie  Law  value.  We  have 
observed  a  spread  of  susceptibilities  but  all 
samples  with  x  »  S  have  shown  enhanced  magnetic 
behaviour.  Two  samples  gave  X  ^  ,/  X  Curie  Ltl(  <=  8. 

Q7 . 2 

NOVEL  MATERIALS  FOR  OPTICAL  DATA  STORAGE 

G.J.Ashvall,  E.J.C.Dawnay  and  M.Szablevski 

Centre  for  Molecular  Electronics,  Cranfield 
Institute  of  Technology,  Cranfield  MK43  OAL,  UK 

The  ir-bridged  donor-acceptor  molecule,  Z-/3-(l- 
alkyl-4-pyridiniura)  -or-cyanostyryldicyanomethanide , 
shows  a  photochromic  transition  at  495  nm.  The  band 
is  tunable  and  may  be  shifted  by  substitution,  the 
wavelength  being  dependent,  in  part,  upon  the 
difference  between  the  electron  affinity  and 
ionisation  energy  of  opposite  ends  of  the  same 


molecule.  The  synthesis  and  properties  of  several 
near  infrared  absorbing  analogues,  substituted  at 
the  acceptor  end,  will  be  reported  and  their 
photochromic  and  nonlinear  optical  properties  will 
be  assessed. 


Q7.3 

EFFECTS  OF  IN-PLANE  71’  BONDING  ON  ELECTRONIC 
TRANSITION  ENERGIES  FOR  INORGANIC  POLYMERS.  Kim 
F.  Ferris.  Pacific  Northwest  Laboratory,  Richland,  WA  99352. 


While  the  electronic  structure  of  organic  polymers  is  characterized 
by  o  and  out-of-plane  n  bonding  networks,  inorganic  polymers 
also  exhibit  in-plane  Jt'  bonding  interactions.  The  electronic 
rransibons  of  these  systems  are  often  described  in  simple  organic 
terms  such  as  n-ir*  and  rt-TC*  excitations.  The  electronic  structure  of 
both  these  systems  can  be  well  described  in  terms  of  their  molecular 
symmetry,  even  with  the  large  bond  polarity  shown  by  such 
compounds  as  polyphosphazenes  and  siloxanes.  However,  with  the 
presence  of  the  in-plane  it'  bonding  network,  the  optical  transition 
energies  for  the  inorganic  systems  are  much  higher.  In  this  paper, 
we  will  present  results  comparing  the  electronic  structure  of  pyridine 
and  triazine  as  models  for  organic  polymers,  with  those  for  the 
fluorophosphonitrilic  trimer  and  tetramer  as  models  for  die 
polyphosphazenes. 


This  work  was  supported  by  the  U.S.  Department  of  Energy.  Office 
of  Basic  Energy  Sciences  under  contract  DE-  AC06-76RLQ  1 830. 

Q7.4 

SURFACE  PLASMONS  IN  THIN  FILM  DIELECTRICS,  S.M. 
Risser  and  K.F.  Ferris,  Pacific  Northwest  Laboratory,  Richland, 
WA  99352 

The  optical  response  of  thin  film  dielectrics  films  is  influenced  by 
phase  homogeneity,  interfacial  strain,  grain  morphology,  and  the 
presence  and  distribution  of  voids.  Different  film  deposition 
techniques  have  been  found  to  generate  distinct  rrucrostructures 
which  perturb  physical  and  optical  properties  from  their  bulk  single 
crystal  values.  In  small  panicle  limit  (X  »d),  the  mean  field 
approach  can  be  used  for  modelling  the  real  pan  of  the  dielectric 
constant  in  terms  of  film  microstrucmre.  However,  modelling  of  the 
microstructural  effects  is  more  complex  when  the  size  of  the 
panicles  are  approximately  equal  to  the  wavelength  of  light  We  will 
report  on  work  to  theoretically  model  the  optical  propenies  of  these 
panicles  using  the  retarded  Maxwell's  equations  and  the  relation  of 
these  theoretically  determined  properties  to  the  experimentally 
determined  values. 


Work  supported  by  the  U.S.  Department  of  Energy,  Office  of  Basic 
Energy  Sciences  under  contract  DE-AC06-76RLO  1830. 

Q7.5 

physical  characterization  of  organic  radicals  by  low-field  esr 

SPECTROMETRY.  Mehdl  HOUSSAVI .  Marc  BERANGER,  Denis  DURET,  Nelly 
KERNEVEZ  and  Llllane  SECOUHGEON,  CEA-IRDI  DLET1 /DSYS/SESA ,  BP 
85  X  38041  GRENOBLE,  FRANCE. 

Electronic  properties  of  organic  materials  are  linked  to  their 
magnetic  properties  mainly  studied  by  high  field  ESR  spectro¬ 
metry.  A  low  field  (0.6  Gauss,  2  MHi)  ESR  spectrometer  provi¬ 
ding  quantitative  parameters  is  described.  It  gives  informati¬ 
ons  such  as  frequency  dependence  of  the  linewidth,  anisotropy 
of  inhomogeneous  line  and  al60  the  values  of  Tj ,  T^  and  the 
magnetic  susceptibility  using  simple  hypothesis. 

The  use  of  such  a  spectrometer  ie  indispensable  to  establish 
a  figure  of  merit  for  materials i usable  in  ESR  magnetometry .  We 
present  some  results  in  many  of  known  organic  radicals: 

Lithium  phthslocy&nine ,  fluoranthenyl  derivatives.  N-  doped 
polyacetylens  etc..  The  behaviour  of  these  radicals  is  compared 
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to  a  radical  anion  aalt,  qutnolinua  bis  tatracyanoquinodiocthane 
considered  as  a  reference. 

The  performances  of  this  apparatus  and  a  new  120  RHz  ESR  spec¬ 
trometer  which  is  under  realization  sake  their  use  envisageable 
for  superconductor  materials  and  also  free  radical  solutions 
used  in  NMft  magnetometers  studies. 


Q7.6 

STUDIES  ON  THE  FORMATION  OF  SWITCHING  AND  MEMORY 
STORAGE  MATERIALS  CONSTRUCTED  FROM  METALLO-ORGANIC 
CHARGE-TRANSFER  SALTS  Hailing  Duan.  Dwaine  0. 

Cowan,  Department  of  Chemistry;  and  Jerome  Kruger, 
Department  of  Materials  Science  and  Engineering, 
The  Johns  Hopkins  University,  Baltimore,  MD21218. 

Current  controlled  bistable  switching  and  memory 
effects  have  been  observed  on  metallo-organic 
charge-transfer  salts,  such  as  CuTCNQ  and  AgTCNQ, 
etc.  These  salts  can  be  prepared  by  directly 
reacting  metal  donors  with  organo-acceptors  in  an 
acetonitrile  solution.  Metal  donors  both  from 
transition  groups  and  main  groups  have  been  tried. 
Different  metal  donors  showed  different  reactivity 
with  tetracyanoquinodimethane  (TCNQ) ,  as  electron 
acceptor,  in  the  formation  of  the  charge-transfer 
salts.  Electrochemical  measurement  has  been 
employed  to  characterize  the  donor  reactivity  in 
the  formation  of  the  charge-transfer  salts.  SEM 
has  also  been  used  to  examine  the  process  of 
crystallization  of  the  charge-transfer  salts  on  a 
spherical  single  crystal  of  Cu .  A  possible 
mechanism  of  localized  corrosion-crystallization 
process  has  been  proposed  for  the  formation  of  the 
charge-transfer  salts. 

Q7.7 

OPTICAL  STUDIES  OF  POLYANILINES:  EFFECTS  OF  ALKYL  RING- 
SUBSTITUTION  AND  SOLVENT  ENVIRONMENT-  A  Ray.  A.G. 
MacDiarmid,  Department  of  Chemistry,  University  of  Pennsylvania, 
Philadelphia,  PA  19014;  J  M  Ginder  and  A  J  Epstein,  Department 
o‘  Physics,  The  Ohio  State  University,  Columbus,  OH  43210. 

Methyl  and  ethyl  ring-substituted  derivatives  of  polyaniline  have 
been  synthesized  and  characterized  by  UV-visible-near  IR 
spectroscopy  Optical  spectra  of  the  base  forms  in  DMF  solution 
suggest  that  the  torsion  angle  between  adjacent  rings  is  increased 
by  steric  hindrance  due  to  the  alkyl  groups  in  the  substituted 
polyanilmes,  leading  to  blue  shifts  in  the  ~4eV  ('bandgap')and  ~2  eV 
("exciton")  absorptions  and  an  accompanying  decrease  in  relative 
intensity  of  the  "exciton"  band.  Steric  considerations’  appear  to 
override  electronic  effects  of  alkyl  substituents. 

The  methyl  ring-substituted  derivative,  poly(o-toluidme),  is  shown 
to  exhibit  solvatochromism.  The  "exciton"  absorption  shifts  from 
2.03  eV  in  pure  N-methylpyrrolidinone  to  2.19  eV  in  pure  CH2CI2, 
accompanied  by  a  loss  in  intensity  relative  to  the  "bandgap" 
absorption,  with  intermediate  spectra  observed  in  mixtures  of  these 
two  solvents.  The  phenomenon  is  attributed  to  the  presence  of  a 
more  "rod-like-  state  m  NMP  as  compared  to  a  more  "coil-like-  state 
m  CH2CI2 

The  effects  of  alkyl  substituents  on  acetic  acid  solution  spectra  of 
emeraldme  salt  will  be  discussed  with  respect  to  polaron  band 
formation  in  these  systems.  ' 1 

1  J.M.  Ginder,  A.J  Epstein,  and  A.G.  MacDiarmid,  to  be  published. 
2.  S  Stafstrom,  J.L  Bredas,  AJ.  Epstein,  H.S.  Woo,  D.B  Tanner,  W.S 
Huang,  and  A.G.  MacDiarmid,  Phys  Rev  Lett.  59,  1464(1987). 

‘Supported  in  part  by  DARPA  through  a  contract  monitored  by  U  S 
CNR. 

Q7.8 

SPECTRO-ELECTROCHEMICAL  STODY  OF  RING- SUBSTITUTED 
POLYANILINE:  POLY(  2-METH0XYANILINE)  AND  POLY(2,5- 

DIMETHOXYANILINE ) .  Robert  Clark  and  Sze  C.  Yang,  University 
of  Rhode  Island,  Department  of  Chemistry,  Kingston,  RI 
02081. 


Electronic  absorption  spectra  of  chemically  modified 
polyaniline  were  studied  as  a  function  of  the 
electrochemical  potential  and  the  degree  of  protonation. 
The  chemical  modification  involves  attaching  one  or  two 
methoxy  functional  groups  to  the  aromatic  ring  at  carbon 
positions  next  to  the  C-N-C  bridge. 

The  electronic  absorption  spectra  of  mono-methoxy 
substituted  polyaniline  are  qualitatively  similar  to  that  of 
the  un-subs titu ted  polyaniline.  While  the  di-methoxy 
substituted  polyaniline  show  dramatic  change  of  number  of 
bands  and  the  position  of  bands. 

The  chemical  modifications  change  the  oxidation  potentials 
and  the  pKa  of  various  oxidation  and  protonation  forms  of 
the  polymer?  The  conditions  for  insulator/metal  transitions 
are  examined  on  a  pH-potential  phase  diagram  and  are 
compared  with  that  of  the  un-substituted  and  the  methyl- 
substituted  polyaniline.  It  is  concluded  that  both  steric 
and  electronic  influences  of  the  methoxy  substituents  are 
important  to  the  modification  of  its  electronic  property. 

This  work  is  supported  in  part  by  a  contract  administered  by 
the  Office  of  Naval  Research  from  DARPA. 

Q7.9 

ELECTRON  PARAMAGNETIC  RESONANCE  OF  STUDIES  OF 
DONOR -ACCEPTOR  SALTS  IN  POLYMER  MEDIA.  S.A.  Jansen 
and  Y-C.  Fann.  Department  of  Chemistry  and  Materials 
Science,  Temple  University,  Philadelphia,  PA  19122. 

Charge  transfer  complexes,  their  inherent  electrical 
conductivity,  magnetic  properties  and  donor- acceptor 
redox  relationships,  have  been  a  focus  of  much 
research  in  the  last  several  years.  One  direction  has 
been  in  the  design  of  memory  devices  and  applications 
In  molecular  electronics.  Our  work  has  focused  on 
analysis  of  such  processes  in  a  polymeric  film 
medium.  Polycarbonate  films  of  7,7’ ,8, B’ -Tetracyano¬ 
quinodimethane  (TCNQ)  and  o-tolidine  complexes  were 
studied  by  EPR  spectroscopy  from  100-300K.  EPR 
spectra  and  magnetic  susceptibility  of  the  dispersed 
charge-transfer  complexes  will  be  presented  and 
compared  to  the  pristine  materials.  These  studies 
were  carried  out  as  a  function  of  donor/acceptor 
stoichiometry  and  concentration  within  the  polymer 
matrix.  Saturation  studies  show  significant 
differences  as  the  composition  varies.  In  addition, 
the  g-tensor  and  linewidth  are  strongly  dependent  on 
temperature  and  composition.  A  detailed  molecular 
orbital  study  has  aided  in  the  analysis  of  the 
experimental  data. 

Q7.10 

HALL  EFFECT  AND  MAGNETORESISTANCE  IN  UNDOPED 
POLY(3-HEXYLTHJOPHENE  ).  Azar  Assadi.  Christer  Svensson  and 
Magnus  WiUander.  Dept,  of  Phys.  and  Measurement  Technology,  Linkoping 
University.  S-S8)  83  Linkbping,  Sweden. 


Abstract. 

We  report  studies  of  transport  properties  of  thin  films  of  undoped 
poly(3-hexylthiophene)  (P3HT).  The  measurements  were  performed  at  room 
temperature  on  material  fabricated  by  spinning  a  polymer  solution  onto  oxidized 
silicon  or  glass,  in  some  cases  in  the  form  of  a  field  effect  transistor  [1].  The 
film  thicknesses  was  in  the  order  of  1000  A.  We  studied  magnetoresistance, 
field  effect  and  Hall  effect  in  these  samples. 

Transverse  magneioresisttnce  was  measured  on  films  on  glass.  A  positive 
magnetoresistance  (DR/R)  with  an  initial  relative  resistance  increase  rate  of 
0.073  T"‘  was  found.  Transverse  magnetoresistance  was  also  studied  by 
measuring  the  change  of  the  field  effect  mobility  with  magnetic  field.  This 
measurement  was  performed  using  the  field  effect  transistor  structure.  An  initial 
mobility  of  2.5*1  Or"  cmVV s  was  reduced  in  a  transverse  magnetic  field. 

We  also  carried  out  Hall  effect  measurements  on  films  on  glass  using  a  Van  der 
Pauw  electrode  configuration.  The  measured  Hall  mobility  was  I.JMO'5 
cmvVs  and  the  charge  carrier  concentration  was  found  to  be  9.4*  10‘ 2  cm. 
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This  mobility  is  thus  somewhat  lower  than  the  observed  field  effect  value 
above. 

The  strong  magnetoresistance  observed  may  indicate  that  the  charge  carriers  in 
P3HT  have  spins,  i.  e.  are  polarons  . 

[1]  A.  Assadi,  C.  Svensson,  M.  Willander  and  O.  lnganSs,  "Field  effect 
mobility  of  poly(3-hexylthiophene)",  Appl.  Phys.  Lett.,  Vol.  33,  pp. 
195-197,  1988. 

Q7.ll 

ELECTRON  TUNNELING  BETWEEN  CHARGE  DENSITY  WAVE 
(CDW)  AND  NORMAL  METAL  AND  BETWEEN  TWO  CDW's. 
XiaoZhou  Huang  and  Kazumi  Maki,  Department  of  Physics.  University 
of  Southern  California,  Los  Angeles.  CA  90089-0484. 

Making  use  of  quasi-one  dimensional  Frohlich  model,  we  study  the  elec¬ 
tron  density  of  states  and  the  tunneling  current  between  CDW  and  nor¬ 
mal  metal  and  between  two  CDW’s.  Unlike  the  one  dimensional  model, 
the  density  of  states  of  a  CDW  has  a  sharp  peak  at  ui  =  A(T)  +  <o. 
where  A (T)  is  the  order  parameter  and  to  is  the  unnesting  parameter. 

The  present  result  describes  quite  well  a  recent  tunneling  experiment  by 
Ekino  and  Akimitsu  on  NbSej. 

The  tunneling  current  between  two  CDW’s  includes  a  term  analogous 
to  the  Josephson  current,  which  depends  on  the  phase  difference  of  two 
order  parameters.  However,  unlike  the  iosephson  effect  there  is  no  su- 
percurmt  between  two  CDW’s.  Further  this  term  gives  rise  to  an  oscil¬ 
lating  current  when  two  CDW’s  slide  with  different  velocities  along  the 
chain  direction. 

Q7.I2 

BELOW-GAP  PICOSECOND  PHOTOCONDUCTIVE  RESPONSE  OF 
STRETCHED  TRANS-POLYACETYLENE  A/Walser.  R.  Dorsinville.  R. 
R.  Alfano.  Physics  and  Electrical  Engineering.  Depts.  City  College 
of  New  York  138th  St.  and  Convent  Ave.  New  York,  New  York 
10031;  G.  Dellepiane.  Universita'  di  Genova,  Italy  and  R.  Tubino 
lstituto  di  Fisica  deU'Universita'.  Via  Vienna  2,  Sassari  and 
Istituto  di  Chimica  delle  Macromolecole,  CNR,  Milano  Italy 

The  temperature  dependence  of  the  picosecond 
photoconductive  response  with  above  gap  excitation  for  an 
highly  oriented  form  of  trans-polyacetylene  was  recently 
measured*.  Here,  we  wish  to  extend  our  past  measurements  of 
oriented  samples  and  compare  the  temperature  dependence  of 
the  photoconductive  response  with  above  gap  excitation  to  that 
of  below  gap  excitation.  When  the  direction  of  the  external  dc 
field  is  parallel  to  the  chain  direction  (1-d  configuration)  the 
fast  response  is  independent  of  temperature  while  for  current 
flow  perpendicular  to  the  chains  (3-d  configuration)  the  fast 
photoconductive  response  is  temperature  dependent.  This 
response  for  the  1-d  and  3-d  configurations  occur  for  both 
above  and  below  gap  excitation.  The  activation  energy  for 

above  and  below  gap  excitation  is  0.048  eV  and  0.063  eV 

respectively.  The  picosecond  photo-conductive  response  for 

above  and  below  gap  excitation  of  trans-(CH)x  supports  the 

theory  that  the  mobile  charged  carriers  (soliton  and  polarons) 
for  both  cases  are  one  in  the  same. 

The  research  at  CCNY  is  supported  in  part  by  NASA  and  NSF. 

1  A  Walsct.  A.  Seas.  R.  Dorsinville.  R.  R.  Alfano.  R.  Tubino.  Solid  Slate 
Communications.  62.  333  (1988) 

Q7 . 1  3 

THE  PENN  STATE  5-100  GHz  FREE-SPACE  MICROWAVE 
CHARACTERIZATION  SETUP.  Deepak  K.  Chodgaonkar. 
Vi|av  K,  Varadan  and  Vasundara  V.  Varadan,  Researcn  Center 
fur  the  Engineering  of  Electronic  and  Acoustic  Materials,  227 
Hammond  Building,  Pennsylvania  State  University,  University  . 
Park,  PA  16802. 


At  our  Center,  we  have  set  up  a  state-of-the-art  free-space 
measurement  apparatus  for  characterizing  the  electromagnetic 
reflection  and/or  transmission  properties  of  planar  samples  in 
the  5-100  GHz  frequency  range.  The  heart  of  the  apparatus 
consists  of  two  spot-focussed  antennas  mounted  on  circular 
tracks  on  a  horizontal  table,  while  the  brain  is  constituted  by  a 
HP8510B  vector  network  analyzer.  The  system  is  fully 
automated  and  has  been  calibrated  to  yield  reliable  and  accurate 
S-parameter  measurements.  Firmware-type  algorithmic 
procedures  have  been  designed  to  yield  the  complex 
electromagnetic  properties  of  the  samples  as  functions  of 
frequency.  Validation  against  known  materials  has  been  carried 
out.  New  data  pertaining  to  materials  such  as  ferrites, 
conducting  polymers,  and  cmral  materials  will  be  presented. 

Q7.14 

DONOR-ACCEPTOR  MOLECULES  FOR  SECOND 
HARMONIC  GENERATION.  Malcolm  R.  McLean,  Mamoun 
M.  Badr  and  Larry  R.  Dalton,  Department  of  Chemistry, 
Robert  L.S.  Devine  and  William  H.  Steier,  Department  of 
Electrical  Engineering,  University  of  Southern  California,  Los 
Angeles,  CA  90089-1062. 


Present  materials  such  as  2-methyl-4-nitroaniline  (MNA)  and 
LiNbOj  have  x<2>  values  in  the  usable  regime  for  certain 
applications  such  as  frequency  doubling.  However,  although 
the  magnitude  of  the  x*2>  effect  in  such  materials  is 
appreciable,  there  are  many  difficulties  in  using  these 
materials  in  several  important  electTO-optical  applications. 
Clearly,  the  development  of  new  materials  with  improved 
qualities  is  essential  for  device  development.  Theoretical 
calculations  indicate  that  we  can  easily  surpass  the  x(2)  values 
of  present  materials.  We  are  currently  designing  and 
synthesizing  novel  3-ring  aromatic  materials  with  in  built 
robustness  as  a  foil  against  degradation.  Precedent  for  their 
durability  came  from  our  experience  with  ladder  polymers 
such  as  PQL,  PTL,  BBB  and  BBL.  Initial  experimentation 
involved  corona  poling  in  a  poly-methylmethacrylate  matrix 
followed  by  measurement  of  the  P  value  at  1064  nm  utilizing 
a  Nd/Yag  laser  at  its  fundamental  frequency.  Results  look 
promising,  with  a  value  higher  than  MNA  and  comparable  to 
Disperse  Red  1,  but,  more  importantly,  with  minimal  thermal 
or  atmospheric  degradation. 

Q7. 15 

EFFECTS  OF  CONJUGATION  LENGTH  AND 
SUBSTITUENTS  ON  THE  CONDUCTIVITY  OF 
OXIDATIVELY  DOPED  a.u>-DIPHENYLPOLYENES.  Linda  S. 
Sapochak,  Dave  W.  Polis,  Art  N.  Bain,  Larry  R.  Dalton, 
University  of  Southern  California,  Los  Angeles,  CA;  and 
Charles  W.  Spangler,  Northern  Illinois  University,  DeKalb, 
IL. 

It  has  been  demonstrated  that  the  oxidative  doping  of 
unsubstituted  and  substituted  a.to-diphenylpolyenes  generate 
polaronic  and  bipolaronic  intermediates  that  can  be  directly 
observed  by  absorption  spectroscopy.  Furthermore,  the 
transitions  have  been  shown  to  directly  correlate  with 
conjugation  length  and  the  electronic  species  are  stabilized  by 
donor  substituents  and  destabilized  by  acceptor  substituents. 
We  now  wish  to  report  conductivity  studies  on  these  model 
compounds  including  the  influence  of  conjugation  length 
and  effects  of  donor  and  acceptor  substituents  on  the 
conductivity.  The  implications  of  these  investigations  on  the 
metallic  conducting  state  of  these  model  systems  provides 
important  information  for  design  of  new  electroactive 
materials. 
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Q7.16 

CHARGE  TRANSFER  COMPLEX  OF  HEXAKIS  (ALKYLTHIO)  BENZENE 
WITH  TETRAFLUOROTETRACYANOOUINODIMETHANE  (l-EDTB), 
TCNQF4:  A  QUEST  FOR  TRIPLET  STATE  !  Daniel  Chas-wan  Marc 
AMaume,  Georges  Bravic,  Laboratoire  de  Cristallographie  et  Physique 
Cristalline.  URA  144  CNRS;  Ren£  Lapouyade,  Laboratoire  de 
Photophysique  et  Photochimie  Mol£culaire;  Jean-Pierre  Morand,  ENSCP 
Bordeaux;  Jacques  Amiell  and  Pierre  Delhaes,  Centre  de  Recherche  Paul 
Pascal  CNRS,  Domaine  Universitaire  de  Bordeaux  I,  33405  Talence 
Cedex  (FRANCE) 

In  order  to  evaluate  the  potentiality  of  organic  donor  molecules  for 
molecular/organic  ferromagnets,  with  in  principle  Cj  molecular  symmetry, 
as  in  the  hexakis  (alkylthio)  benzene,  we  have  prepared  single  crystals  of 
the  charge  transfer  complex  of  triethylene  dithio  benzene  (t-EDTB)  with 
TCNQF4,  which  has  been  subsequently  oxidized  with  bromine  and  arsenic 
peniafluoride  gas. 

The  stoichiometry  of  this  complex  is  2:1  and  it  crystallizes  in  the  triclinic 
system,  space  group  Pj  with  the  following  cell  parameters:  a  =  11.515, 
b=  11.044,  c=  10.460  A.  o=  111.50°,  122.50°,  7  =  93.82°.  The  crystal 

structure  consists  of  columns  of  alternating  donor  dyads  and  acceptors 
monads  (DDADDA).  The  degree  of  charge  transfer  is  estimated  to  be  0.2- 
0.3  from  the  methods  based  on  bond  lengths. 

While  (t-EDTB)^-  TCNQF4  does  not  give  a  significant  ESR  spectrum, 
after  treatment  with  the  bromine  gas  a  single  line  ,  centered  around  the 
free  electron  g  value,  appears  without  any  evidence  of  either  a  ground  or 
an  excited  triplet  state.  Oxidation  process  with  AsF<;  is  under  investigation, 
using  the  strategy  developped  by  Chiang  and  coworkers. 

Q7.17 

FERROMAGNETIC  INTERACTIONS  IN  A  SERIES  OF 
SCHIFF-BASE  METAL-ORGANIC  POLYMERS.  F.  Palacio. 

J.  Garin,  J.  Reyes  and  F.J.  Lazaro,  I.C.M.A., 
C.S.I.C.  -  Universidad  de  Zaragoza,  50009 
Zaragoza  (Spain) 

The  synthesis  and  magnetic  properties  of  a 
series  of  metal-organic  polymers  of  general 
formula  (  [M ( C l 3 H : 7 N 3 )  2  1  X ■ 6H 20 ) n  ,  where  M  - 

Fe(II|  or  Co  (II)  and  X  -  S04”,  (N03')2,  <C1~)2, 

are  reported.  Magnetization  and  a.c.  magnetic 
susceptibility  measurements  indicate  the 
presence  of  strong  ferromagnetic  interactions  in 
the  materials. 

The  organic  polymer  is  prepared  from  the 
polycondensation  of  a  di-aldehyde  with  a  diamine 
and  it  is  diamagnetic.  When  the  polymer  is  added 
to  an  aqueous  solution  of  the  corresponding 
metallic  salt,  the  resulting  material  exhibits 
rather  unusual  magnetic  properties. 

The  Fe-based  polymers  present  rather  high  in- 
phase  (X'l  and  out-of-phase  (X")  components  of 
the  ac  magnetic  susceptibility,  with  a  maximum 
in  x'  around  250  K.  In  the  case  of  the  Co-based 
ones  the  anomalies  lie  between  1  and  10  K.  In 
tne  temperature  range  below  the  x'  maximum,  the 
frequency  dependence  of  the  a.c.  susceptibility 
and  the  magnetization  are  consistent  with  those 
of  a  blocked  superparamagnet . 
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MAGNETISM  IN  DECAME1  H  YL  cERROCENI  UM  TETRACYANO- 
ETHANIDE,  IDMeFc]  *  [TCNE] '  AND  RELATED  SYSTEMS* .  Arthur  J. 
Spsteu  Department  of  Physics  and  Department  of  Chemistry.  The 
Ohio  State  University,  Columbus,  Ohio  43210,  and  Joel  S  Miller, 
Central  Research  and  Development  Department,  E  l  du  Pont  de 
Nemours  8  Company,  Inc.,  Wilmington,  DE  19880. 

The  three-dimensionally  ordered  ferromagnetiv  ground  state  of 
(DMeEc)  '(TCNE)'  and  its  development  from  the  paramagnetic 
state  have  been  extensively  studied  utilizing  a  wide  variety  of 
techniques.  The  magnetic  susceptibility  for  magnetic  fields 
oriented  parallel  and  perpendicular  to  the  stacking  axis  is 
consistent  with  Heisenberg-like  behavior,  though  the  apparent 
exchange  interaction  differs  for  magnetic  fields  oriented  parallel 
and  perpendicular  to  the  stacking  axis.  Neutron  diffraction  studies 
show  the  presence  of  increasing  order  below  the  Curie 
temperature,  Tc  =  4  8K.  Specific  heat  experiments  show  a  transition 
to  the  ordered  state  at  4.8K  and  reveal  the  dominance  of  one¬ 
dimensional  interactions  for  T  >TC.  AC  susceptibility  studies  confirm 
the  transition  and  reveal  the  presence  of  unusual  loss  mechanisms 
in  the  ferromagnetic  state.  Together  these  experiments  lead  to  a 
perspective  of  a  transition  from  predominately  one-dimensional 
interactions  for  T>TC  to  three  dimensional  ordering  at  Tc,  to  an 
anisotropic  ferromagnetic  state  for  T<TC.  Numerous  critical 
constants  have  been  estimated  for  these  systems  and  show  that  the 
behavior  is  intermediate  between  Heisenberg  and  ising-like  as  the 
material  approaches  the  3-D  ferromagnetic  transition  Selective  i) 
replacement  of  the  metal  ion,  ii)  replacement  of  Me  substituent 
groups  with  H,  iii)  use  of  C6-ring  ligands  instead  of  Cs-nnq  ligands, 
and  iv)  replacement  of  TCNE  with  alternate  acceptors  nas  been 
carried  out.  These  results  are  consistent  with  a  model  of 
configuration  mixing  of  the  lowest  charqe  transfer  excited  state 
with  the  ground  state  developed  earlier  to  understand  the 
magnetic  coupling  in  such  systems 

*  Supported  in  part  by  the  U  S  Department  of  Energy  Grant  No 
DE-FG02-86ER45271.A003. 

Q8 . 2 

FERROMAGNETIC  INTERACTIONS  IN  ORGANIC  SOL¬ 
IDS:  AN  OVERVIEW  OF  THEORY  AND  EXPERIMENT. 
J.  B.  Torrance,  IBM  Almaden  Research  Center,  San  Jose,  CA, 

U.S.A. 
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The  simple  model1  for  ferromagnetic  interactions  in  a  segregated 
stack  of  organic  radicals  is  reviewed.  In  order  to  test  this  model, 
spin  interactions  between  two  benzene  radical  anions  have  been 
calculated3  and  shown  to  be  indeed  ferromagnetic.  As  an  exper¬ 
imental  test  of  this  model,  a  series  of  cation  radical  salts  of 
decacyclcne  were  prepared,  but  did  not  exhibit  ferromagnetic 
interactions3  Organic  ferromagnetism  was  found1,  however,  in  the 
polymeric  system  based  on  triaminobenzene.  Recent 
polymerization  studies4  of  this  system  are  also  discussed. 

'J.  B.  Torrance,  S.  Oostra,  and  A.  Nazzal,  Synth.  Met.  19,  709 
(1987). 

3P.  S:  Bagus  and  J.  B.  Torrance,  Phys.  Rev.  B39,  7301  (1989). 

3J.  B.  Torrance,  P.  S.  Bagus,  I.  Johannsen,  A.  I.  Nazzal,  S.  S.  P. 
Parkin  and  P.  Batail,  J.  Appl.  Phys.  63,  2962  (1988). 

4I.  Johannsen,  J.  B.  Torrance,  and  A.  I.  Nazzal,  Macromol.  23, 
566  (1989). 
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RECENT  PROGRESS  IN  THE  PREPARATION  OF  ORGANIC 
METALS  AND  ORGANIC  FERROMAGNETS.  Fred  Wudl.  Fritz 
Closs,  Pierre-Marc  Allemand,  Gordana  Srdanov,  Toshiyasu 
Suzuki,  Heiki  Isotalo,  Hamid  Kasmai  and  Hideki  Yamochi, 

Institute  for  Polymers  and  Organic  Solids,  Departments  of  Physics 
and  Chemistry,  University  of  California,  Santa  Barbara,  California 
93106 

The  preparation  and  properties  of  new  organic  metals  based  on 
bis(ethilenedioxo)tetrathiafulvalene  (BEDO)  will  be  presented.  These  in¬ 
clude  the  AsF6,  PFfi,  and  N(CN)2  sits  as  well  as  the  three  dimensional 
metal  [(BEDO).^;].  The  results  of  electron  spin  resonance,  magnetic 
susceptibility,  and  transport  will  be  presented. 

The  preparation,  epr,  ENDOR,  and  magnetic  susceptibility  of  a  single 
crystal  of  a  nitroxyl  which  has  magnetic  susceptibility  behavior  of  a 
ferromagnet  with  a  low  transition  temperature  (8  =  0.9K)  will  also  be 
presented.  Its  properties  will  be  correlated  with  its  crystal  structure  and 
molecular  orbital  calculations.  The  former  shows  short  inter  hetero  atom 
contacts  and  hetero  atom-carbon  contacts. 

Q8.4 

MAGNETIC  PROPERTIES  OF  MICROCRYSTALLINE  "POLY- 
( PHENYLDIACETYLENES ) "  CARRYING  RADICAL  OR  CARBENE 
CENTERS  ON  THE  SIDE  CHAINS.  Noboru  Koga ,  Katsuya 
Inoue,  Norik o  Sasagawa,  and  Hiizu  Iwamura*, 
Department  of  Chemistry,  The  University  of  Tokyo, 
7-3-1  Hongo,  Bunkyo-ku,  Tokyo  113,  Japan 

According  to  the  theories  of  topological  symmetry  of 
conjugated  molecules  and  the  EPR  experiments  on 
model  dimers,  the  exchange  coupling  between  radical 
centers  attached  to  the  phenyl  rings  is  predicted  to 
be  ferromagnetic  in  poly(l-(m-or  p-substituted 
phenyl ) -1 , 3-butadiynes )  obtained  by  topochemically 
controlled  head-to-tail  polymerization. 

The  1-phenyl-l , 3-butadiyne  derivatives  (1  and  2, 
respectively)  carrying  stable  t-butylnitroxyls  (aN* 
1.35  mT)  and  diazomethyl  groups  have  been  prepared. 
Mixed  crystals  of  1  and  the  corresponding 
hydroxylamine  ( <  1 :  1  )  polymerized  in  the  solid  state 
at  100  C  to  give  black-violet  microcrystals  with 
metallic  luster.  A  microcrystalline  sample  of  2 
underwent  spontaneous  polymerization  at  room 
temperature  when  crystallized  to  give  an  insoluble 
polymer  which  was  then  photolyzed  at  cryogenic 
temperature  to  generate  triplet  carbene  centers 
attached  to  the  phenyl  rings  of  the  poly( phenyl- 
diacetylene  ) . 

Some  of  these  microcrystalline  polymeric  samples 
were  responsive  to  a  magnet  at  room  temperature. 
Magnetic  susceptibility  data  of  the  two  samples  will 


be  discussed.  Hydrogen  bonding  between  the  poly¬ 
diacetylene  chains  as  estimated  by  X-ray  crystal 
structure  of  1  is  considered  to  be  responsible  for 
increasing  the  dimension  of  the  spin  alignment. 


Q8.5 

ROLE  OF  TOPOLOGY  IN  SPIN  ALIGNMENT  OF  ORGANIC 
MATERIALS.  Koichi  I toh ,  Take} i  Takui,  Yoshio 
Teki,  and  Takamasa  Kinoshita,  Department  of 
Chemistry,  Faculty  of  Science,  Osaka  City 
University,  Sugimoto,  Sumiyoshi -ku ,  Osaka  558 
Japan. 


Since  the  detection  of  m-pheny lenebi s ( pheny Imeth- 
ylene),  the  first  organic  high-spin  molecule,  in 
1967,  we  have  synthesized  and  characterized  a 
series  of  organic  high-spin  molecules  as  models 
for  organic  ferromagnets  and  f err imagnets .  The 
molecular  design  for  most  of  these  compounds  has 
been  based  on  the  utilization  of  pi  spins  in 
topologically-degenerate  non-bonding  MO’s  as  well 
as  of  sigma  spins  in  localized  orbitals  on  the 
divalent  carbon  atoms  of  carbenes.  In  this  paper, 
it  is  shown  that  the  spin  alignment  in  such 
organic  compounds  as  determined  by  single  crystal 
ESR  is  highly  dependent  on  the  topological  nature 
of  their  molecular  pi  electron  networks.  This 
remarkable  nature  is  further  interpreted  using  the 
topological  isomers  of  bipheny-n , n 1 -bis ( pheny 1 - 
methylene)  in  terms  of  their  spin  density 
distributions  which  have  been  determined  by  a 
single  crystal  ENDOR  technique  and  compared  with 
theoretical  values  calculated  on  the  basis  of  a 
generalized  Hubbard  model  and  the  Heisenberg 
model;  this  is  interesting  because  one  of  the 
isomers  (n=n’*3)  has  the  ground  state  whose  spin 
multiplicity  is  predicted  differently  by  molecular 
orbital  and  valence  bond  methods.  Our  approach 
has  been  extended  to  polymers  in  order  to 
elucidate  the  origin  of  their  magnetism.  The 
results  of  their  magnetic  characterization  will  be 
discussed . 
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ROLE  OF  HICH-SPIN  MOLECULES  AS  MODELS  FOR  0RCANIC  FERRO-  AND 
FERRIMACNETS,  AND  PI-TOPORECULATED  MAGNETIC  POLYMERS.  Take ii 
Takui .  Masayuki  Okamoto,  Kazunobu  Satoh,  Toyohiro  Shichin, 
Yoshio  Teki,  Takamasa  kinoshita,  and  Koichi  Itoh,  Department  of 
Chemistry,  Faculty  of  Science,  Osaka  City  University,  Sugimoto, 
Sumiyoshi-ku,  Osaka  558,  JAPAN. 

The  quest  for  organic  magnetism  is  the  focus  of  current  topics 
from  both  academic  and  industrial  sides.  Our  continuing  study  of 
high-spin  molecules  as  models  for  organic  ferro-  and  ferri- 
magnets  can  be  traced  back  to  the  detection  of  the  first  high- 
spin  hydrocarbon,  m-phenylenebis(phenylmethylene)  ir  1967  by  one 
of  the  authors  and  to  the  proposal  of  pi-toporegulated  ferromag¬ 
netic  polymers.  Our  strategy  for  obtaining  organic  magnetism 
contains  (1)  molecular  design  for  high-spin  assemblies  exploi¬ 
ting  topologically-degenerate  pi  non-bonding  MO's  and  (2)  intro¬ 
duction  of  functional  groups  such  as  heteroatoms  and  methylene 
as  bridges  between  high-spin  assemblies  in  order  to  increase 
dimensionality  of  spin  structure.  In  the  latter  study,  exchange 
interaction  via  an  ether  bridge  or  via  methylene  between  two 
high-spin  assemblies  has  been  examined  by  single-crystal  ESR 
spectroscopy.  Whether  it  is  ferromagnetic  or  antiferromagnetic 
depends  upon  the  substituted  position  of  the  bridge,  demonstra¬ 
ting  the  importance  of  the  topological  nature  in  spin  ordering. 
It  turns  out  that  superexchange  interaction  or  hyperconjugation 
mechanism  can  dominate  spin  ordering  between  high-spin  assem¬ 
blies.  Using  the  criteria  obtained,  model  compounds  for  units  of 
organic  ferrimagnets  have  been  synthesized  and  their  spin  struc¬ 
tures  have  been  determined.  In  order  to  elucidate  spin  ordering 
in  organic  compounds  and  ferromagnetic  behavior  originating  from 
molecular/organic  based  moieties,  it  is  indispensable  to  obtain 
information  on  the  spin  density  distribution  in  their  units  such 
as  high-spin  molecules  or  radical  sites.  Ue  have  applied  single- 
crystal  ENDOR  and  TRIPLE  techniques  to  typical  types  of  high- 
spin  molecules,  one  of  which  is  the  model  unit  of  an  organic 
ferrimagnet,  and  we  have  tested  various  spin-prediction  theories 
in  terms  of  the  spin  density  distributions  obtained. 


578 


Q8.7 

THERMAL  STABILITY  OF  MAGNETIC  PROPERTIES  OF  DEHYDROGENATED 
TRI-ARYLMETHANE  RESINS.  Michtya  Ota,  Gunira  College  of 
Technology,  Maebashi,  Gunma  371,  Japan;  Sugio  Otani  Faculty  of 
Engineering,  Gunma  University,  Kiryu-shi  Gunma  376,  Japan 

We  have  already  reported, pn  the  ferromagnetic  behavior  of  tri- 
arylmethane  resins.  '  These  resins  were  prepared  by 
heating  the  mixture  of  aromatic  compounds  and  aromatic  alde¬ 
hydes  in  the  presenoe  of  acid  catalyst.  '  Magnetic  prop¬ 

erty  appeared  with  dehydrogenation  by  photo-oxidization  of 
methine  proton.  These  dehydrogenated  resins  gave  the  magnetic 
hysteresis  by  vibrating  sample  magnetometer(VSM). 

Recently,  spin  states  of  these  resins  are  investigated  from 
the  standpoint  of  electron  spin  resonance(ESR)  by  Itoh's 
group.  However,  the  stability  of  a  magnetic  property  has  not 
been  discussed  yet  in  details. 

It  was  found  that  the  magnetic  properties  disappeared  by 
exposing  the  dehydrogenated  resins  to  hydrogen  halide{ex. 
HC1),  activated  CL  and  other  fresh  radical  scavengers. 

This  quenching  behavior  was  observed  by  the  VSM  o^ .the  quali¬ 
tative  check  named  as  “moving  test  on  the  water"  ,  that  is, 
hysteresis  loop  disappeared  to  become  diamagnetic  and  moving 
test  was  negative  because  the  resin  did  not  move  on  the  sur¬ 
face  of  water  after  exposing. 

This  presentation  will  be  further  discussed  on  thermal 
stability  of  magnetic  properties. 

The  authors  wish  to  thank  Prof.  K.  Itoh,  Dr.  T.  Takui,  and  Dr. 
Y.  Teki,  Osaka  City  University  for  useful  suggestions  and 
discussions. 

Reference 

1)  M.  Ota,  S. Otani  et  al.,  57th  JCS  Annual  Meeting,  3D410- 
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POLYPHENOXY  RADICALS  SYNTHESIS  AND  HOMOPOLY- 
MERIZATION  OF  3.5-D!-tert-BUTYL-4-HYDROX  YPHENYL 
DERI VATIZED  OLEFINS  AND  METHACRYLATES1.  RaYindliLB. 
r nasan i - .  Long  Y.  Cliiang.  and  Dave  P  Goshom.  Corporate 
Research  Laboratories.  Eason  Research  and  Engineering 
Company.  Annandalc.  NJ  08801. 

Stable  polyradicals  can  be  used  as  precursors  for 
organic  ferromagnetic  materials.  We  evaluated  the 
thermal  and  chemical  stability  of  various  polyphenoxy 
radicals  prepared  through  the  modified  synthetic  methods 
The  monomeric  3 .5 -di -t -buty I -4 -hydroxy  ph eny  1 
derivatized  olefins  and  methacrylates  were  prepared  in 
mulnsiep  synthesis  starling  from  2.6-di-t-butylphenoI. 

These  monomers  were  polymerized  in  the  presence  of 

radical  initiators  at  the  refluxing  temperature  of  aromatic 
solvents  under  an  inert  atmosphere.  Stable  phenoxy 
radicals  can  be  obtained  by  the  oxidation  of  polymers  with 
lead  oxide  and  other  oxidar  These  radicals  were 

characterized  by  ESR  and  t  solid  state  magnetic 

susceptibility  were  measured  at  various  temperatures. 

1  This  work  is  supported  by  the  National  Science 
Foundation  (DMR  8822532) 

^Physics  Department,  Princeton  University. 

Princeton.  NJ  08.'44, 
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organic  polyradical  models  for  organic 

MAGNETIC  MATERIALS.  David  A.  Modarelli,  Frank  C. 
Rossitto,  Masakl  Minato,  and  Paul  M.  Lahti.  University  of 
Massachusetts,  Department  of  Chemistry,  Lederle  Graduate 
Research  Tower,  Amherst,  MA  01003 


Recent  interest  in  synthesizing  organic  polyradicals  with  very 
high  spin  ground  states  has  been  spurred  by  the  hope  that 
maeromolecular  pi-conjugated  polyradicals  could  have 
potential  use  as  magnetic  materials.  We  have  been  interested 
in  synthesizing  diradical  and  polyradical  systems  based  on 
phenoxyl  radical  units  linked  by  various  conjugating  units 
with  different  non-Kekule  connectivity  parities  (see  the 
generic  diradical  structural  unit  below).  Experimental 
progress  in  synthesis  and  study  of  such  model  systems  will  be 
discussed- 


p-~0°’ 

•  o 

generic  dlradical  model 
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SYMMETRY,  CHEMISTRY  AND  OPTICS  :  A  COMBINED  APPROACH 
TO  MOLECULAR  ENGINEERING  IN  NONLINEAR  OPTICS. 

J.  Zvss  -  CNET  (LA  CNRS  250)  196  Av.  H.  Ravera 
92220  BAGNEUX  -  FRANCE 

The  purpose  of  this  work  is  twofold  :  first  we  point-out  the  relevance, 
towards  nonlinear  material  definition  and  optimization,  of  Maxwellian 
propagative  considerations  beyond  classical  chemical  and  crystallographic 
criteria.  Conversely,  we  show  that  these  latter  criteria,  although  often 
ignored  in  optical  physics  type  of  studies,  may  help  considerably  simplify 
propagative  phenomena  in  complex  low  symmetry  molecular  crystals.  We 
show  that  phase-velocity,  group-velocity  and  group-velocity  dispersion 
matching  configurations  are  demanded,  either  independantly  or  jointly,  in 
order  to  enhance  the  yields  of  frequency  conversion  and  parametric 
amplification  processes.  Such  configurations  are  discussed  within  a  simple 
geometrical  framework  which  encompasses  both  phase-matched  and 
unphase-matched,  type  I  and  type  II,  collinear  and  non-collinear  processes. 
The  trade-off  between  angular  and  spectral  acceptance  is  quantitatively 
related  to  walk-off  and  group  velocity  matching  and  "optimized" 
phase-matched  propagation  geometries  defined  for  various  nonlinear 
crystals  and  laser  pulse  durations.  Finally  we  propose  to  complement  the 
usual  oversimplified  classification  of  nonlinear  quadratic  materials  in  terms 
of  dJ  n  >  by  a  scale  of  more  relevant  parameters. 

In  the  second  part,  we  discuss  frequently  encountered  low-symmetry  biaxial 
molecular  crystals.  The  complexity  of  optical  studies  in  such  media  is  due 
to  the  apparently  arbitrary  orientation  of  the  optical  dielectric  framework 
which,  by  lack  of  crystalline  symmetry,  is  not  "overdetermined"  along  unit 
cell  axis  directions.  We  infer  this  onentation  from  the  anisotropy  of  the 
molecular  polarizability  within  a  simple  oriented  gas  model.  We  suggest  a 
simple  optical  experiment  to  account  for  the  departure  of  the 
Lorentz-Lorenz  local  field  operator  eigenframework  from  the  optical 
dielectric  axis. 

Q9.2 

NEW  SECOND-ORDER  NONLINEAR  OPTICAL  ORGANIC 
CRYSTALS.  D-  S.  Donald.  L.-T.  Cheng,  G.  Desiraju*,  G.  R.  Meredith 
and  F.  C.  Zumsteg,  E.  1.  du  Pont  de  Nemours  &  Co.,  Central  Research  & 
Development  Dept,  Experimental  Station,  Wilmington,  DE. 

The  design  of  molecular  crystals  with  specific  optical  properties,  which  are 
thought  to  arise  from  constituent  molecules'  polarizability  properties,  is  a 
desirable  but  currently  unachievable  goal.  One  can  partially  achieve  this 
goal  by  choosing  compounds  with  specific  molecular  attributes  and 
empirically  determine  the  manner  in  which  these  are  translated  into  crystal 
properties.  Beside*  the  fact  that  there  are  no  certain  rules  for  prediction  of 
crystal  packing  arrangements,  there  is  also  a  problem  in  specifying 
molecular  properties  from  what  are  today  incomplete  polarizability  structure- 
property  relationships.  We  have,  realizing  these  limitations,  identified  new 
molecular  crystals  by  a  nonlinear  optical  (powder-SHG)  scou ting-screening 
program  from  lists  of  compounds  chosen  due  to  perceived  desirable 
molecular  properties.  Examination  of  successful  materials  has  revealed 
interesting,  new  alignment  motifs.  We  will  describe  some  of  these  materials 
and  their  preparation,  relating  molecular  and  crystal  properties  and 
structures. 


X  =  -CH-CH- 
-C:::C- 
-C-CH2 
-0-,  -S-,  -NR- 
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Q9.3 

SYNTHESIS,  THERMAL  BEHAVIOR,  AND  SECOND-ORDER 
NONLINEAR  OPTICAL  PROPERTIES  OF  CONJUGATED, 
ACCEPTOR/DONOR  COMPOUNDS.  lames  F.  Wolfe.  Susan  P.  Ermer, 
Steven  M.  Lovejoy,  Doris  S.  Leung,  Ken  Aron,  Glenn  A.  Hansen,  Lockheed 
Missiles  and  Space  Co..  Inc,  Palo  Alto,  CA;  and  Steven  P.  Bitler,  SRI 
International,  Menlo  Park,  CA. 


A  series  of  new  noncentrosymmetric  compounds  having  both  electron- 
accepting  and  electron-donating  substituents  on  a  conjugated,  aromatic 
heterocyclic  structure  were  synthesized  and  their  spectroscopic,  thermal,  and 
solubility  properties  determined.  Second  harmonic  generation  (SHG)  of  the 
materials  was  studied  by  DC-induced  SHG  experiments.  Although  these 
materials  are  directly  applicable  to  processing  in  guest/host  systems,  this 
study  was  designed  to  elucidate  the  relationship  between  structure  and 
nonlinear  optical  activity,  so  that  optimal  structures  could  be  chosen  for 
attachment  as  polymer  side-chains. 

Because  the  compounds  ate  comprised  of  the  following  four  components:  an 
electron-Acceptor,  a  Linking  moiety,  a  Heterocyclic  moiety,  and  an  elecuon- 
Donating  group,  we  call  them  ALHD  compounds.  The  synthetic 
methodology  relies  first  on  the  synthesis  of  a  2-phenylbenzazole  that  is 
substituted  with  both  a  primary  and  a  secondary  amine,  the  latter  substituent 
providing  the  electron-donor  and  the  primary  amine  providing  a  site  for 
attachment  of  the  electron-accepting  moiety.  A  variety  of  electron-accepting 
groups  were  thus  attached  by  a  Schiff  base  formation  with  appropriate 
aldehydes  and  ketones. 

The  solubility  of  ALHD  compounds  could  be  modified  by  varying  the  alkyl 
substituents  of  the  secondary  amine.  Those  materials  with  long  alkyl  chains 
showed  unique  thermal  behavior,  including  the  formation  of  smectic  phases  at 
elevated  temperature.  DCSHG  experiments  to  determine  the  molecular 
nonlinear  susceptibilities  will  be  discussed. 

Q9.4 

■KtuUla  Tot  a  Multlfr*qu«ncy  rhotookrowlo  Mraory 

Gaottray  J.  Xahwall  and  Harak  Szablavakl 

Cantra  for  Holacular  Electronic*,  Cranftald  Inacltuta  of 
Technology.  cranflald  MXO  0AL,  UK 

TCHO  raacta  with  picollnlue,  lapidiniua  and  qulnaldinlue  salts  to 
give  twittarlonlc  isatarials  of  foraula  D*-CH-»C(CN) -c4H4-C(CN)j  , 
whara  D’  is  s  hatarocyclic  group.  Tha  materials  hava  large  second 
order  molecular  hyperpolariaabliitles  and  are  alao  photochronic  , 
tha  latter  being  attributed  to  intramolecular  charge  transfer  and 
internal  reorganisation  with  tha  formation  of  tha  neutral  quinonold 
form.  Their  LB  films  show  sharp  non-ovarlapping  charge  transfer 
bands  and,  by  switching  tha  conponants  at  different  frequencies, 
multilayer  films  have  the  potential  to  store  several  bits  per 
pixel.  Three  suitable  materials  with  sharp,  erasable,  charge 
transfer  bands  at  495,  565  and  614  nm  have  been  identified. 

1.  C.J.Aehwell,  UK  Patent  Appl.  (907111.6  (1SS9) . 

Q9.5 

ELECTRO-OPTIC  AND  NONLINEAR  OPTICAL 
PROPERTIES  OF  2.6-D1BROMO-N-METHYL-4- 
N1TROANILINE  (DBNMNA)  CRYSTALS.  Ajnv  N.ihma, 

Keith  A.  Horn  and  James  T.  Yardley,  Allied-Signal,  inc., 
Engineered  Materials  Sector,  Columbia  Turnpike,  Morristown, 
New  Jersey 

Single  crystals  of  a  new  nonlinear  optical  material,  2,6-dibromo- 
N-methyM-ir'roaniline  (DBNMNA),  have  been  prepared  and 
found  to  belong  to  the  orthorhombic  system,  polar  space  group 
Fdd2.  Both  the  linear  and  quadratic  electro-optic  coefficients 
were  measured  at  633  and  810  nm.  The  refractive  indices  were 
obtained  using  a  Brewsters  angle  technique  for  biaxial  crystals. 
The  nonlinear  optical  susceptibility  for  second  harmonic 


generation,  dM  ,  was  also  measured  at  1.06  and  1.62  microns  by 
comparison  with  d,,  of  y-cut  quartz.  The  second  harmonic  and 
electro-optic  results  are  compared  to  a  theoretical  model  in 
which  the  molecular  nonlinear  susceptibility,  ,  is  assumed  to 
be  the  only  contributing  tensor  component. 

Q9.6 

QUADRATIC  NONLINEAR  OPTICAL  PROPERTIES  OF  DIVA 
CRYSTAL.  Tatsuo  Wada.  C.  H.  Grossman,  Shinji 
Yamada,  Akira  Yamada,  A.  F.  Garito  and  Hiroyuki 
Sasabe,  Frontier  Research  Program  (RIKEN),  Wako, 
Saitama  351-01,  Japan. 

New  organic  nonlinear  optical  crystal  :  dicyano 
vinyl  anisole  (DIVA)  has  been  grown  from  vapor 
by  low  pressure  sublimation  and  from  saturated 
solution  by  solvent  evaporation.  Evaporation 
rate  was  controlled  by  monitoring  the  vapor 
pressure  of  solvent.  Crystallographic  structure 
and  quadratic  nonlinear  optical  properties  were 
investigated. 

The  methoxy  groups  are  nearly  aligned  along  the 
crystallographic  b-axis,  while  the  dicyano 
groups  have  approximately  a  55°direction  cosine 
to  this  axis.  Molecular  orientation  in  DIVA 
crystal  with  space  group  P21  is  favorable  for 
the  highest  possible  value  of  phase-matchable 
coefficient. 

Both  TYPE  I  and  TYPE  II  phase  matched  second 
harmonic  generation  (PMSHG)  were  observed  from 
naturally  grown  faces  of  single  crystals. 
Effective  PMSHG  was  achieved  at  a  wavelengths 
from  0.8  to  1  f/m.  The  effective  TYPE  I  PMSHG 
coefficient  (a  combination  of  d2i ,_ 623  and  a25 ) 
was  determined  as  =4.9  x  10~B  esu  =  40  x 

d21  of  quartz  at  a  wavelength  of  1.064  «m. 

Blue  laser  generation  and  optical  parametric 
effects  of  DIVA  crystal  were  also  investigated. 

Q9.7 

EFFICIENT  SECOND  HARMONIC  GENERATION  OBSERVED  IN  HVDRAZ0NE 
DERIVATIVES  OF  AROMATIC  ALDEHYDES.  Richard  S.  Potember,  Karen 
A.  Stetyick,  and  Robert  C.  Hoffman,  The  Johns  Hopkins 
University,  Applied  Physics  Laboratory,  Laurel,  MO  20707-6099 

Efficient  second  harmonic  generation  In  4-nitrobenzaldehyde 
hydrazone  was  first  observed  by  Davydov  et  al.  in  1977. 
Recently,  we  observed  efficient  second  harmonic  generation  in 
analogous  hydrazone  derivatives  of  aromatic  aldehydes  formed 
by  the  condensation  of  the  aldehyde  with  the  appropriate 
hydrazine.  The  materials  were  tested  using  the  widely-used 
Kurtz  powder  technique. 

High  SHG  efficiencies  were  observed  in  3-methoxy-4-nitrobenz- 
aldehyde  hydrazone  (32  times  ADP),  3-methoxy-4-n1 trobenz- 
aldehyde  methyl hydrazone  (10  times  ADP),  3-methyl-4-nitrobenz- 
aldehyde  hyd-azone  (25  times  ADP),  1-naphthalenecarboxaldehyde 
hydrazone  (5  times  ADP)  and  l-pyrenecarboxaldehyde  phenyl - 
hydrazone  (20  times  ADP).  The  absorption  edge  of  4-nitrobenz- 
aldehyde  hydrazone  (490  nm)  was  shifted  to  approximately  440 
to  450  nm  by  adding  methyl  and  methoxy  donor  groups  adjacent 
to  the  acceptor  group  on  the  aromatic  portion  of  the  molecule. 
The  absorption  edge  of  3-methoxy-4-nitrobenzaldehyde  hydra¬ 
zone,  3-methoxy-4-nitrobenzaldehyde  methyl hydrazone, 

3-methyl -4-ni trobenzaldehyde  hydrazone  was  442  nm,  452  nm  and 
444  nm,  respectively. 

This  work  supported  in  part  by  the  Dept,  of  the  Navy  contract 
N00039-89-C-5301. 
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Q9.8 

FERROELECTRICITY  OF  CHIRAL  COMPOUNDS  IN  HIGHLY 
OROERED  SMECTIC  PHASES.  W.  Haase.  A.M.  Bi radar, 
and  S.  Wrobel ,  Institut  fur  Phys i kal i ache  Chemie, 
TecHnische  Hochschula,  Patersanstr.  20,  D-6100 
Darmstadt,  Federal  Republic  of  Germany. 

Ferroelectric  liquid  crystals  showing  a  S^-phase 
are  truly  a  very  spectacular  material  for  the  flat 
screen.  The  respone  time  in  the  ps-region  is  very 
short.  Recently,  several  groups  developed  series 
of  different  materials  showing  some  favourable 
properties  as  polarization,  switching  time, 
stability,  etc.  We  are  focussed  on  the  related 
properties  of  the  more  crystal  like  chiral  tilted 
phases . 


transfer  onto  solid  supports.  In  these  2D 
monolayers,  molecules  are  highly  organized,  so 
that  complex  organizates  aimed  at  specific 
properties  can  be  built.  One  of  these,  a 
semi-amphiphilic  complex  made  of  two  SCN  and 
two  amphiphilic  phenantrolines  in  a  cis  position, 
exhibits  a  spin  transition  around  -  20  °C.  It 
switches  from  high  spin  (S  -  2)  at  room 
temperature  to  low  spin  (S  -  0)  at  low 
temperature.  The  transition  does  not  follow  the 
expected  thermal  Boltzman  statistics,  but  is 
rather  steep,  pointing  out  molecular  cooperation. 
The  L.B.  film  exhibits  a  hysteresis  about  5  °C  in 
width,  while  the  parent  3D  compound  exhibits  a 
hysteresis  of  less  than  1  °C,  but  a  much  sharper 
transition.  This  apparently  contradictory  behaviour 
is  ascribed  to  the  nigh  impurity  content  of  the  L.B. 
film  in  association  with  nigh  intermolecular 
coupling. 


A  report  is  given  on  the  bistability,  polarization 
effect,  switching  time,  and  on  the  dielectric 
properties  in  the  low  and  high  frequency  range  of 
a  mixture  with  a  broad  ST -phase.  Also  the  proper- 
ties  of  single  compounds  with  -  and  -phases 
are  reported.  Application  aspects  of  higher 
ordered  phases  will  be  discussed. 

Q9.9 

LANGMUIR-BLODGETT  FILMS  OF  UNIDIMENSIONAL  ORGANIC 

RECTIFIERS*.  Robert  H. _ MetZflez,  Department  of 

Chemistry,  University  of  Alabama,  Tuscaloosa,  AL 
25487-0336,  USA,  and  Charles  A.  Panetta,  Department 
of  Chemistry,  University  of  Mississippi, 
University,  MS  38677,  USA. 


The  Organic  Rectifier  Project  seeks  to  assemble  the 
unimolecular  organic  rectifier  proposed  in  1973  by 
Aviram  and  Ratner.  This  device  would  be  a  metal- 
organic-metal  sandwich,  in  which  the  organic  layer 
is  a  one-molecule  thick  Langmuir-Blodgett  (LB)  film 
of  a  suitable  D-o-A  (donor- (covalent  sigma  bridge) 
-acceptor  1  molecule.  We  have  prepared  D-O-A  molecu¬ 
les  where  D  -  pyrene,  bishexylaminophenyl  (BHAP),or 
bisdodecylaminophenyl  (BDDAP) ,  o  -  carbamate  (C) ,  s 
A  -  2-bromo,  5-hydroxyethoxy-7, 7, 8, 8-tetracyanoqui- 
nodimethan  (BHTCNQ) ,  2-hydroxyethoxyTCNQ,  and  also 
hydroxymethoxyantraquinodimethan .  The  strongest  LB 
films  are  obtained  with  D  *■  BDDAP,  but  good  films 
result  even  with  D  -  BHAP.  Some  D-O-A  systems  yield 
Z-type  multilayers. 

Crude  attempts  to  measure  through-film  conductivity 
land  rectification)  using  sandwiches  A1  I  BDDAP-C- 
BHTCNQ  I  A1  (overlap  area  about  1-2  mmJ)  gave  only 
open  or  short  circuits.  A  scanning  tunneling  mi¬ 
croscope  experiment  on  a  gold  I  silver  I  mica  substrate 
yielded  deceptive  results. 


•Research  supported  in  part  by  NSF-DMR-88-01924, 
and  by  NSF-EPSCoR  (Mississippi) 


Q9.10 

L.B.  FILM  EXHIBITING  COOPERATIVE  SPIN 
TRANSITION,  FOR  2D  MOLECULAR  MEMORY 
DEVICES.  Philippe  Coronal  Annie-Ruaudel- 
Teixier  and  A.  Barraud  CEA-IRDI-DESICP- 
DLPC/SCM,  CEN*SACLAY,91 191  GIF  SUR  YVETTE 
CEDEX  (France) 


Molecular  electronics  requires  materials  of 
molecular  size  exhibiting  switching  or  memory 
properties.  The  Langmuir-Blodgett  method  (L.B. ) 
and  its  variants  provide  controlled  fabrication  of 
molecular  films  one  molecule  thick  and  their 


Q9.11 

EFFECTS  OF  MOLECULAR  RIGIDITY  ON  ELECTRIC  FIELD- 
INDUCED  ALIGNMENT  AND  ORIENTATIONAL  STABILITY  OF 
DIPOLAR  CHROMOPHORE  COMPOSITES.  HE.  Kmz,  ML. 
Schilling,  W.R.  Holland,  and  K.D.  Singer.  AT&T  Bell  Laboraior.es, 
Murray  Hill.  NJ  07974.  and  Princeton,  NJ  08540. 


The  fabrication  of  second  order  nonlinear  oplical  materials  requires 
the  imposition  of  noncentrosymmetry  on  an  ensemble  of  cl.romophores 
with  large  hyperpolarizabilities  (p).  The  design  of  high-P  cl.romophores 
is  now  very  well  understood,  whereas  the  induction  and  maintenance  of 
the  noncentrosymmetry  in  noncrystalline  materials  remains  a  significant 
challenge.  One  of  the  leading  methodologies  for  inducing  chromophore 
alignment  in  amorphous  electro-optic  materials  is  to  pole  the 
chromophores  in  polymer  films.  Supramolecular  organization  and 
conformational  rigidity  may  be  engineered  into  chromophores  and  tl.e.r 
surrounding  matrices  in  order  to  increase  the  theoretical  alignment 
acheivable  from  a  given  electric  field  and  the  stability  of  the  alignment 
at  particular  temperatures. 

We  have  investigated  the  synthesis  and  electrical  properties  ot 
rationally  synthesized  chromophore  assemblies  such  as  conformationally 
defined  head-to-tai!  oligomers.  Angles  of  dipole  moment  vectors  or 
dimers  in  solution  are  in  agreement  with  predictions  based  on  x-ray 
structures  of  model  compounds,  with  the  dimers  displaying  enhanced 
electric  field  orientability  compared  with  the  isolated  chromophores.  We 
have  also  determined  that  conformationally  unrestricted,  monomeric  azo 
dyes  pole  as  relatively  isolated  molecules  even  when  present  in 
supersaturated  solutions  and  in  close  proximity  on  polymer  side  chains 
in  molten  phases.  However,  covalent  attachment  of  dyes  to  polymers 
enormously  improves  the  temporal  stability  of  aligned  glassy  materials, 
possibly  due  in  pan  to  interdye  interactions.  Materials  simultaneously 
exploiting  the  concepts  of  directional  assembly  and  direct  polymer 
attachment  of  chromophores  are  being  considered  in  order  to  maximize 
the  long-term  alignment  obtainable  in  polymeric  materials. 


Q9.12 

Zinc  TrlsfThlouree)  Sulfate,  A  Prototypa  Semiorganic  Non- 
Unaar  Oplical  Malarial  L.B  Newman.  L.  F.  Warren.  E.  F.  Wituck. . 
M.  D.  Ewbank  and  D.E.  Cooper,  Rockwell  Iniernalional  Science  Center. 
1049  Camino  Dos  Rios,  Thousand  Oaks,  CA,  91320  and 
G.  Burdge,  Lab.  For  Physical  Sciences.  College  Park.  MD  20740 

Zinc  tris(thiourea)  sulfate,  Zn[SC(NH2)2)3S04.  is  a  prototype  material 

in  a  newly  discovered  class  of  nonlinear  optical  compounds  which  we 
refer  to  as  -semiorganic.*  These  compounds  are  charactered  by  an 
organic  constituent  with  a  large  second  or  third  order  molecular 
hyperpolarizability  (P  ory).  chemically  bound  within  an  inorganic  salt 
forming  a  3-D  crystallographic  lattice.  The  3-D  nature  ol  the  bondmg 
in  semiorganic  materials  represents  a  major  advantage  over 
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completely  organic  systems,  which  by  virtue  of  their  predominantly 
low-dimensional  nature,  generally  grow  only  small  needle-like 
crystals  of  very  low  optical  quality.  In  addition  to  supplying  the  3-0 
bonds  which  enables  the  growth  of  large  optical  quality  crystals,  the 
inorganic  constituent  apparently  also  contributes  to  the  total  NLO 

coefficients  andy^  via  local  field  effects.  The  result  is  that  in 
contrast  to  the  expected  eflect  of  reducing  the  NLO  behavior  as  a 
result  of  ‘diluting*  the  organic  component,  the  inorganic  component 
apparently  increases  the  ellect  by  being  polarized  by  the  field  of  the 

organic  molecule.  Experimental  data  showing  both  a  significant  y^ 
<31 

andy'  '  for  this  material,  along  with  supporting  data  such  as  the 
region  of  transparency  and  the  indices  of  refraction  will  be  presented. 

Q9.13 

CARRIER  INJECTION  MECHANISM  THROUGH  ORGANIC/ 
ORGANIC  JUNCTIONS.  Syun  Egusa ,  Nobuhiro  Gemma, 
Akira  Miura  and  Makoto  Azuma.  Toshiba  R&D  Center, 
Kawasaki  city,  Japan. 

Recently,  great  attention  has  been  attracted  on  a 
novel  organic  EL  device! >  with  multilayer  struc¬ 
ture  achieving  high  brightness  and  low  voltage 
drive.  In  this  study,  we  have  investigated  the 
carrier  injection  mechanism  through  organic/ 
organic  junctions  fabricated  from  electron 
transport (A)  and  hole  transport (D)  layers. 

Several  types  of  M/organic/M  devices(M=Al , Au , ITO) 
were  prepared  by  sequential  evaporation  of  tetra- 
phenylbenzidine(D  molecule)  and  naphthaldi imide 
derivatives  molecule).  The  DC.  current,  and  the 
displacement  current  characteristics  were  measured 
by  the  low  frequency  ramp  method. 

For  MAM  and  MDM  devices,  M/A  and  M/D  junctions 
formed  ohmic  contact  for  electron  and  hole  injec¬ 
tions,  respectively.  For  the  I  .ADM  device,  rectifi¬ 
ed  characteristics  were  observed.  For  MADAM  or 
MDADM  devices,  the  DC. currents  were  extremely  sup¬ 
pressed.  These  results  indicate  that  the  D/A  junc¬ 
tion  forms  a  blocking  contact  for  a  single  carrier, 
while  the  existence  of  double  carrier  is  needed 
for  carrier  flow  through  the  D/A  junction.  The 
displacement  current  greater  than  the  charging 
current  was  also  observed  in  the  low  bias  before 
the  forward  DC. current  flowed.  It  is  suggested 
that  the  electron  and  hole  injected  from  the  re¬ 
spective  electrodes  accumulate  in  the  D/A  junction, 
and  the  resulting  local  high  electric  field  induc¬ 
es  the  tunnel  injection  through  the  D/A  junction. 

1)  Tung  &  VanSlyke, Appl -Phys.Lett ■ ,51,913(1987) 

Q10.1 

INSULATOR-MfeTAL  TRANSITION  AND  CONDUCTION 
PROCESSES  IN  TRANS-POLY  ACETYLENE,  E.M.  Conwell. 
H.A.  Mizes  and  S.  Jeyadev,  Xerox  Corporation,  Webster 
Research  Center,  Webster,  NY 

We  have  calculated  the  band  structure  for  a  chain  of  doped 
trans-polyacetylene  using  the  electronic  part  of  the  SSH 
Hamiltonian  plus  the  Coulomb  potential  arising  from  ions  and 
charged  solitons  surrounding  the  chain.  The  calculations  were 
done  for  the  lattice  structure  of  Na-doped  polyacetylene  and  for 
another  structure  approximating  that  of  iodine-doped 
polyacetylene.  To  agree  with  a  number  of  experimental 
observations  the  donated  electrons  or  holes  were  taken  to  be  in 
soliton  states  at  all  dopant  concentrations.  Because  screening 
depends  on  the  calculated  energy  levels,  specifically  on  the 
density  of  states  at  the  Fermi  energy,  q(Ep),  in  the  metallic 
state,  which  in  turn  depend  on  the  potential  used  to  obtain 
them,  self-consistency  was  required  in  the  calculations.  The 
energy  level  structure  was  found  to  depend  strongly  on  the  ion 
spacing,  conveniently  measured  in  terms  of  the  average 


spacing  a  of  C-H's  along  the  chain.  For  ion  spacing  5a, 
characteristics  of  the  Na  ion-rich  regions  up  to  an  average 
dopant  concentration  of  —6%,  the  chain  remained 
semiconducting.  For  ion  spacing  4a,  which  appears  to 
characterize  the  next  phase  for  Na  doping,  metallic  behavior 
was  found  for  a  doped  chain  length  of  —  100  sites  or  more.  Self- 
consistency  was  fulfilled  with  t)(Ef)  equal  to  the  measured 
value  of  the  saturation  Pauli  susceptibility  yp  in  the  metallic 
state.  In  addition  to  accounting  for  the  magnitude  of  yp  in  the 
metallic  state,  our  model  can  account  for  a  rapid  rise  in  yp  in 
the  transition. 

Conduction  mechanisms  in  the  "spin less  conductivity”  and 
metallic  concentration  ranges  will  be  discussed. 

Q10.2 

DETERMINATION  OF  CORRELATION  PARAMETERS 
IN  x-CONJUGATED  POLYMERS.  J.  Tinka  Gammel. 
D.K.  Campbell,  E.Y.  Loh,  Jr.;  Los  Alamos  National  Labora¬ 
tory,  Los  Alamos,  NM  87544,  S.  Mazumdar,  Department  of 
Physics,  University  of  Arizona,  Tucson,  AZ  85721;  and  S.N.  Dixit, 
Lawrence  Livermore  National  Laboratory,  Livermore,  CA  94550. 

Using  exact  finite-size  diagonalizations  of  extended  Peierls-Hubbard 
Hamiltonians  for  systems  of  up  to  15  sites,  we  study  the  excited 
state  spectra  of  models  for  the  finite  oligomer  analogs  of  trans— 
and  cis—  polyacetylene.  We  use  a  novel  boundary  condition  aver¬ 
aging  technique  and  a  variety  of  other  methods  to  extract  maxi¬ 
mal  information  from  these  small  systems.  For  several  electron- 
phonon  couplings  in  the  expected  range,  we  discuss  the  extent  to 
which  we  are  able  to  find  consistent  values  of  the  Hubbard  on-site 
(U)  and  nearest-neighbor  (V)  correlation  parameters  such  that  the 
band  gap,  the  2  1  A,  state,  optical  phonon  frequency,  and  the  op¬ 
tical  absorptions  for  charged  and  neutral  solitons  and  dimers  oc¬ 
cur  in  the  experimentally  expected  ranges.  Our  results  suggest 
that  these  correlation  parameters  are  in  the  intermediate  coupling 
regime  (U  —  2.5<o)i  beyond  the  range  of  perturbation  theory. 

*  Supported  by  DOE 
Q10.3 

OPTICAL  SPECTROSCOPY  OF  THE  CHARGE  ACCUMULATION 
LAYER  IN  POLYMERIC  SEMICONDUCTOR  MIS  AND  MISFET 
STRUCTURES  J.  H.  Burroughes,  R.  A.  Lawrence  and  R.  H.  Friend. 
Cavendish  Laboratory,  Madingley  Road,  Cambridge  CB3  OHE,  UK. 

We  have  been  able  to  fabricate  various  semiconductor  devices  using 
Durham-route  polyacetylene  as  the  active  semiconductor.  The  Metal- 
Insulator-Semiconductor  (MIS)  structure  and  the  MISFET  are  of 
particular  interest  because,  with  the  formation  of  charge  accumulation  and 
inversion  layers,  charge  can  be  injected  into  die  semiconductor  without  the 
need  for  chemical  doping.  Solitons  are  the  lowest  energy  electronic 
excitations  of  polyacetylene,  and  we  show  here  the  various  spectroscopic 
indications  that  the  active  charges  in  these  structures  have  the  character  of 
charged  solitons.  These  include  the  'mid-gap'  optical  transition  from 
soliton  level  to  the  band  edge,  the  'translation'  IR  active  modes,  and  the 
Raman  -active  amplitude  mode  of  the  soliton.  The  Raman  modes  lie  close 
to  the  amplitude  modes  of  the  dimerised  chain,  and  are  seen  here  for  the 
first  time  by  redoing  the  Raman  spectre  off  the  active  polyacetylene  layer 
in  the  MISFET  with  and  without  the  gate  voltage  present  These  various 
spectroscopic  measurements  also  allow  measurement  of  the  degree  of 
order  of  the  polymer  at  the  interface  with  the  insulator  layer,  and  we  find 
that  various  polymeric  insulators  give  improved  performance  over  that 
found  in  structures  with  silicon  dioxide  as  the  insulator  layer. 
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QIC.  4 

OPTICAL  PROPERTIES  OF  POLYACETYLENE  OLIGOMERS. 

H.  Schaffer  and  R.  R.  Chance,  Corporate  Research, 
Exxon  Research  and  Engineering  Co.,  Annandale,  NJ 
08801;  and  K.  Knoll,  R.  R.  Schrock  and  R.  Silbey, 
Chemistry  Department,  Massachusetts  Institute  of 
Technology,  Cambridge,  MA  02139. 

Polyacetylene  oligomers,  with  no  chain  substitu¬ 
tion  except  for  t-butyl  caps  at  either  end,  have 
been  prepared  and  isolated  with  the  number  of 
carbon-carbon  double  bonds,  n,  ranging  from  1  to 
13. 1  UV-vis  absorption  measurements  of  the 
all-trans  molecules  in  several  solvents,  as  well 
as  in  the  solid  state,  show  a  dependence  of  the 
lBu-lAg  transition  energy  on  environment  polariz¬ 
ability  that  can  be  largely  explained  with  a 
simple  classical  model.  The  Raman  scattering 
spectra  of  the  all-trans  species  as  well  as  the 
alternating  cis,  trans  molecules  have  been  mea¬ 
sured.  While  the  carbon-carbon  double  bond 
frequency  of  the  all-trans  species  decreases  with 
increasing  n,  the  single  bond  frequency  increases 
with  n  to  a  maximum  at  n=5  before  decreasing  for 
n>5,  perhaps  due  to  coupling  with  the  t-butyl  end 
groups.  At  large  n,  Raman  frequencies  and  absorp¬ 
tion  energies  vary  linearly  with  1/n.  Extrapola¬ 
tion  of  these  data,  Raman  and  UV-visible,  suggests 
that  the  familiar  samples  of  trans-polyacetylene 
have  conjugation  lengths  of  roughly  20-30  double 
bonds . 

1  K.  Knoll  and  R.  R.  Schrock,  J.  Amer.  Chem.  Soc. , 
in  press. 

Q10.5 

DECISIVE  STEPS  IN  THE  PRODUCTION  OF  HIGHLY 
CONDUCTING-CRYSTALLINE  POLYMERS. 

Nicolas  Theophilou* .Department  of  Chemistry , Univ . 
of  Pennsylvania, Philadelphia, PA  19104-6323. 

Different  new  catalyst  based  on  transition  metal 
compounds  of  groupsIVb, Vb, VIb  and  VUIb  combined 
with  a  reducing  agent:AlEt3  and  n-BuLi,were  used 
for  the  polymerization  of  acetylene .The  obtained 
new  pnlyacetylenes  were  characterized  by  SEM, STM, 
FTIR , 1 3c  NMR, WAXD  and  stretched  mechanically , then 
dop^jd  with  iodine,  to  the  highly  conducting  regime 
(10  -10  S/cm). The  ESR  studies  of  the  catalyst, in 
connection  with  the  polymerization  kinetics, are 
in  agreement  with  a  uniform  polymerization  reaction 
related  to  the  presence  of  one  active  species  in 
the  medium. By  introducing  some  additional  reducing 
agents, in  the  standard  catalyst  system! Ti ( OBu) , - 
Alfjt, -silicone  oil )  .conductivities  higher  than1* 

10  S7cm, after  stretch-alignment  and  iodine  doping 
of  the  polymer, were  reached! 1 ] .The  structure  and 
the  electronic, electrical .magnetic  and  optical 
properties  of  the  polymers  will  be  discussed. we 
report  also  here  a  new  technique, to  increase  the 
molecular  order .crystallinity  and  conductivity  of 
polyaniline[2J .Coherence  lengths  up  to  400A  were 
measured  by  WAXD  and  conductivities  two  orders  of 
magnitude  greater, than  previously  synthesized  poly¬ 
anilines  were  obtained. 

( 1 )N. Theophilou  and  H.Naarmann,Makrom.Chem. ,Makrom. 
Symp.24,1 1 5( 1989) ; Synth. Met. 22, 1(1987). 

I  2)N. Theophilou, S .Manohar .E.Scherr , US  Pat.Seril07/ 
306, 447, filed  02.02.1989. 

•Institute  for  polymers, 6  Phidiou, Athens  1 0678, GREECE. 

Q10.6 

PHOTOCONDUCT  JVE  RESPONSE  AND  INTERCHAIN 
INTERACTIONS  IN  HIGHLY  ORIENTED  POLY  ACETYLENE  JL 
Tubino  Istituto  di  Fisica  deH'Universua',  Via  Vienna  2,  Sassari 
and  Istituto  di  Chimica  delle  Macromolecole,  CNR,  Milano  Italy, 


G.  Dellepiane,  Universita'  di  Genova,  Italy  and  A.Walser,  R. 
Dorsinville,  R,  R.  Alfano,  Physics  and  Electrical  Engineering 
depts.  City  College  of  New  York  138th  St.  and  Convent  Ave. 
New  York,  New  York  10031; 

The  photoconductive  response  of  highly  oriented  fibrous 
polyacetylene  have  been  measured  using  a  continuous  wave 
laser  for  excitations  above  and  below  the  energy  gap  as  a 
function  of  temperature,  laser  polarization  and  direction  of  the 
current  flow.  The  cw  experimental  data  is  interpreted  using  a 
modified  Onsager  theory  for  carrier  photogeneration  and  their 
subsequent  motion  in  low-dimensional  lattices.  The  problem  of 
interchain  versus  intrachain  excitations  of  the  carriers  upon 
changing  the  laser  polarization  will  be  discussed  on  the  basis  of 
a  tight  binding  model  extended  to  include  the  effect  of  the 
electronic  coupling  between  adjacent  chains. 

The  research  at  CCNY  is  supported  in  part  by  NASA  and  NSF. 
Q10.7 

I JJC,  NUR  studies  of  highly  cesium  doped  POLYA cettlene 

p  Raehdi  P.  Bernier,  E.  Zniber 

Groupe  de  Dynemique  det  Phases  Condensed 

U  S  T  L  34060  Montpellier  Cedei.  France. 

We  report  on  '«Cs  NMR  results  of  chemically  highly  aoped  polyacetylene  Two 
resonance  lines  were  oDservefl,  corresponding  roughly  to  metallic  and  ionic 
Cs  states  The  metallic  one  is  strongly  shifted  from  the  standard  reference 
( 1 2000ppm  at  room  temperature)  and  has  an  unusual  temperature  dependence, 
consioeraDly  larger  than  in  tne  pure  metals  Such  a  behavior  is  observed  for  the 
first  time  in  conducting  polymers.  It  could  be  related  to  a  significant  density  of 
conduction  electrons  residing  on  the  dopant,  which  is  organized  in  channels 
between  the  host  lattice  polyacetylene  chains 

Relaxation  times  versus  temperature  measurements  on  the  Cs  nuclei  are  n 
progress  in  order  to  check  the  Korrmga  like  behavior. 

Q10.8 

REVERSIBLE  PHOTOPRODUCTION  OF  STABLE  CHARGED 
DEFECTS  IN  TRANS-POLY ACETYLENE  WITH  MID-BAND-GAP 
PHOTOLYSIS.  Carolyn  F.  Hoener.  Laboratory  of  Chemical 
Biodynamics,  Lawrence  Berkeley  Laboratory,  Berkeley,  CA  Present 
address:  Department  of  Chemistry,  University  of  Texas  at  Austin, 
Austin,  TX 

Photoprociuction  and  photodepletion  of  stable  charged  defects  in  rrans- 
polyacetylene  were  '  rerved,  at  low  temperatures,  by  monitoring  the  IR 
signature  of  these  deiects:  absorptions  at  1368,  1289,  640  cm-'  (1053, 
600  cm0  for  (CD),).  These  absorptions  could  be  observed  at  long 
limes  (two  to  several  hundred  minutes)  after  photolysis,  only  when  the 
sample  was  protected  from  photolysis  by  the  probe  beam,  by  blocking  v 
>  2,300  cm-1. 

The  location  of  these  absorptions  and  the  temperature  dependence  of 
their  intensities  were  similar  to  those  of  previously  observed 
photoinduced  defects  reported  to  have  much  shorter  lifetimes  (t  *  ms). 
The  stable  defects  reported  here  can  be  produced  at  much  lower 
photolysis  energies  (v  >  5,500  cm-’)  than  transient-photoinduced 
defects  (v  >  9,000  cm1)-  A  mechanism  for  the  photoproduction  of 
stable  defects,  involving  a  two-photon  process  catalyzed  by  existing 
neutral  defects,  is  proposed  to  explain  this  low  onset. 

The  slow  decay  of  these  defects  observed  when  the  sample  is  kept  in  the 
dark  is  attributed  to  photoinduced  depletion  by  blackbody  irradiation. 
This  process  was  stow  enough  to  allow  the  wavelength  dependence  of 
photodepletion  (observed  at  2,800  <  v  <  8,000  cm-1)  to  be  studied.  The 
photodepletion  was  fastest  near  4,500  cm-1,  suggesting  that  the  defects 
possess  an  electronic  absorption  (with  a  peak  near  4,500  cm-1)  similar 
to  that  observed  directly  for  the  transient-photoinduced  defects. 
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Q10.9 

CONDUCTING  AND  NONLINEAR  OPTICAL  POLYMERS  FROM 
DIETHYNYLSILANES  .  T .  J  .  Barton .  S  Ij  adi -Maghsoodi ,  Y. 
Pang,  J.  Shinar,  Q.-X.  Ni,  Ames  Laboracory/Iowa  State 
University,  Ames,  IA;  Z.  V.  Vardeny,  University  of  Utah, 
Salt  Lake  City,  UT;  S.  Grigoras,  Dow  Corning  Corporation, 
Midland,  MI. 

Catalytic  polymerization  of  diethynylsilanes  [RjSiCC^CH^l 
produces  polymers  of  molecular  weights  (Mu)  up  to  150,000 
(PD  ca.  2).  These  violet  or  blue  polymers  are  soluble  in  a 
variety  of  organic  solvents  and  are  easily  cast  into 
coherent  films.  Although  the  films  are  electrical 
insulators,  brief  exposure  to  Ij  vapor  affords 
conductivities  up  to  0.1  S/cm.  The  undoped  films  are 
photoconducting  and  light  -  induced  ESR  (LESR)  has  been 
measured  as  well  as  the  ODNMR. 

Spectroscopic  studies  reveal  that  both  Ij-doping  and  steady- 
stace  photomodulation  produce  bipolarons.  The  effective  e-e 
interaction  energy  (Ufie-)  is  ca-  0.8  eV  and  Eg  ca.  2  eV. 
Photobleaching  recovery  at  2  eV,  measured  with  75  fsec 
resolution,  is  almost  one  order  of  magnitude  faster  than 
ever  reported  for  a  conducting  polymer 

Structural  proposals  for  these  novel  polyacetylenes  will  be 

1  13  29 

discussed  in  the  context  of  H,  C- ,  and  Si-NMR,  resonant 
Raman  scattering,  and  ab  initio  and  molecular  dynamics 
calculations . 

Q10.10 

THERMALLY  ACTIVATED  CHARGE  HOPPING  TRANS¬ 
PORT  STUDIES  IN  A  L-CONJUGAT  ED  POLYMER 
L  Samuel  and  P.N.  Sanda  IBM  T.. I  Watson  Research,  Yorktown 
Heights,  NY  and  R.D.  Miller  and  D.  Thompson  IBM  Almadcn 
Research,  San  .lose,  CA. 

The  rr-conjugaicd  polysitancs  have  recently  elicited  much  scientific 
interest,  due  to  their  novel  properties  and  technological  applica¬ 
tions.  They  arc  composed  of  n-bonded  Si  atoms  along  the  backbone 
and  two  organic  side  groups  attached  to  each  Si  atom.  The  charge 
transport  properties  of  the  polymers,  as  well  as  other  physical 
properties,  arc  strongly  dependent  on  the  nature  of  these  groups. 
Charge  transport  in  polysilancs  is  believed  to  involve  fast  transport 
along  the  Si  chains  and  hopping  transport  between  chains.  Time 
of  flight  (TOF)  spectroscopy  and  thermally  stimulated  current 
(TSC)  measurements  were  performed  in  poly(mcthylphcnylsilanc), 
poly(p-methoxyphenylcthylsilanc)  and  poly(cthylphcnylsiianc)  to 
study  the  influence  of  the  substituent  side  groups  on  the  hopping 
transport.  The  method  of  TSC,  which  is  commonly  used  to  study 
traps,  was  shown  to  be  applicable  for  studying  the  bulk  hopping 
transport,  and  its  results  were  consistent  with  those  obtained  by 
TOF.  The  activation  energies  assigned  to  hopping  transport  ranged 
between  0.l-0.3cV  and  were  dependent  on  the  applied  electric  field. 
The  nature  of  the  field  dependence  of  the  activation  energy  varied 
with  the  substituents.  A  weil  defined  peak  was  observed  in  the  TSC 
spectra.  The  peak  temperature,  which  was  dependent  both  on  the 
electric  field  and  the  heating  rate,  ranged  between  I00K-I50K. 
When  the  samples  were  exposed  to  a  high  dose  of  UV  radiation,  a 
secondary  peak  at  ~I80K  was  observed,  which  was  correlated  with 
surface  defect  sites  induced  by  the  UV  radiation. 

Q10.ll 

FREE  CARRIER  BAND  GAP  IN  POLY(PHENYL  METHYL 
SILANE).  R  G  Keeler  and  J.  M.  Zeigler.  Sandia  National 
Laboratories,  Albuquerque,  NM  87185. 


Polysilanes  are  a  new  class  of  polymers  which  have  recently 
been  found  to  exhibit  interesting  and  potentially  very  useful 
electronic  properties.  Some  are  excellent  photoconductors 
and  large  nonlinear  optical  coefficients  have  been  observed. 
These  materials  are  of  particular  interest  because  their  unusual 
properties  are  derived  from  o  electrons  delocalized  along  the 
Si-Si  backbone  rather  than  from  n  electrons  as  in  all  the  other 
intensely  studied  electronic  polymers. 

In  earlier  work  on  of  photoconductivity  in  polyfphenyl  methyl 
silane)  we  showed  that  hole  transport  is  non-dispersive  with  a 

mobility  of  about  I0"4cm2/Vs  at  23°C  and  that  electron 
transport  cannot  be  observed.  We  also  found  that  in  the  vicinity 
of  the  optical  gap  (about  3.5  eV)  carrier  generation  by  light 
involves  the  initial  generation  of  excitons  followed  by  the 
interaction  of  some  of  the  excitons  with  the  surface.  We  have 
now  extended  our  carrier  generation  experiments  to  photon 
energies  of  5.5  eV  and  see  a  large  increase  in  the  quantum 
efficiency  for  charge  carrier  generation  beginning  at  about 
4.6eV,  indicative  of  a  free  carrier  band-gap  of  that  magnitude. 

We  have  been  unable  to  observe  carrier  generation  by  two 
photon  transitions,  by  exciton-exciton  annihilation  or  by  exciton 
photoionization  but  we  have  observed  free  holes  generated 
uniformly  throughout  the  sample  by  x-rays. 

<210.12 

ESR  STUDIES  OF  CHARGE  TRANSPORT  AND  CARRIER 
DENSITY  IN  L-CONJUGATED  POLYMER  SYSTEMS  J  T. 
Rilev  and  S.  A.  lanscn.  Temple  Ur  ,-rsity,  Philadelphia.  PA  and 
Pin  N.  Sanda,  IBM  T.  .1.  Watson  Research  Center.  Yorktown 
Heights,  NY 

Irradiation  of  a  homologous  series  of  substituted  polysilancs 
produces  a  magnetic  state  characterized  by  a  single  narrow  ESR 
spectral  envelope.  This  signal  is  associated  with  an  activated  mag¬ 
netic  state.  The  activation  energy  for  each  polymer  in  the  scries  is 
reported  and  discussed  in  terms  of  the  electronic  structure.  In  ad¬ 
dition,  the  spin  density  which  is  expected  to  be  related  to  carrier 
density  has  been  determined  as  a  function  of  UV  irradiation  lime. 
A  kinetic  study  of  the  photodegradation  of  each  polymer  will  also 
be  presented. 

Q10.13 

THE  DOPING  OF  POLY-p-PHENYLENE  SULFIDE  AND  ITS  OLI¬ 
GOMERS:  A  SPECTROSCOPICAL  STUDY.  P.Piaggio, 

C.Cuniberti,  G.Dellepiane 

Istituto  di  Chimica  Industriale,  Universita  di  Ge¬ 
nova,  Corso  Europa  30,  1-16132  Genova,  Italy, 

Since  the  ultimate  goal  of  research  on  conducting 
polymers  is  a  combination  of  the  mechanical  proper¬ 
ties  of  polymers  with  the  electronic  characteris¬ 
tics  of  metals,  the  class  of  sulfur-containing  po¬ 
lymers,  which  is  very  attractive  in  this  respect, 
is  now  receiving  due  attention.  Poly-p-pnenylene 
sulfide  ( PPS )  is  one  of  tne  polymers  of  this  class 
which  shows  such  interesting  properties. 

Contradictory  interpretations  of  the  spectroscopic 
features  of  PPS  doped  with  different  agents  and  at 
different  doping  levels  may  be  found  in  the  litera¬ 
ture. 

Purpose  of  this  work  is  to  attempt  a  rationaliza¬ 
tion  of  the  existing  interpretations  by  studying 
the  electronic  and  vibrational  spectra  of  doped  PPS 
compared  with  those  of  its  oligomers.  The  experi¬ 
mental  data  obtained  with  different  sample  morpho- 
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logies,  different  doping  and  dopant's  nature  will 
be  presented  and  discussed.  The  time  evolution  of 
the  spectral  features  after  doping  will  also  be 
analized. 

For  the  understanding  of  the  vibrational  spectra 
after  doping  advantage  will  be  taken  from  the  vi¬ 
brational  assignment  of  pristine  PPS  and  its  oligo¬ 
mers  recently  proposed  by  the  authors. 

Qll.l 

THE  DYNAMICS  OF  SPIN  DENSITY  WAVES .  George  Crtiner, 
University  of  Caliiornia,  Los  Angeles,  Dept,  of  Physics, 

405  Hilgard  Avenue,  Los  Angeles,  CA.  90024. 

While  the  dynamical  response  of  superconducting  and  charge 
density  wave  ground  states  is  well  understood,  relatively 
little  is  known  about  the  dynamical  behavior  of  spin  den¬ 
sity  wave  ground  states.  I  will  review  the  current  status 
of  the  field  by  focussing  on  frequency  dependent  transport 
studies^  in  tne  model  compounds  (TMISF)2X  with  X  «  PFg, 

NO3  and  CiOr,.  The  observations  are  suggestive  for  a 
collective  mode  dynamics  with  effective  mass  and  relaxa¬ 
tion  time  close  to  the  single  particle  mass  and  relaxation 
time  observed  in  the  metallic  state,  above  the  spin  density 
wave  transition.  Pinning  effects  nave  been  established 
through  studies  of  alloys,  and  the  experiments  will  also 
be  related  to  observations2  on  nonlinear  transport  in  these 
materials. 

^G.  Griiner,  Pnysica  B  +  C  tto  be  published). 

J.  Carini,  W.P.Beyermann,  T.w.  Kim,  and  G.  GrUner, 
tto  be  published). 

2S.  Tomic,  et  al.,  Phys.  Rev.  Lett.  62,  462  (1989). 

Q11.2 

BiDIMENTIONNAL  CRITICAL  BEHAVIOUR  AND  COMPETITION 
BETV'EEN  ORDER  PARAMETERS  IN  THE  ORGANIC  METAL 
(TM"'SF)2CI04.  p.  GarQChfi.  F.  Pesty,  M.  Heritier, 
Laboratoire  de  Physique  des  Solides,  University  de 
Paris-  Sud,  91405  Orsay,  FRANCE. 

In  low  dimensionnal  conductors,  the  instability  of  the 
metallic  state  can  lead  to  the  formation  at  low 
temperature  of  a  spin  density  wave  state  (S.D.W.) 
induced  by  the  magnetic  field.  The  critical  behavior  of 
the  transition  related  to  this  metal  insulator  transition 
has  been  investigated  by  the  measurement  of  both  the 
specific  heat  and  the  thermal  conductance  in  a  fixed 
magnetic  field.  Above  the  second  order  phase  transition, 
we  observe  a  deviation  from  the  mean  field  behavior 
whose  temperature  dependance  is  clearly  associated 
with  bidimensionnal  gaussian  fluctuations.  At  the 
partiel  reentrance  pof-it  Ter  between  S.D.W.  subphases 
the  specific  heat  displays  a  complex  shape.  Below  Ter  it 
results  simply  from  the  vinicity  of  the  two  transition 
lines  but  just  above  Ter  the  competition  between  order 
parameters  leads  to  the  formation  of  a  non  mean  field 
specific  heat  anomaly.  At  the  transition  the  thermal 
conduction  along  the  less  conducting  axis  c  displays  also 
a  singularity,  that  is  strongly  reduced  at  the  reentrance 
point.  These  two  dimensionnal  behaviors  are  analyzed  in 
the  framework  of  the  quantized  nesting  model. 


Physics  Dept.,  Boston  University,  Boston  MA  02215. 

The  magnetic  field  induced  spin  density  wave  (FISDW)  phases  of  the 
(TMTSP)jX  family  of  organic  charge  transfer  salts  continue  to  be  the 
subject  of  active  experimental  and  theoretical  interest.  The  discovery 
of  a  re-entrant  phase  boundary  from  a  spin  density  wave  state  to  a 
metallic  state  has  further  stimulated  this  interest.1  Although  for  X 
=  CIO,  the  material  is  a  superconductor  below  1.3K,  the  material 
with  X  —  PF(  requires  hydrostatic  pressure  in  excess  of  6  kbar  to 
suppress  a  low  temperature  spin  density  wave  state  in  favor  of  metallic 
/  superconducting  behavior.  Indeed  the  role  of  the  anion  symmetry 
and  ordering  in  the  superconductivity  and  FISDW  states  is  not  yet 
fully  understood,  and  complementary  measurements  in  both  materials 
are  needed  to  resolve  the  problem. 

This  talk  will  focus  on  two  relevant  sets  of  measurements:  1)  Recent 
specific  heat  measurements  on  (TMTSF^CIO,  at  low  temperatures 
and  high  magnetic  fields  (to  30  T)  which  yield  a  thermodynamic  mea¬ 
surement  of  the  re-entrant  phase  line,  and  show  in  addition  the  con¬ 
tribution  of  the  so-called  rapid  oscillations  to  the  specific  heat  in  the 
region  of  the  re-entrant  phase  line.  2)  Magnetoresistance  and  Hall 
effect  measurements  on  (TMTSF)jPFs  which  reveal  striking  integer 
Hall  effect  behavior  in  the  FISDW  state. 

These  new  results  will  be  discussed  in  light  of  recent  theoretical  work 
on  the  FISDW  and  re-entrant  transitions. 

*  The  author  wishes  to  acknowledge  N.A.  Fortune,  S.T.  Hannahs, 
M.J.  Graf,  P.M.  Chaikin,  L.Y.  Chiang,  G.  Montambaux,  and  J.  Peren- 
boom  in  connection  with  various  aspects  of  this  work. 

1.  See  G.  Montambaux  et  al.  ,  Phys.  Rev.  B.,  39  885(1989)and  ref¬ 
erences  therein  for  a  recent  synopsis  of  this  subject. 

Q11.4 

HIGH  FIELD  MAGNETIZATION  STEPS  AT  THE  REENTRANT 
METAL  TO  SPIN  DENSITY  WAVE  LINE  IN  (TMTSF)jClO^. 
M.J.  Ha ugh  ton ,  State  Univ.  of  N.Y.  at  Buffalo; 
R.V. Chamberlin,  Arizona  State  Unlv.; 

P.M.  Chaikin,  Princeton  Unlv.  and  Exxon  Research; 
L.Y.  Chiang,  Exxon  Research. 

The  magnetic  field-induced  spin  density  wave  In 
the  quasi-tvo  dimensional  conductor  (TMTSFljClO^ 
has  been  shown  from  m agne t o r e s 1 s t an c e  and  Hall 
effect  to  be  confined  to  fields  between  4T  and  27T 
at  0 . 5  K ,  with  a  low  field  metallic  state 
reappearing  at  higher  fields. [1]  Previous  magnetic 
measurements,  (2]  whlleclearly  detecting  theFISDV 
phases,  have  not  shown  this  reentrance.  Here,  we 
present  measurements  of  the  magnetization  M(H,T) 
In  two  samples  of  the  title  compound  to  3  0  T  and 
0.5K,  where  we  show  the  first  thermodynamic 
evidence  of  this  unusual  phase  transition. 

Two  features  are  observed  in  M(H)  at  T-0.5K,  in 
addition  to  the  usual  cascade  of  FISDW  phases:  a 
slight  diamagnetic  Increase  at  B-24T,  followed  by 
a  sharp  collapse  toward  M-0  at  B—26T.  At  even 
higher  fields,  dHvA-type  oscillations  appear.  The 
temperature  dependence  of  these  steps  Is  identical 
to  that  determined  as  the  reentrant  line  from 
resistance  measurements.  An  analysis  of  the 
integrated  energy  E- -  MdH  Is  consistent  with  a 
metallic  ground  state  at  the  highest  fields.  The 
observation  of  two  steps  rather  than  one  Indicate 
a  more  complicated  behavior  than  previously 
anticipated,  and  may  assist  In  the  understanding 
of  this  perplexing  reentrant  phenomenon. 

1 .  M . J . Naughton ,  et  al.  Phys . Rev . Let t . 62 , 969  (1989) 

2.  R.V. Chamberlin,  etal. Phys. Rev. Lett. 61, 1189(1988) 

Q11.5 

A  NEW  THEORETICAL  MODEL  FOR  THE  SPIN  DENSITY 
WAVE  TRANSITIONS  IN  ORGANIC  CHARGE  TRANSFER 
SOLIDS.  E.  Y.  Loh.  Jr.  and  David  K.  Campbell.  Los  Alamos 
National  Laboratory,  Los  Alamos,  NM  87545;  and  Sumit  Mazumdar, 
Physics  Department.  University  of  Arizona.  Tucson.  AZ  85721. 


Q11.3 

HIGH  MAGNETIC  FIELD  PHASES  OF  THE  (TMTSF)jX  (X  = 
C104,  PF.)  CHARGE  TRANSFER  COMPLEXES.  James  S.  Brooks. 
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It  has  previously  been  shown  that  the  one-dimensional  extended 
Hubbard  model,  in  which  the  nearest-neighbor  Coulomb  repulsion 
between  fermions  is  explicitly  included,  is  the  only  theoretical  model 
that  can  explain  the  high  temperature  behavior  of  the  complete 
family  of  organic  charge-transfer  solids.  It  is  now  shown  that  an 
anisotropic  two-dimensional  version  of  the  same  model  can  explain 
the  transitions  to  the  spin  density  wave  (SDW)  phases  in  the  TMTSF 
and  TMTTF  salts.  We  consider  simultaneously  (a)  the  pressure- 
induced  spin-Peierls  to  SDW  transition  in  TMTTF  sails,  (b)  the 
magnetic-field-induced  SDW  transitions  (FISDW)  in  the  TMTSF  salts, 
and  (c)  the  absence  of  the  SDW  in  the  BEDT-TTF  salts,  and  show 
that  all  of  the  above  features  can  be  explained  within  the  same 
model.  We  use  numerical  techniques  to  examine  the  roles  played 
by  Coulomb  interactions,  bandfilling  and  anisotropy  within  the  two- 
dimensional  layer  in  detail,  and  show  that  the  three  distinct  kinds  of 
behavior  in  the  three  families  of  materials  are  expected  within  a 
quarter-filled  extended  Hubbard  Hamiltonian  with  varying 
anisotropies.  The  highly  specific  role  of  the  bandfiliing  is  absent  in 
previous  mean-field  theories.  A  new  interpretation  of  the  very  high 
field  transition  (VHFT)  in  (TMTSF)} CIO*  is  given,  and  comparisons 
to  experiments  are  made. 

Q11.6 

SOUND  PROPAGATION  IN  CDW  AND  SDW  Attila  Virosziek,  University  of 
Virginia.  Charlottesville,  VA;  and  Kazumi  Maki.  University  of  Southern  Cali¬ 
fornia,  Los  Angeles,  CA. 

Making  use  of  a  quasi-one  dimensional  Frbhlich  (or  Hubbard)  model,  vve  study 
the  sound  propagation  in  a  CDW  (or  SDW),  within  mean  field  theory.  We 
include  the  quasi-particle  damping  in  terms  of  randomly  distributed  impurities. 

In  general  in  a  CDW  (or  SDW)  ionic  potential  is  screened  by  the  quasi-particle 
and  the  phason  However,  when  the  CDW  (or  SDW)  is  pinned  the  pliason  can 
not  participate  in  the  screening.  Therefore  in  general  the  deputising  of  the  CDW 
(or  SDW)  by  an  electric  field  decreases  the  souud  velocity  (as  well  as  the  elastic 
constants  as  observed)  Further,  due  to  the  diffusion  pole  in  the  density-density 
correlation  function,  the  quasi-particle  contribution  depends  strongly  on  u/Dq-. 
When  w /  Dq-  <<  1,  the  quasi-particle  contribution  is  as  important  as  in  the 
collisionless  limit1  and  the  sound  velocity  iucreases  in  a  CDW  (or  SDW)  when 
the  CDW  is  pinned,  since  the  quasi-particles  decrease  rapidly  in  a  CDW.  On 
the  other  hand  when  w/Dq3  >>  1,  the  contribution  of  the  quasi-particles  is 
always  negligible. 

1.  K.  Maki  and  A.  Virosztek,  Phys.  Rev.  B  3G,  2910  (1987) 

Q11.7 

SOUND  VELOCITY  STUDIESOF  THE  BECHGAARD  SALTS 
( TMTSF), CIO ,  and  (TMTSF)qPFs  X-D.  Shi13.  P.  M.  Chaikin3-3, 

L.  Y.  Chiang3  and  R.  Upasani3,3,  'University  of  Pennsylvania,  3Princeton 
University,  3Exxon  Research 

We  have  used  a  vibrating  reed  technique  to  measure  the  sound  ve¬ 
locity  and  attenuation  in  the  Bechgaard  salts  through  a  number  of 
transitions.  In  the  CIO <  salt  the  flexural  and  torsional  modes  have 
been  used  to  observe  changes  in  Young’s  and  shear  moduli  through 
the  anion  ordering  at  24  K,  the  superconducting  transition  at  1.4K 
and  the  Field  Induced  Spin  Density  Wave  Transitions  at  tempera¬ 
tures  down  to  0.5K  and  fields  to  10  Tesla.  The  FISDW  transitions 
are  seen  as  sharp  increases  in  the  moduli  as  carriers  are  progressively 
lost  in  higher  field.  In  the  PFt  salt  the  ambient  field  spin  density 
wave  transition  is  studied. 

Q11.8 

SOUND  VELOCITY  MEASUREMENTS  IN  (TMTTF)  X  (X  -  ReO  ,  SbF  ) 
SALTS.  S.E.  Brown,  H.H.S.  Javadi,  Los  Alamos  National 
Laboratory,  Los  Alamos,  New  Mexico,  87545,  and  R. 

Laversanne,  Centre  de  Recherche  Paul  Pascal,  CNRS,  Domaine 
Unlversltalre  de  Bordeaux  I,  33405  TALENCE  CEDEX  FRANCE. 

The  TMTTF  salts  can  undergo  several  types  of  transitions, 
Including  anion  ordering  at  higher  temperatures  and  a 
magnetic  (Spin-Density  Wave  or  Spln-Pelerls)  transition  st 
lower  temperatures.  Also  of  Interest  is  the  eo-celled 

"structureless"  transition  for  X  -  ReO, ,  SbF* ,  end  AsF, . 
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We  have  performed  Young's  Modulus  measurements  for  X  -  ReO^ 
and  SbF,  using  the  vibrating  reed  technique.  Below  the 
structureless  transition,  the  rate  of  stiffening  increases 
substantially.  We  interpret  the  results  in  terms  of  a 
decrease  in  the  density  of  states  and  in  that  simple  model 
extract  estimates  for  the  electron-phonon  coupling  constant 
X.  In  the  case  of  X  -  ReO  ,  X  fc  0.04,  whereas  for  X  -  SbF6, 
X  -  0.02. 

Softening  was  observed  at  the  transition  in  both  cases, 
although  It  was  ouch  larger  for  (TMTTF)jReO^ .  The  results 
are  the  first  demonstration  of  phonon  Involvement  In  these 
transitions . 

Q11.9 

QUANTUM  HALL  EFFECT  AND  RAPID  OSCILLATIONS  IN 
( TMTSF)iPF6  UNDER  PRESSURE.  S.  Hannahs1,  J.  Brooks1, 
W.  Kang3,  P.  Chaikin3,3,  L.  Chiang3, \ and  R.  Upasani3,3,  'Boston  Uni¬ 
versity,  3Princeton  University  and  3Exxon  Research 

We  present  magnetotransport  data  and  the  phase  diagram  derived 
from  them  for  {TMTSF)qPFi  under  sufficient  pressure  that  the  zero 
field  SDW  is  suppressed  and  the  material  is  superconducting.  Ap¬ 
plication  of  a  large  magnetic  field  perpendicular  to  the  conducting 
plane  then  leads  to  the  cascade  of  Field  Induced  Spin  Density  Wave 
transitions.  The  transitions  are  in  good  agreement  with  the  Standard 
model  for  these  transitions  and  in  contrast  to  the  more  complicated 
behavior  seen  in  the  C104  salt.  In  addition  Hall  and  longitudinal 
resistivity  indicates  a  behavior  much  closer  to  that  observed  in  con¬ 
ventional  Quantum  Hall  devices  than  in  the  CIOt  salt  or  previous 
studies  of  PF&.  We  do  observe  the  “rapid”  SdH  like  oscillations  in 
magnetoresistance  at  high  field  similar  to  those  seen  in  C70« ,  even 
though  in  the  present  case  there  is  no  evidence  for  anion  ordering  as 
some  theories  would  require.  The  frequency  of  these  oscillations  is 
correlated  with  the  characteristic  fields  for  the  FISDW’s  and  with  the 
superconducting  Tc  at  different  pressures. 

Q11.10 

LOW  TEMPERATURE  ORIENTATIONAL  DEPENDENCE  OF  THE 
MACNETORES ISTANCE  IN  ( T M TS F) j C 1 04  :  A  SEARCH  FOR 
MAGIC  ANCLES.  M.J.  Naughton  and  O.H.  Chung,  State 
Univ.  of  N.Y.  at  Buffalo;  J.S.  Brooks,  Boston 
Untv.;  P.M.  Chaikin,  Princeton  Unlv.  and  Exxon 
P.esearch;  L.Y.  Chiang,  Exxon  Research. 

Lebed(l)  has  calculated  that  the  anisotropic 
organic  metals  (THTSFJjX,  which  undergo  SDW 
ordering  for  magnetic  fields  greater  than  a  few 
tesla  oriented  along  the  least  conducting  c*-axlt, 
should  exhibit  anomalous  features  for  field 
directions  away  from  this  axis.  In  particular,  he 
predicts  a  reduction  in  the  FISDW  threshold  field 
when  B  is  aligned  at  certain  'magic  angles'  to 
the  c*-axls,  resulting  from  local  commensurabl 1 1 ty 
between  an  electron’s  periodic  motion  in  the  b* 
and  c*  directions. 

We  have  measured  the  low  temperature 
D a gne t o r e s  1  s t anc e  to  8T  in  the  X-C104  salt  as  a 
continuous  function  of  the  orientation  of  c*  with 
respect  to  B.  At  T-70mK,  we  observe  from  both 
angle  and  field  aweeps  the  usual  FISDW  states, 
with  the  exception  of  one  feature.  The  angular 
dependence  shows  a  single  resistance  oscillation 
centered  about  halfway  between  c*  and  b'.  A 
similar  anomaly  has  been  seen  previously  by  us  and 
by  Boebingsr  st  si. [2)  st  higher  temperatures  and 
comparable  orientation.  We  observe  this 
oscillation  to  persist  at  fields  below  the  known 
threehold  field  for  the  FISDW  states  (3-4T),  which 
suggests  either  an  origin  Independent  of  FISDW,  or 
poesibly  the  anomaly  proposed  by  Lebed. 

1.  A . C .  Lebed,  J.E.T.P.  Lett.,  4  3,  174  (1986). 

2.  C.S,  Boebinger,  et  alia  (preprint). 
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Q12.1 

OBSERVATION  OF  NONLINEAR  OPTICAL  TRANSMISSION  AND 
SWITCHING  PHENOMENA  IN  POLYDIACETYLENE-BASED 
DIRECTIONAL  COUPLER  DEVICES.  Paul  D  Townsend  J.  L. 
Jacket,  Gregory  L.  Baker,  J.  A.  Shelburne  and  S.  Etemad, 
Bellcore,  331  Newman  Springs  Road,  Red  Bank,  NJ  07701. 


The  large  magnitude  and  ultrafast  response  of  the 
electronic  in  polydiacetylenes  makes  them 

potentially  attractive  materials  for  applications  in 
nonlinear  optics.  In  particular,  it  may  be  possible  to 
fabricate  fast  all-optical  devices  which  require  only 
relatively  low  threshold  powers  for  switching.  We 
developed  techniques  for  fabricating  directional  coupler 
waveguide  structures  in  thin  films  of  soluble 
polydiacetylenes  with  the  intention  of  evaluating  the 
performance  of  the  polymers  in  a  prototype  all-optical 
device  format.  A  variety  of  nonlinear  transmission  and 
switching  phenomena  were  observed  in  these  devices, 
including  slow  thermal  effects  and  ultrafast 
(picosecond)  electronic  effects.  At  1.06pm  the  uitrafast 
electronic  nonlinear  phenomena  were  found  to  originate 
from  intensity  dependent  changes  in  the  imaginary  part 
of  the  refractive  index  due  to  two-photon  absorption 
effects.  Recent  measurements  carried  out  at  an 
operating  wavelength  of  1.3pm  will  also  be  reported. 
Q12.2 

POLYD1ACETYIENE  SIDE  CHAINS  AND  ELECTRONIC  STRUCTURE  AND 
PROCESSES,  paniel  J.  Sandman.  GTE  Laboratories,  Incorporated,  40 
Sylvan  Road.  Wallham.  MA  02254 


The  polydiacetylenes  (PDA),  a  class  ol  polymers  whose  main  chain 
involves  completely  conjugated  segments  manifested  by  intense 
visible  absorption,  have  a  fully  crystalline  character  assured  by 
their  synthesis  involving  topochemical  and  topotactic  solid  stale 
polymerization  resulting  in  macroscopic  single  crystal  experimental 
samples.  The  observed  thermal,  electronic,  optical,  and  magnetic 
properties  of  PDA  are  a  sensitive  function  of  the  side  chains  present 
and  specific  side  chain  processes. 


PDA  have  the  largest  value  of  the  degenerate  third  order 
susceptibility  (  X,3'<u)  of  any  material  in  the  transparent  spectral 
region  where  the  temporal  response  is  in  the  femtosecond  regime.  In 
the  interest  of  enhancing  (  x*3)a>)  in  PDA,  the  crystal  structure- 
linear  spectrum  relationship  is  discussed.  With  particular 
reference  to  the  situation  where  the  observed  solid  stale  spectrum  of 
a  PDA  shifts  to  higher  energy,  evidence  is  presented  which  indicates 
that  this  spectral  shift  is  associated  with  a  change  in  the  local 
crystallographic  environment  (side  chain)  without  a  change  in  main 
chain  conformation. 


Q12.3 

INVESTIGATIONS  OF  A  NEW  REVERSIBLE  STRAIN  INDUCED 
CHROMIC  TRANSITION  IN  POLYDIACETYLENE  ELASTOMERS. 
M  F  Rnhner.  R.  Agrawal  and  H.  Beckham,  Department  of  Materials 
Science  and  Engineering,  MIT,  Cambridge,  MA  02139. 


In-situ  visible  dichroism/tensile  elongation  studies  of  segmented 
polyurethanes  containing  conjugated  polydiacetylene  chains  within  their 


hard  segment  domains  have  revealed  a  new  reversible  mechanochromic 
transition  that  manifests  itself  as  a  color  change  from  blue  to  yellow  during 
tensile  elongation.  This  unusual  strain  induced  transition,  found  in  an 
elastomer  whose  hard  segment  structure  is  derived  from  hexamethylene 
diisocyanate  and  5,7-dodecadiyne-l,12  diol,  closely  resembles  the 
thermochromic  transition  also  exhibited  by  this  same  material.  The  color 
change  and  the  associated  shift  in  the  position  of  the  polydiacetylene 
absorption  band  to  higher  energies  is  not  simply  an  order-disorder  transition 
but  reflects  a  strain  induced  reorganization  of  the  hard  domain  structure.  It 
has  been  found  that  this  blue  to  yellow  transition  is  reversible  as  long  as  the 
material  is  not  strained  beyond  about  350%. 

Dichroism  studies  indicate  that  the  hard  segments  of  the  copolymer  orient 
perpendicular  to  the  stretch  direction  during  the  initial  stages  of  deformation. 
Such  an  orientation  aligns  the  conjugated  polydiacetylene  chains  along  the 
stretch  direction  thereby  producing  a  highly  dichroic  material.  The  level  of 
residual  orientation  remaining  after  the  material  is  relaxed  back  to  its 
unstressed  state  depends  strongly  on  the  soft  segment  content  of  the 
copolymer.  This  represents  the  first  reversible,  mechanically  induced 
chromic  transition  in  a  cross-polymerized  diacetylene  containing  polymer. 

Q12.4 

SYNTHESIS  AND  PROPERTIES  OF  A  FULLY  CONJUGATED 
POLYDI ACETYLENE :  POLY ( 1 , 4-BIS ( 3-QUINOLYL ) -1 , 3- 

BUTADIYNE.  Satya  S .  Talwar  and  M.Kamath, 
Department  of  CEemistry  Indian  Institute  of 
Technology,  Powai,  Bombay  India  400  076 

Optical  and  electronic  properties  of 
polydiacetylenes  (PDA)  have  attracted  much 
attention.  Some  of  the  recent  interest  in  PDA's  is 
related  to  their  large  and  fast  non-linear  optical 
response,  making  them  good  candidates  for 
potential  applications  in  ultrafast  optical  signal 
processing.  Although  the  electronic  and  optical 
properties  of  PDA's  are  primarily  dominated  by  the 
n-conjugated  backbone,  the  substituient  groups 
markedly  influence  the  physical  properties  of 
polydlacetylenes .  An  aspect  of  the  substituent 
effect  that  has  remained  under  explored  is  the 
influence  of  formally  n-conjugated  substituents  on 
the  electronic  properties  of  PDA’s.  Modification 
of  the  electronic  and  optical  properties  of  PDA's 
with  conjugating  substituents  may  be  expected 
through  expansion  of  conjugation.  Recent  reports 
on  conductivity  of  doped  polytbislm- 
acetamidophenyl )butadiyne )  and  spectral  properties 
of  1 — ( N  carbazolyl )pent-l ,3-diyn-3-ol  suggest  such 
extension  of  conjugation.  In  this  connection  we 
report  the  synthesis  of  a  fully  conjugated 
polydiacetylene  poly(  1,4-  bis( 3-quinolyl )-l ,3- 
butadiyne ) ( Poly  DQ).  Results  of  our  studies  on  the 
optical  spectra  and  electrical  conductivity  of 
poly  DQ  will  be  presented.  The  long  wavelength 
absorption  in  the  PDA  suggests  extension  of 
conjugation  through  backbone  -  side  group 
interaction. 

Q12.5 

ORGANIC  POLYMER  SEMICONDUCTOR  SUPERLATTICES. 
Samson  A.  Jenekhe  and  Wen-Chang  Chen,  Department 
of  Chemical  Engineering,  University  of  Rochester, 
Rochester,  New  York  14627. 

We  report  the  synthesis  and  study  of  the  first  organic 
polymer  semiconductor  superlattices  and  observation 
of  the  predicted  quantum  size  effects  in  the 
electronic  and  optical  properties  of  such  quasi  one¬ 
dimensional  semiconductor  heterostructures.  The 
organic  semiconductor  superlattices  were  designed  as 
periodic  multiblock  conjugated  copolymers  (AxBy)m, 
where  A  and  B  blocks  have  different  band  gaps.  The 
optical  properties  were  investigated  as  a  function  of 
the  copolymer  block  length  that  allowed  variation  of 
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the  superlattice  period.  Effects  of  a  randomly  variable 
periodicity  was  studied  by  synthesis  of  random  multi¬ 
block  conjugated  copolymers.  It  will  be  shown  that 
quantum  well  and  superlattice  heterostructures 
provide  a  rational  and  systematic  approach  to  the 
molecular  engineering  of  electronic,  electro-optical, 
optical,  and  nonlinear  optical  properties  in  polymers. 

Q12.6 

LARGE  THIRD-ORDER  NONLINEAR  OPTICAL  PROPERTIES  OF 
ORGANIC  POLYMER  SEMICONDUCTOR  SUPERLATTICES.  Samson 
A. .  Jenekhe  and  Wen- Chang  Chen,  Department  of  Chemical 
Engineering,  University  of  Rochester,  Rochester.  New 
York  14627;  S.  K.  Lo ,  Honeywell  Systems  and  Research 
Center,  Minneapolis,  MN;  and  Steven  R.  Flom, 
Department  of  Chemistry,  University  of  Minnesota, 
Minneapolis,  MN. 


We  report  an  extensive  study  of  the  third-order 
nonlinear  optical  properties  of  a  series  of  recently 
prepared  organic  polymer  semiconductor  superlattices 
using  time  and  polarization  dependent  degenerate  four 

(3) 

wave  mixing.  At  532  nm,  the  picosecond  Y  and  v 

r  'xxxx  Axxxx 
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were  as  large  as  1.60x10  esu  and  2.73x10  esu, 

respectively.  At  568  nm,  the  nanosecond  7  and 
J  xxxx 

(3)  -28  -6 

*xxxx  were  as  ^ar8e  as  1.80x10"  esu  and  2.42x10  esu, 

respectively.  These  are  the  largest  third-order 
optical  nonlinearities  yet  reported  for  any  conjugated 
polymer.  Important  experimental  trends  in  the 
structure-optical  nonlinearity  relationships  will  be 
described. 

Q12.7 

A  COUPLED  INVESTIGATION  OF  QUADRATIC  AND 
CUBIC  NONLINEAR  OPTICAL  PROCESSES  IN 
EXTENDED  CHARGE  TRANSFER  POLYENES 
M.  Barzoukas',  M.  Blanchard-Desce”, 

F.  KajzaT".  J.M.  Lehn",  A.  Messier”, 

C.  Sentein”,  LZiSS'-  ,'1CNET  (LA  CNRS  250) 

196  Av.  H.  Ravera  92220  BAGNEUX  -  FRANCE  ; 

'"Collige  de  Fiance,  1 1  Place  Marcellin 
Berthelot  75231  PARIS  CEDEX  05  ;  >”>CEA-CEN 
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In  the  firs!  part,  nonlinear  spectroscopic  investigations  combining 
electric-field  induced  second-harmonic  generation  (EFISH)  with 
frequency  dispersed  third-harmonic  generation  (THG)  in  organic 
solutions  /1,2/  are  extended  to  newly  synthesized  long  chain 
conjugated  donor-acceptor  polyenes  /3/ :  in  such  molecules,  as  the  y 
and  p  p  /kT  contributions  are  expected  to  be  of  the  same  order  of 
magnitude,  additionnal  frequency  dispersed  measurements  and 
adequate  dispersion  to  relate  y  (-3o) ;  co ;  co,  co)  from  THG  to  y  (-2  w 
;  to,  (0,0)  from  EFISH  are  performed.  As  opposed  to  a  preliminary 
report  /l/  where  the  cubic  properties  of  paranitroaniline-like 
structures  could  indeed  be  neglected  as  compared  to  their  quadratic 
properties,  we  show  here  that  both  contributions  are  non  negligible. 

In  the  second  pan  we  report  and  discuss  real  and  imaginary  parts  of 
the  quadratic  p  and  cubic  y  hyperpolarizabilities  of  push-pull 
polyenes  of  increasing  length  /3/  as  investigated  by  our  coupled 
THG-EF1SH  methodology. 

/ 1/  M.  Barzoukas,  P.  Frfmaux,  D.  Josse,  F.  Kajzar  and  J.  Zyss 
MRS  Symposium  Series  109, 171  (1988) 

fit  F.  Kajzar,  1.  Ledoux  and  J.  Zyss  Phys.  Rev.  A  36, 2210 
(1987) 

fit  M.  Barzoukas,  M.  Blanchard-Desce,  D.  Josse,  J.M.  Lehn  and 
J.  Zyss,  Chem.  Phys.  133,  323  (1989) 

Q12.8 

NONLINEAR  OPTICAL  STUDIES  OF  MIXED  tl-CONJUOATED 
POLYMER  MULTILAYERS  BY  SECOND  HARMONIC  GENERATION 
Hiroshi  Koezuket.  Tetsuyuki  Kurata,  Akira  Tsumura 


and  Hiroyuki  Fuchigami,  Mitsubishi  Electric  Corp. , 
Materials  &  Electronic  Devices  Lab.,  Tsukaguchi- 
Honmachi  8-Chome,  Amagasaki,  Hyogo  661,  Japan. 

n-Conjugated  polymers  have  been  intensively 
investigated  as  candidates  of  nonlinear  optical 
materials.  Since  nonlinear  susceptibilities 
greatly  depend  on  the  degree  of  chromophore 
orientation,  a  Langmuir-Blodgett ( LB)  technique  has 
been  widely  utilized  to  orient  the  chromophores . 
On  the  other  hand,  second  harmonic  generation 
(SHG)  can  be  applicable  to  study  the  orientation 
of  ultra-thin  films.  In  this  study,  we  have 
prepared  mixed  multilayers  consisting  of  two 
kinds  of  n-conjugated  system,  that  is  ,  poly(3- 
hexyl-thiophene) (PHT)  and  amphiphilic  pentacosa- 
10 , 12-diynoic  acid  (DA).  The  orientation  of  the 
obtained  multilayers  having  various  mixing  ratio 
of  PHT  to  DA  has  been  investigated  primarily  by  a 
SHG  Maker  fringe  method  using  a  Q-switched  Nd:YAG 
laser(1.06  pm). 

All  the  deposited  LB  films  was  Y-type.  For  SHG 
measurements  the  p-polarized  harmonic  radiation 
was  observed  only  for  s-(s*p)  and  p-(p*p)polariza- 
tion  of  the  fundamental.  The  SHG  intensity  in¬ 
creased  with  increasing  ratio  of  PHT  to  Da.  The 
SHG  intensity  clearly  showed  an  odd-even  effect 
relative  to  the  deposited  number  of  monolayers. 
From  both  the  analyses  of  the  observed  Maker 
fringe  patterns  and  the  results  of  lt-A  isotherms 
the  detailed  orientation  of  mixed  multilayers  will 
be  discussed. 

Q12.9 

A  NEW  POLYOLEFINE  MATERIAL  ‘ZEONEX*  FOR  OPTICAL  USES 
Teiji  Kohara.  Masayoshi  Ohsbiaa.  and  Tadao  Natsuuae, 
Nippon  Zeon  Co., Ltd.,  1-2-1  Yako,  Kawasaki -ku, 

Kawasaki,  210  Japan;  Nasahiro  Yawazaki,  Nippon  Zeon 
of  Aaerica,  Inc.,  50  Main  Street,  White  Plains,  New 
York  10606 

Nippon  Zeon  Co. .Ltd.  has  invented  a  new  polyolefin 
poleaer  *ZE0NEK',  which  has  excellent  properties  for 
optical  disc  substrate.  ZEONEX  is  an  aworphous  and 
transparent  hydrocarbon  polyaer.  It  has  high  trans- 
■ittance,  snail  photoelastic  coefficient,  high  heat 
resistance,  low  water  absorption,  low  aoisture 
peraeabi 1 i ty,  and  easy  processing  properties. 

ZEONEX  is  aade  first  by  ring-opening  polynerization 
of  norborneoe  type  aonoaers  to  interaediary  poly¬ 
olefin,  which  has  unsaturated  bonds  in  polyaer  aain 
chaine,  then  by  hydrogenation  to  highly  heat- 
resistant  saturated  hydrocarbon  polyaer.  ZEONEX  has 
rigid  uosyaaetric  5-aeabered  ring  structure  in 
polyaer  aain  chain  and  has  bulky  substituents  in  the 
ring.  Excellent  features  of  ZEONEX  are  contributed 
by  these  structural  characteristics. 

We  believe  that  ZEONEX  is  aost  suitable  for  single¬ 
sided  optical  oiscs,  especially  for  uses  in  a  large 
diaaeter  discs.  We  have  obtained  200  aa  diaaeter 
discs,  which  have  low  reterdatioa  of  birefringence 
less  than  25  na,  by  injection  aolding  process.  The 
aolding  conditions  are  siailar  to  130  aa  diaaeter 
discs.  The  discs  showed  oaly  quite  saall  warpage 
even  under  the  test  conditions  at  80T  and  90  ZRH. 
However,  the  discs  aade  froa  PC  showed  a  reaarkably 
big  warpage  under  the  saae  conditions. 

Q12.10 

SYNTHESIS  AND  SECOND-ORDER  NONLINEAR  OPTICAL 
PROPERTIES  OF  NEW  COUMAROMETHACRYLATE 
-METHYLMETHACRYLATE  COPOLYMERS.  R.A.  Henry, 

J.M.  Hoover,  and  G.A.  Lindsay,  Research  Department,  Code 
3858,  Naval  Weapons  Center,  China  Lake,  CA  93555;  and  M.A. 
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*  Mortazavi,  A.  Knoesen,  and  S.T.  Kowel,  Department  of  Electrical 
Engineering  and  Computer  Science,  University  of  California, 
Davis,  CA  95616. 

The  synthesis  and  second-order  nonlinear  optical  properties  of  a 
new  family  of  optically  nonlinear  polymers  consisting  of  a 
coumarin  dye  attached  to  a  pofy(methylmethacrylate)  (PMMA) 
backbone  will  be  reported.  Polymerizable  coumaromethacrylate 
(CMA)  monomers  having  alkyl  spacers  (C2  to  C5)  between  the 
chromophore  and  the  methacrylate  group  were  prepared  and 
copolymerized  with  methylmethacrylate  (MMA)  to  yield 
CMA-MMA  copolymers  with  high  chromophore  content  (up  to  9.8 
x  102o/cm3)  and  glass  transitions  as  high  as  132°C.  Spin  cast 
films  were  prepared  on  BK7  substrates  and  oriented  by 
corona-onset  poling  at  elevated  temperatures  (COPET).  The 
spectroscopic  absorption  and  second  harmonic  generating 
properties  of  the  poled  CMA-MMA  polymer  films  were  measured 
as  a  function  of  chromophore  density  and  alkyl  spacer  length, 
and  were  compared  to  results  for  poled  guest-host  systems  such 
as  PMMA-azo  dye  and  PMMA-coumarin  dye.  Relative  to  PMMA  - 
Disperse  Red  1 ,  CMA-MMA  copolymer  films  exhibit  larger  and 
much  more  stable  second-order  nonlinear  optical  properties. 
Q12.11 

NEW  POLYMERS  FOR  ELECTROACTIVE  APPLICATIONS. 
Mamoun  M.  Badr.  David  W.  Polis,  and  Larry  R.  Dalton,  Department 
of  Chemistry,  University  of  Southern  California  Los  Angeles, 
California  90089-0482 

Polymers  with  enhanced  third  nonlinear  susceptibilities  can  be 
achieved  either  by  incorporating  electroactive  subunits  in  the  polymer 
backbone  or  attaching  them  as  pendant  groups.  Cunrently  we  are 
trying  both  approaches  in  order  to  maximize  NLO  properties  of  some 
polymeric  systems.  New  random  copolymers  of  styrene,  p- 
aminostyrene  and  methylmethacrylate,  with  p-aminostyrene  percentage 
covering  the  range  5-50%,  have  been  synthesized  and  characterized  by 
the  conventional  methods  i.e.,  UV-VIS.  IR,  H1  NMR,  GPC,  and 
thermal  analysis.  These  polymers  were  then  reacted  with  4-chloro-7- 
m  troben  zof urazan  to  give  bright  orange  polymers  of  which  semi¬ 
transparent  thin  films  were  made.  The  degree  of  transparency  depends 
on  the  amount  of  the  electractive  units  attached  to  the  polymer. 

We  anticipate  larger  contributions  from  intermolecular  processes  at 
higher  concentrations  of  electroactive  subunits.  We  are  also 
investigating  the  way  the  dye  content  affects  the  morphology  of  films 
since  stacking  of  these  units  is  expected  at  higher  concentrations. 
Degenerate  Four  Wave  Mixing  measurements  are  currently  underway. 

In  addition,  the  synthesis  of  other  functionalized  random  copolymers 
with  different  subunits  of  potentially  high  nonlinear  optical  properties 
is  underway. 

Q12.12 

PHOTOEXCITATION  SPECTROSCOPY  OF  PRECURSOR  ROUTE 
POLY  (THIOPHENE  VINYLENE).  D.  D.  C.  Bradley.  A.  J.  Brassett, 
N.F.  Colaneri,  R.H.  Friend  and  R.A.  Lawrence,  Cavendish  Lab, 
Madingley  Rd,  Cambridge  CB3  OHE,  UK;  and  H.  Murata,  S.  Tokito,  T. 
Tsutsui  and  S.  Saito,  Dept  of  Materials  Science  and  Technology,  Kyushu 
University,  Kasuga,  Fukuoka  816,  Japan. 


structure  appears  in  the  vicinity  of  the  band  edge  and  at  higher  energies  a 
broad  bleaching  band  appears.  The  two  main  peaks  are  assigned  to 
transitions  involving  bipolarons  that  are  estimated  to  have  a  lifetime  of 
order  3ms  at  80K.  The  oscillatory  structure  is  well  correlated  with  the  two 
intra-gap  peaks  in  terms  of  its  dependence  upon  intensity,  temperature  and 
chop-frequency  and  is  assigned  to  a  modulation  of  the  band-edge  caused 
by  local  electric  fields  in  the  vicinity  of  the  charged  bipolarons.  No  sub- 
bandgap  luminescence  is  seen  and  the  emission  occuring  in  the  absorptive 
region  (a  "hot"  process)  is  very  weak  (comparable  to  the  Raman 
scattering).  On  the  basis  of  these  results  we  discuss  the  nature  of  the 
confinement  in  PTV  and  the  importance  of  non-radiative  recombination 
pathways  in  quenching  photoluminescence. 

Q12.13 

Synthesis  and  Chracterization  of  New  Polymers 
Exhibiting  Large  Optical  Nonlinearity:  Derivatized 
Polyaniline  and  Copolymer  Containing  Polyaniline 
Segments.  Lupine  Yu.  Mai  Cben,  Larry  R.  Dalton. 
Department  of  Chemistiy,  USC,  LA,  CA-90089-0482. 


As  part  of  a  continuing  exploration  of  organic  polymers 
as  nonlinear  optical  materials,  a  new  derivatized 
polyaniline  with  carboxylic  ester  substituents  and  a 
copolymer  containing  derivatized  polyaniline  segments 
and  aliphatic  flexible  chain  have  been  synthesized  via 
soluble  precusors.  The  copolymer  exhibits  improved 
solubility  and  a  defined  absorption  band-edge  when 
compared  to  polymer.  Degenerate  four  wave  mixing 
(DFWM)  measurements  for  copolymer  indicate  a  third 
order  susceptibility  of  4.5  «  10-9  esu.  The 
characterizations  of  derivatized  polyaniline  are  in 
progess.  Primary  studies  indicate  that  this  polyaniline 
can  be  oxidized  by  electrochemical  process  to  promot  the 
electrical  conductivity.  A  strong  DFWM  signal  has  been 
observed. 

Q13.1 

THE  21*  STATE  IN  LONG  POLYENES:  ELECTRONIC  STRUCTURE, 
PHOTOIN&UCED  ABSORPTION  AND  THERMAL  ISOMERIZATION.  Bryan 
E.  Kohler  and  Curtis  Uesterf ield.  Chemistry  Department, 
University  of  California,  Riverside,  CA  92521. 

High  resolution  fluorescence  and  fluorescence  excitation 
spectra  have  been  obtained  for  the  all-trans  polyene 
2,4,6,8,10,12,14,16-  octadecaoctaene  (16  conjugated  carbon 
iteu) .  This  is  the  longest  discrete  polyene  for  which 
such  data  are  known.  The  l1*  to  2*4  0-0  band  at 

17,871  cn  is  4900  cm  jbelom  the  1  ru  (band  gap) 
transition  at  22,770  cm  Both  of  • hese  energies  would 
have  been  predicted  by  fitting  the  j-0  excitation  energies 
of  shorter  polyenes  by  a  1/N  curve  and  extrapolating  to 
N-8 .  The  excitation  energy  and  Isomerization  properties  of 
the  polyene  2XA  state  can  be  extrapolated  to  polyenes 
of  arbitrary  conjugation  length  to  give  a  consistent  and 
quantitative  accounting  of  the  photolnduced  absorption, 
thermal  isomerization  and  nonlinear  optical  response 
observed  for  polyscetylene  films. 


Poly(thiophenevinylene)  [PTV]  is  prepared  via  a  sulphonium 
polyelectrolyte  precursor,  allowing  the  ready  fabrication  of  fully  dense 
thin  films  which  are  of  interest  for  nonlinear  optics  and  related 
applications.  We  report  a  study  of  the  optical  properties  of  PTV  and  its 
behaviour  following  photoexcitation.  Photoexcitation  above  the  bandgap 
(ca.  1.76  eV)  gives  rise  to  a  transient  spectrum  in  which  absorption  peaks 
(-AT/T  «  3  x  10“*)  are  seen  at  0.43  and  1.0  eV.  An  additional  oscillatory 
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E0RETICAL  CALCULATIONS  ON  NONLINEAR  SUSCEPTIBILITIES  OF 
GANIC  MATERIALS.  Yuzo  Itoh,  Tomoyuki  Hamada,  Atsushi 
kuta,  and  Akio  Mukoh,  Hitachi  Research  Laboratory, 
tachi  Ltd.  4026  Kuji-cho,  Hitachi,  Ibaraki,  319-12 


Under  the  oriented  gas  model  approximation,  we  can 
calculate  susceptibility  of  an  organic  crystal  if  the 
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molecular  hyperpolarizability  and  the  crystal  structure 
are  known.  Semi-empirical  (CND0/S3-CI)  and  ab  initio 
molecular  orbital  (MO)  calculations  are  used  to  evaluate 
molecular  hyperpolarizabilities.  Crystal  energy 
calculations,  using  empirical  atom-atom  pairwise 
potentials,  are  employed  to'  evaluate  the  crystallization 
properties. 

In  the  hyperpolarizability  calculations,  the  semi- 
empirical  MO  calculations  are  applied  to  search  for 
suitable  materials  for  second  harmonic  generation  (SHG) 
of  a  diode  laser.  The  ab  initio  MO  calculations  are 
done  for  more  rigorous  analyses.  Basis  set  dependence 
of  the  hyperpolarizability  values  calculated  by  a  time 
independent  perturbation  and  a  coupled-perturbed  Hartree- 
Fock  (CPHF)  methods  is  investigated. 

Space  group  limiting  calculations  of  crystal  energy  with 
the  accelerating  convergence  method  are  performed  to 
estimate  the  minimum  energy  crystal  structures  of  organic 
nonlinear  materials.  The  calculated  structures  agree 
well  with  the  experimental  ones. 

The  oriented  gas  model  neglects  the  effect  of 
intermolecular  interactions  by  crystal  packing  on 
hyperpolarizability.  The  effect  is  estimated 
quantitatively  by  the  ab  initio  MO  calculations  of  super 
molecules  of  several  typical  organic  nonlinear  materials. 

013.3 

NONLINEAR  OPTICAL  RESPONSE  IN  CONJUGATED 
POLYMERS  -  A  THEORETICAL  APPROACH.  Mauro  Pereira. 
Jr..  Optical  Sciences  Center.  University  of  Arizona.  Tucson.  AZ 
85721;  S.  W.  Koch.  Physics  Department  and  Optical  Sciences  Center. 
University  of  Arizona.  Tucson.  AZ  85721;  Sumit  Mazumdar.  Physics 
Department.  University  of  Arizona.  Tucson.  AZ  657 21;  and  S.  N. 
Dixit.  Lawrence  Livermore  National  Laboratory.  Livermore.  CA 
94550. 

The  nonlinear  optical  properties  of  organic  conjugated  polymers  are 
theoretically  investigated.  We  compute  the  differential  transmission 
spectra  (DTS)  for  conjugated  polymers  assuming  a  typical  pump- 
probe  geometry.  The  probe  transmission  is  calculated  both  with  and 
without  the  simultaneous  excitation  of  the  experimental  system  by  a 
pump  beam  that  is  not  collinear.  Calculations  are  done  for  the 
simple  Hinckel  (SSH).  Hubbard  and  Pariser-Parr-Pople  models,  and 
both  dipole-allowed  one-photon  stales  and  dipole-forbidden  two- 
photon  states  are  included.  The  one-electron  Hamiltonian  is  studied 
for  the  infinite  chain  length,  while  finite  Hubbard  and  PPP  chains 
are  investigated  within  an  exact  numerical  approach.  The 
completely  general  expression  for  the  DTS  is  evaluated  without 
making  use  of  any  rotating  wave  approximation.  The  DTS  is 
calculated  for  broad  ranges  of  pump  and  probe  frequencies  to  study 
absorption  saturation,  probe  gain,  photoinduced  absorption,  as  well 
as  the  optical  Stark  effect. 

Q13.4  ABSTRACT  MOT  AVAILABLE 
Q13.5 

ROTATIONNAL  DIFFUSION  OF  CHROMOPHORES  INSIDE  A 
GLASSY  POLYMERIC  FILM  STUDIED  BY  ELECTROOPTI CAL 
POLAR I METR Y .  Real  MEYRUEIX  and  Gerard  MIGNANI, 
Fhone-Poulenc  Recherches,  Centre  dec  Carrieres, 
69192  SAINT-FONS  CEDEX,  France. 

Amorphous  polymers  doped  or  functionalized  with 
charge  transfert  chromophores  appear  to  be  a 
promising  novel  class  of  NLO  material. 

The  dynamic  of  the  chromophores  when  the  film  is 
subjected  to  an  electrical  poling  field  is 
studied  both  in  the  rubber  and  in  the  glassy 
state  by  electrooptical  polarimetry.  Me  present 
here  the  rigorous  derivation  of  the  second  order 
susceptibility  coefficients  Xj j ,  end  xt  i  j 
from  the  phase  shift  between  s  and  p  waves 
crossing  the  film  under  incidence  i.  Our  method 
is  applied  to  some  polymer  matrix  doped  with  the 
disperse  red  one  azo  dye. 


Above  the  glassy  temperature,  Tg,  the  dopant 
dynamics  is  easily  visualized  by  Kerr  effect  : 
the  relaxation  time  is  short  (t  ■=  0,01  s  at  Tg 
+  5°C) . 

In  the  glassy  state,  disorientation  as  well  as 
orientation  can  be  achieved  below  Tg.  The 
analysis  of  the  SMOLUCHOVSKI  equation  shows  that 
the  rotation  of  the  chromophore  cannot  be 
described  by  a  single  diffusion  coefficient  or  a 
single  relaxation  time  t.  We  give  resultats  about 
the  dependance  of  the  relaxation  time 
distribution  with  temperature,  physical  ageing, 
magnitude  of  the  secondary  transition,  molecular 
weight  and  dopant/polymer  dipolar  interaction. 

Q13.6 

SECOND  ORDER  NONUNEAR  OPTICS  AND  POLYMER  PHYSICS 
OF  CORONA  POLE D  POLYMER  FILMS.  Hilary  L.  Hamnsch*.  Jian 
Yangb,  George  K.  Wongb,  John  M.  Torkelson**;  ‘Department  of  Materials 
Science  and  Engineering,  bDepartment  of  Physics  and  Astronomy,  cDepan 
ment  of  Chemical  Engineering,  Northwestern  University,  Evanston,  IL. 

Basic  polymer  physics  phenomena,  including  relaxation  and  mobility,  free 
volume,  and  fro:  volume  distributions  were  examined  in  glassy  polymers 
doped  with  nonlinear  optical  (NLO)  chromophores.  Second  order  NLO 
effects  such  as  second  harmonic  generation  (SHG)  and  the  linear  electro- 
optic  effect  were  examined  as  a  function  of  time  to  investigate  the  temporal 
stability  of  dopant  orientation  in  in-situ  corona  poled  films  of  polystyrene, 
poly(methyl  methacrylate),  and  bisphenol-A-polycarbonate  doped  with 
NLO  dyes.  In-situ  corona  poling  was  used  to  generate  a  strong  electric  field 
that  oriented  the  dopants  noncentrosyminetrically  in  the  polymer  matrix 
(required  for  SHG  to  occur).  The  SHG  intensity  decays  when  relaxations 
in  the  polymer  glass  allow  the  dopants  freedom  to  rotate  out  of  their  poling- 
im posed  noncentrosymmetric  orientation.  The  SHG  intensity  was 
measured  in-situ,  directly  in  the  beam  path  with  time  before  and  after 
physical  and  chemical  modifications  to  the  films,  including  physical  aging 
and  secondary  bonding  effects. 

Physical  aging,  or  sub-Tg  annealing,  was  performed  before  and  during 
poling  in  order  to  decrease  and  redistribute  local  free  volume/decrease 
segmental  mobility  around  the  NLO  dopants.  Physical  aging  during  poling 
led  to  an  increase  in  temporal  stability  of  the  SHG  intensity  by  densifying 
the  matrix  around  the  orienting  dopants.  Aging  before  poling  decreased  the 
fraction  of  dopants  able  to  orient  (decreased  SHG  intensity)  but  did  not 
affect  th  shape  of  the  SHG  decay  curve.  Other  variables  examined  included 
the  effect  of  thermal  history,  poling  temperature  and  time,  and  polymer 
polydispersity  and  molecular  weight  Quenching  from  different  tempera tues 
above  Tg  led  to  different  temporal  stabilities  of  the  SHG  intensity.  The 
effect  of  dopant/polymer  interactions  was  studied  by  comparing  NLO 
dopants  of  similar  size  but  different  ability  to  hydrogen  bond  to  a  given 
polymer  matrix.  Hydogen  bonding  between  the  dopant  and  polymer 
significantly  increased  the  temporal  stability  of  the  SHG  intensity. 

Q13.7 

THEORETICAL  STUDIES  OF  THE  NONLINEAR  PROPERTIES 
OF  1 -ARGININE  PHOSPHATE  AND  DERIVATIVES.  C.  A. 

Langhoff,  Dow  Chemical,  1776  Bldg.,  Midland.  MI 
48674. 


Recent  work  at  the  Lawrence  Livermore  National 
Laboratory  has  shown  that  1-arginine 
phosphate (LAP)  is  a  good  candidate  for  frequency 
conversion  of  Nd  lasers.  Ve  have  undertaken  a 
quantum  chemical  study  of  LAP  and  several 
derivatives  in  a  effort  to  understand  the  origin 
of  ft  nonlinear  properties.  The  semlemplrical 
CNDO/S  method  was  used  to  calculate  the  excited 
properties  of  the  molecule  and  a  conventional  sum 
over  states  method  was  used  to  calculate  the  fi 
tensor.  Comparison  of  these  results  vlth  measured 
values  will  be  presented. 


Q13.8 

QUANTUM  LATTICE  FLUCTUATIONS  AND  NONLINEAR  OPTICAL 
PROPERTIES  OF  CONDUCTING  POLYMERS.  3.  Yu, 

B.  Friedman,  and  w,  P,  Su.  University  of  Houston, 
Houston,  TX. 

Quantum  lattice  fluctuations  in  the  form  of  vir¬ 
tual  soliton  anti  sol i ton ( SS )  pairs  have  been  shown 
to  significantly  affect  the  subgap  absorption  and 
the  luminescence  spectra  of  conjugated  polymers. 
Within  a  tight  binding  model  we  have  calculated 
the  contribution  of  the  virtual  S"§  pairs  to  the 
cubic  susceptibilities.  The  result  can  explain  a 
pronounced  two  photon  resonance  peak  in  the  third 
harmonic  spectrum  of  trans-polyacetylene.  Result 
for  nondegenerate  polymers  will  also  be  discussed. 

Q13.9 

THIRD  ORDER  NONLINEAR  OPTICAL  EFFECTS  IN 
POLYCONDENSED  THIOPHENE  BASED  POLYMERS.  Lina  Van?.  R. 
Dorsinville,  R.  R.  Alfano,  Physics  and  Electrical  Engineering 
Depts.  City  College  of  New  York  138th  St.  and  Convent  Ave.  New 
York,  New  York  10031;  C.  Taliani  Istituto  di  Spettroscopia 
Molecolare  Consiglio  Nazionale  delle  Ricerche  Via  de'Castagnoli 
1,40126  Bologna.  Italy 

Third  order  nonlinear  optical  effects  of  polythiophene  and  a 
homologous  series  of  polycondensed  thiophene  based  polymers 
were  investigated  using  the  picosecond  four  wave  mixing 
technique.  For  the  first  time,  the  dispersion  of  the  cubic 
nonlinear  susceptibility  using  four  wave  mixing  above  and 

below  gap  for  several  thin  films  samples  of  thiophene  based 
polymers  are  reported.  The  jjO)  for  these  polymers  was  found  to 
be  one  of  the  largest  and  fastest. 

The  research  at  CCNY  is  supported  by  PSC  and  NSF. 

Q13.10 

OPTICAL  CHARACTERISATION  OF  POLYDIACETYLENE  LANGMUIR- 
BL00GETT  FILM  ON  SILICON  SUBSTRATES.  P.  Miller,  A.M.K. 
Rahman,  S.V.  Broude,  S.  Tripathy,  University  of  Lowell, 
Departments  of  Physics  and  Chemistry,  Lowell,  MA  01854 

A  bi layer  of  a  surfactive  polydiacetylene  (15-8  PDA)  has 
been  deposited  by  langmuir-Blodgett  (L.B.)  technique  on  a 
smooth  Silicon  substrate.  A  commercial  Lauda  film  balance 
was  used  to  deposit  the  bilayer  on  a  cleaned  Silicon  wafer. 

The  morphology  of  the  deposited  film  has  been  studied  by 
cross-polarized  optical  microscopy,  and  laser  light 
scattering  microscopy.  Usual  crystalline  domains  with 
size  ranging  from  5  to  50  pm  can  be  seen  between  cross 
polarizers.  Nonuniformities  and  voids  in  the  film  are 
observed  by  imaging  the  scattered  light  from  a  visible 
laser  beam  incident  at  grazing  angle  onto  the  film. 

Raman  scattering  study  on  these  bilayers  have  been  carried 
out  to  investigate  their  vibronic  structure.  Information 
about  vibronic  levels  from  PDA  has  been  used  to  define  the, 
extend  of  disorder  and  crystalline  phase  of  the  bilayer. 'T) 
Large  enhancement  of  the  scattering  is  obtained  on  local 
rough  defects  on  the  Si  substrate. 

Reference: 

1.  Y.J.  Chen,  S.K.  Tripathy,  G.M.  Carter,  B.S.  Elman, 

E.S.  Koteles  and  J.  George,  Jr,  Solid  State  Comm.  58. 
pp.  97-100  (1986).  — ’ 

QX3.11 

MICROENCAPSULATED  CHIRAL  POLYMER  COMPOSITES. 
Viiav  K.  Varadan.  Deepak  K.  Ghodgaonkar,  Vasundara  V. 
Varadan  and  Akhlesh  Lakhtakia,  Research  Cenler  for  the 
Engineering  of  Electronic  and  Acoustic  Materials,  227 
Hammond  Building,  Pennsylvania  State  University,  University 
Park,  PA  16802. 


In  the  past  two  years,  we  have  extensively  demonstrated  the 
wide-ranging  utility  of  chiral  composites  constructed  at  our 
Center.  Tne  composites  are  environmentally  stable,  and  can  be 
conveniently  processed  for  RFI  /  EMI  /  EMC  applications.  The 
host  material  is  a  blend  of  silicone  and  non-silicone  polymers, 
while  microballoons  made  of  a  lossy  chiral  polymer  constitute 
the  inclusion  phase.  Extensive  characterization  tests  conducted 
on  our  free-space  microwave  characterization  facility  over  the 
8-40  GHz  range  will  be  presented  to  demonstrate  the  remarkable 
properties  of  these  composites. 

Q13.12 

ARTIFICIAL  CHIRAL  COMPOSITES.  Vasundara  V.  Varadan, 
Deepak  K.  Ghodgaonkar,  Vijay  K.  Varadan  and  Akhlesh 
Lakntakia,  Research  Center  for  the  Engineering  of  Electronic 
and  Acoustic  Materials,  227  Hammond  Building,  Pennsylvania 
State  University,  University  Park,  PA  16802. 


Chiral  media  are  commonly  found  in  nature  as  the 
stereoisomers  of  organic  chemistry,  which  exhibit  the  innate 
chirality  of  their  molecules  at  optical  frequencies.  The  geometric 
basis  of  chirality  has  been  extended  down  to  the  GHz  frequency 
range  by  suspending  microminiature  helices  in  a  dielectric  host 
material.  Since  the  helices  are  chiral,  the  composite  thus 
constructed  is  also  (artificially)  chiral.  The  host  material  can  be 
simple  polymers  such  as  epoxy,  or  the  more  complicated 
conducting  polymers.  Properties  of  these  artificial  composites 
have  been  tested  in  the  8-40  GH2  frequency  range,  and  indicate 
their  utility  as  EM  shielding  materials,  microwave  absorbers,  as 
well  as  for  other  EMI  /  EMC  /  RFI  purposes. 

Q13.13 

POLYMER  BLEND  FOR  RFI  /  EMI  /  EMC  APPLICATIONS. 
Neil  Williams.  Vijay  K.  Varadan  and  Vasundara  V.  Varadan, 
Research  Center  for  the  Engineering  of  Electronic  and  Acoustic 
Materials,  227  Hammond  Building,  Pennsylvania  State 
University,  University  Park,  PA  16802. 


A  conducting  polymer  blend  made  of  silicone  and  non-silicone 
polymers  has  been  developed  at  our  Center.  The  silicone 
polymer  is  made  of  polysiloxane  units  with  electron- 
withdrawing  groups  attached  to  silicone  for  a.c.  conductivity. 
The  non-silicone  polymer  is  carbon-based  and  also  has  electron- 
withdrawing  groups.  D.C.  conductivity  may  be  imparted  to  the 
blend  by  adding  tin  tetrachloride  powder.'  The  polymer  blend 
has  been  extensively  tested  in  the  5-60  GHz  frequency  range 
using  a  free-space  measurement  setup  described  elsewhere  in 
this  Symposium.  Our  experimental  results  strongly  indicate 
that  this  blend  is  suitable  for  RFI  /  EMI  /  EMC  applications,  and 
also  for  constructing  microwave  absorbing  panels.  It  is 
environmentally  stable,  hydrophobic,  and  non-corrosive;  and  it 
can  be  applied  to  diverse  surfaces  in  a  variety  of  ways. 
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MATERIALS  SYNTHESIS  UTILISING 
BIOLOGICAL  PROCESSES 

November  28  -  30,  1989 

SESSION  Rl:  BIOLOGICAL  AND  BIOKIMETIC 
MINERALIZATION  I 

Chairs:  Paul  Calvert  and  Richard  Blakemore 

Tuesday  Morning,  November  28 
Essex  North  Center  (W) 

8:30  *R1 ■ 1 

BIOMINERALIZATION  BY  MAGNETIC  BACTERIA, 
Richard  P.  Blakemore.  University  of  New 
Hampshire,  Microbiology  Department,  Durham, 
NH. 


11:15  Rl .7 

A  "BIO-MIMETIC"  ROUTE  TO  BARIUM  TITANATE 
SHEETS,  Paul  Calvert.  University  of  Arizona, 

Department  of  Materials  Science  and  En¬ 
gineering,  Tucson,  AZ;  R.A.  Broad,  Univer¬ 
sity  of  Sussex,  School  of  Chemistry,  Sussex,  > 

United  Kingdom. 

11:30  Rl .8 

SYNTHETIC  SURFACES  AS  MODELS  FOR  BIOMINER-  j 

ALIZATION  SUBSTRATES,  P.C.  Rieke.  B.J. 

Tarasevich,  S.B.  Bentjen,  Battelle-Pacif ic 
Northwest  Laboratory,  Metals  and  Ceramics 
Science  Department,  Richland,  WA. 

11:45  DISCUSSION  ' 


9:00  *R1 . 2 

DENTAL  ENAMEL  BIOMINERALIZATION:  A  PROSPEC¬ 
TUS,  Harold  C.  Slavkin.  Malcolm  L.  Snead, 
Margarita  Zeichner-David ,  Eduardo  C.  Lau  and 
Alan  G.  Fincnam,  University  of  Southern 
California,  Los  Angeles,  School  of  Den¬ 
tistry,  Laboratory  for  Developmental  Biol¬ 
ogy,  Department  of  Basic  Sciences,  Los 
Angeles,  CA. 

9:30  *R1 . 3 

BONE  FORMATION:  THE  RULES  FOR  FABRICATING  A 
COMPOSITE  CERAMIC,  Arnold  I.  Caplan.  Case 
Western  Reserve  University,  Skeletal 

Research  Center,  Department  of  Biology, 

Cleveland,  OH. 

10:00  BREAK 

10:15  Rl . 4 

CRYSTAL  FORMATION  WITHIN  COLLAGEN  FIBRILS:  A 
STUDY  OF  MINERALIZING  TURKEY  TENDON,  S^ 
Weiner .  Weizmann  Institute  of  Science, 

Structural  Chemistry  and  Isotope  Depart¬ 
ments,  Rehovot,  Israel;  W.  Traub,  J. 
Moradian-Olkak,  L.  Addadi ,  Weizmann  In¬ 
stitute  of  Science,  Structural  Chemistry 
Department,  Rehovot,  Israel;  and  W.  J. 
Landis,  Children's  Hospital,  Harvard  Medical 
School,  Boston,  MA. 

10:30  Rl . 5 

MINERAL  PHASE  CHARACTERIZATION  FROM  IN  VITRO 
MINERALIZATION  OF  HUMAN  OSTEOBLASTIC  0S- 
TEROSARCOMA  CELLS,  E.P.  Paschalis.  D.N. 
Tatakis,  R.  Dziak  and  G.H.  Nancollas,  State 
University  of  New  York  at  Buffalo,  Chemistry 
Department,  Buffalo,  NY. 

10:45  DISCUSSION 

11:00  R1.6 

CERAMIC  OXIDE  THIN  FILM  FORMATION  UTILIZING 
BIOLOGICAL  PROCESSES,  B.J.  Tarasevich  and 
P.C.  Rieke,  Battelle-Pacif ic  Northwest 
Laboratory,  Materials  Sciences  Department, 
Richland,  WA. 

•Invited  Paper 


SESSION  R2 :  BIOLOGICAL  AND  BIOMIMETTC 
MINERALIZATION  II 

Chairs:  Peter  Rieke  and  Dave  Eanes 

Tuesday  Afternoon,  November  28 
Essex  North  Center  (W) 

1:30  *R2 . 1 

CALCIUM  PHOSPHATE  PRECIPITATION  IN  LIPOSOMAL 
SUSPENSIONS,  Edward  D.  Eanes.  National 
Institute  of  Standards  and  Technology, 
Polymers  Division,  Gaithersburg,  MD. 

2:00  R2.2 

KINETICS  AND  SOLUTION  CHEMISTRY  OF  HYDROXYA¬ 
PATITE  FORMATION,  Paul  W.  Brown  and  Mark  T. 
Fulmer .  Pennsylvania  State  University, 
Department  of  Materials  Science  and  the 
Materials  Research  Laboratory,  University 
Park,  PA. 

2:15  R2.3 

THE  NUCLEATION  AND  GROWTH  OF  CALCIUM  PHOS¬ 
PHATE  ON  SEPARATED  SALIVARY  PROTEIN  FILMS, 
A. A.  Campbell  and  G.H.  Nancollas,  State 
University  of  New  York  at  Buffalo,  Chemistry 
Department,  Buffalo,  NY. 

2:30  R2.4 

THE  INFLUENCE  OF  SALIVARY  PROTEINS  ON  THE 
GROWTH,  AGGREGATION  AND  SURFACE  PROPERTIES 
OF  HYDROXYAPATITE  PARTICLES,  M.  Johnsson.  C. 
Richardson  and  G.H.  Nancollas,  State  Univer¬ 
sity  of  New  York  at  Buffalo,  Chemistry 
Department,  Buffalo,  NY. 

2:45  R2.5 

THE  EFFECTS  OF  PHOSPHOCITRATE  AND  CITRATE  ON 
THE  CRYSTAL  GROWTH  AND  PARTICLE  SIZE  DIS¬ 
TRIBUTION  OF  HYDROXYAPATITE,  C . F . 
Richardson.  M.S.A.  Johnsson  and  G.H. 
Nancollas,  State  University  of  New  York  at 
Buffalo,  Chemistry  Department,  Buffalo,  NY. 

3:00  DISCUSSION 

3:15  BREAK 
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3 : 30  R2.6 

THE  MICROSTRUCTURES  AND  FORMATION  OF  BIOMIN¬ 
ERALIZED  BIVALVI'A  SHELLS,  L.J.  Huang  and 
H-D.  Li,  Tsinghua  University,  Department  of 
Materials  Science  and  Engineering,  Beijing, 
China . 

3:45  R2.7 

THE  BERNAL  SPIRAL  AS  A  MODEL  FOR  THE  STRUC¬ 
TURE  OF  SOME  BIOLOGICAL  SYSTEMS,  Gustavo 
Vazquez  Polo  and  Miauel  Jose  Yacaman.  UNAM, 
Institute  de  Fisica,  Mexico,  Mexico. 

4:00  R2.8 

MECHANICAL  PROPERTY-MICROSTRUCTURAL  RELA¬ 
TIONSHIPS  IN  ABALONE  SHELL,  Mehmet  Sarikaya. 
Katie  Gunnison  and  Ilhan  A.  Aksay,  Univer¬ 
sity  of  Washington,  Department  of  Materials 
Science  and  Engineering,  Seattle,  WA. 

4:15  R2.9 

AN  ELECTRON  MICROSCOPY  STUDY  ON  THE  MICRO¬ 
STRUCTURE  OF  THE  STROMBUS  GIGAS  SHELL,  V.  J. 
Laraia  Jr.  .  M.  Aindow  and  A.H.  Heuer,  Case 

Western  Reserve  University,  Department  of 
Materials  Science  and  Engineering,  Cleve¬ 
land,  OH. 

4 : 30  R2-10 

THE  MICROINDENTATION  BEHAVIOR  OF  SEVERAL 
MOLLUSK  SHELLS,  V.J.  Laraia  Jr.  .  and  A.  H. 
Heuer,  Case  Western  Reserve  University, 
Department  of  Materials  Science  and  En¬ 
gineering,  Cleveland,  OH. 

SESSION  R3 :  ENZYMATIC  SYNTHESIS  OF 
MATERIALS  IN  CEDI, -FREE  SYSTEMS. 

Chair:  Mark  Alper 

Wednesday,  November  29 
Essex  North  Center  (W) 

8:30  MARK  ALPER,  OPENING  REMARKS 

8:45  R3.1 

MATERIALS  SYNTHESIS  UTILIZING  BIOLOGICAL 
PROCESSES,  George  M.  Whitesides.  Harvard 
University,  Department  of  Chemistry,  Cam¬ 
bridge,  MA. 

9:15  R3-2 

THE  USE  OF  PROTEINS  IN  THE  SYNTHESIS  OF 
POLYMERS  AND  THE  MODIFICATION  OF  SILICON 
SURFACES,  Lynn  Oehler,  Chris  Hobbs,  Mark 
Mastanarea  and  Mark  Bednarski.  University  of 
California,  Berkeley,  Department  of  Chemis¬ 
try  and  Center  for  Advanced  Materials, 
Lawrence  Berkeley  Laboratory,  Berkeley,  CA. 

9:45  R3,3 

POLYMER  SYNTHESIS  BY  FREE  RADICAL  ENZYME 
COUPLING  REACTIONS  IN  SOLVENTS,  J.A.  Akkara , 
K.  Senecal  and  D.L.  Kaplan,  US  Army  Natick, 
R&DE  Center,  Natick,  MA. 


10:00  R3 . 4 

POLYMERIZATION  OF  PHENOLS  CATALYZED  BY 
PEROXIDASE  -  CONTROLS  AND  APPLICATIONS,  A . R . 
Pokora  and  W.L.  Cyrus  Jr.,  Mead  Central 
Research,  C'nillicothe,  OH. 

10:15  R3.5 

BIOCATALYTIC  SYNTHESIS  OF  POLYESTERS  BY 
ENZYME-CATALYZED  TRANSESTERIFICATION  IN 
ORGANIC  MEDIA,  Carv  J.  Morrow.  J.  Shield 
Wallace,  Gregory  M.  Bybee,  Kristin  B.  Reda, 
and  Mark  E.  Williams,  University  of  New 
Mexico,  Department  of  Chemistry,  Albuquer¬ 
que,  NM. 

10:30  DISCUSSION 

10:45  BREAK 

11:00  R3.6 

ENZYMATIC  SYNTHESIS  OF  ALKYDS,  S.  Geresh . 
11:15  R3.7 

ENZYMES  AS  AIDS  IN  POLYMER  SYNTHESIS,  G^_ 
Sudesh  Kumar.  Alchemie  Research  Centre, 
Thane,  India. 

11:30  R3.8 

ENZYMATIC  SYNTHESIS  OF  CHIRAL  LACTONES  AND 
POLYESTERS,  Arie  L.  Gutman.  Technion-Israel 
Institute  of  Technology,  Department  of 
Chemistry,  Haifa,  Israel. 

11:45  DISCUSSION 

SESSION  R4 :  MATERIALS  SYNTHESIS  USING 
ALTERED  OR  SYNTHETIC  GENES 
Chair:  David  Tirrell 

Wednesday  Afternoon,  November  29 
Essex  North  Center  (W) 

1:30  R4.1 

SITE-DIRECTED  MUTAGENESIS  FOR  THE  DESIGN  OF 
ENZYMES  FOR  MATERIALS  SYNTHESIS,  Jack  F. 
Kirsch  and  Mark  Alper,  University  of  Cali¬ 
fornia  at  Berkeley,  Department  of  Molecular 
and  Cell  Biology,  and  Center  for  Advanced 
Materials,  Lawrence  Berkeley  Laboratory, 
Berkeley,  CA. 

1:45  R4.2 

SITE-SPECIFIC  MUTAGENESIS  WITH  UNNATURAL 
AMINO  ACIDS,  Spencer  J.  Anthonv-Cahill . 
Christopher  J.  Noren,  Michael  C.  Griffith, 
Daniel  J.  Suich,  Stephanie  A.  Robertson, 
Wenchuan  Liang,  and  Peter  G.  Schultz,  Uni¬ 
versity  of  California  at  Berkeley,  Chemistry 
Department,  and  Center  for  Advanced  Materi¬ 
als,  Lawrence  Berkeley  Laboratory,  Berkeley, 
CA. 
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DISCUSSION 


2:00  R4 ■ 3 

MODIFICATION  OF  PROTEASES  FOR  PEPTIDE  SYN¬ 
THESIS,  Jeffrey  A.  Bibbs,  2iyang  Zhong  and 
Chi-Hufiv  Wona .  Research  Institute  of 
Scripps  Clinic,  LaJolla,  CA  and  Center  for 
Advanced  Materials,  Lawrence  Berkeley  Labor¬ 
atory,  Berkeley,  CA. 

2:15  DISCUSSION 

2:30  R4. 4 

GENETICALLY  CONTROLLED  SYNTHESES  OF  NEW 
POLYMERIC  MATERIALS,  Maurille  J.  Fournier 
and  Thomas  L.  Mason,  University  of  Mas¬ 
sachusetts.  Department  of  Biochemistry, 
Amherst,  MA;  Kevin  P.  McGrath  and  David  A. 

Tirrell .  University  of  Massachusetts ,  De¬ 
partment  of  Polymer  Science  and  Engineering, 
Amherst,  MA. 

2:45  R4 .5 

SYNTHESIS  OF  A  COLLAGEN  ANALOG  IN  ES¬ 
CHERICHIA  COLI  USING  RECOMBINANT  DNA  TECH¬ 
NOLOGY,  Ina  Goldberg  and  Anthony  J.  Salerno, 
Allied-Signal,  Inc.,  Department  of  Biotech¬ 
nology,  Morristown,  NJ. 

3:00  R4.6 

BIOLOGICAL  PRODUCTION  OF  UNIFORM  POLYPEP¬ 
TIDES  FOR  OPTICAL  APPLICATIONS,  Carl  W. 
Lawton .  Herbert  E.  Klei,  University  of 
Connecticut,  Department  of  Chemical  En¬ 
gineering,  Storrs,  CT;  Linda  D.  Strausbaugh, 
University  of  Connecticut,  Department  of 
Molecular  and  Cell  Biology,  Storrs,  CT;  and 
Robert  Crane,  Wright  Patterson  Air  Force 
Base,  Materials  Science  Group,  Dayton,  Ohio. 

3:15  DISCUSSION 

3:30  BREAK 

3:45  R4.7 

GENETICALLY  ENGINEERED  ADHESIVE  PROTEIN, 
Rebecca  P.  Link  and  Robert  Strausberg, 
Genex  Corporation,  Gaithersburg,  MD. 

4 : 00  R4 .8 

ELASTOMERIC  POLYPEPTIDE  BIOMATERIALS,  Dan  W. 
Urrv .  University  of  Alabama  at  Birmingham, 
School  of  Medicine,  Laboratory  of  Molecular 
Biophysics,  Birmingham,  AL. 

4:15  R4U9 

THE  GENETIC  PRODUCTION  OF  SYNTHETIC  CRYSTAL¬ 
LINE  PROTEIN  POLYMERS,  Joseph  Caopello. 
Magda  Marquet  and  Franco  Ferrari,  Protein 
Polymer  Technologies,  Inc.,  San  Diego,  CA. 

4:30  B4-,  1.0 

THE  EXPRESSION  OF  SILK  LIKE  PROTEIN  BY  E. 
COLIVIA  SYNTHETIC  GENE  EXRESSION,  Nicholas 
v.  Ashley.  Cambridge  Laboratory,  PA  Con¬ 
sulting  Group  -  Technology,  Herts,  United 
Kingdom. 


4:45 

SESSION  R5 :  MATERIALS  PROPERTIES  OF 
BIOPOLYMERS 

Chairs:  Paul  Calvert  and  Steven  Mann 

Thursday  Morning,  November  30 
Essex  North  Center  (W) 

8:30  R5.1 

BIOPOLYMERIZATION  AND  BIOCRYSTALLIZATION 
EVENTS  LEADING  TO  THE  ASSEMBLY  OF  A  CELLULOS 
MICROFIBRIL,  R.  Malcolm  Brown  Jr..  The 
University  of  Texas  at  Austin,  Department  of 
Botany,  Austin,  TX. 

9:00  R5.2 

DESIGN  AND  ENGINEERING  OF  BIOPOLYMERS, 
ChoKvun  Rha .  Massachusetts  Institute  of 
Technology,  Biomaterials  Science  Laboratory, 
Cambridge,  MA. 

9:15  R5.3 

CHARACTERIZATION  OF  CHITOSAN  BIOSYNTHETIC 
ENZYMES  IN  MUCOR  ROUXII,  Stephen  J. 
Lombardi .  Steven  Arcidiacono  and  David  I. 
Kaplan,  US  Army  Natick  Research,  Development 
and  Engineering  Center,  Natick,  MA. 

9:30  R5.4 

RECENT  STUDEIS  ON  THE  BIOSYNTHESIS  OF  POLY- 
HYDROXYALKANOATES ,  Oliver  P.  Peoples  and 
Anthony  J.  Sinskey,  Massachusetts  Institute 
of  Technology,  Department  of  Biology,  Cam¬ 
bridge,  MA. 

9:45  DISCUSSION 

10:00  BREAK 

10:15  R5.5 

INFLUENCE  OF  COPOLYMERIC  STRUCTURE  ON  PRO¬ 
PERTIES  OF  POLY-|0-HYDROXYALKANOATES  (PHA), 
Robert  H-  Marchessault .  Clevys  Monasteries 
and  Fred  Morin,  McGill  University,  Depart¬ 
ment  of  Chemistry,  Quebec,  Canada. 

10:30  R5.6 

EGGSHELL  FORMATION  IN  THE  HELMINTH  FASCIOLA 
HEPATICA:  FUTURE  APPLICATION  OF  PRODUCTS  TO 

SYNTHETIC  MICROENCAPSULATION,  Allison  C. 
Rice-Ficht  and  Kathryn  A.  Dusek,  Texas  A&M 
University,  Department  of  Medical  Biochemis¬ 
try  and  Genetics,  College  Station,  TX;  John 
Kochevar,  Texas  A&M  University,  Department 
of  Medical  Pathology,  College  Station,  TX; 
J.  Herbert  Waite,  University  of  Delaware, 
College  of  Marine  Studies,  Lewes,  DE. 

10:45  DISCUSSION 

11:00  R5.7 

CHARACTERIZATION  AND  STRUCTURE  OF  MUSSEL 
ADHESIVE  PROTEINS,  Richard  A.  Laursen .  Jung- 
Jung  Ou,  Xiao-Tong  Shen  and  Michael  J. 
Connors,  Boston  University,  Department  of 
Chemistry,  Boston,  MA. 
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11:15  R5.8 

CALCIUM  MINERAL-PEPTIDE  INTERACTIONS,  A.P. 
Wheeler .  Clemson  University,  Department  of 
Biological  Sciences,  Clemson,  SC;  C.  Steven 
Sikes,  University  of  South  Alabama,  Mineral¬ 
ization  Center,  Mobile,  AL. 

11:30  R5.9 

MOLECULAR  RECOGNITION  BETWEEN  PROTEIN  AND 
CRYSTAL:  RELEVANCE  TO  BIOMINERALIZATION,  L. 
Addadi .  Weizmann  Institute  of  Science, 
Structural  Chemistry  Department,  Rehovot, 
Israel;  A.  Berman,  Weizmann  Institute  of 
Science,  Structural  Chemistry  and  Isotope 
Departments,  Rehovot,  Israel;  J.  Moradian- 
Oldak  Weizmann  Institute  of  Science,  Struc¬ 
tural  Chemistry  Department,  Rehovot,  Israel; 
and  S.  Weiner,  Weizmann  Institute  of 
Science,  Structural  Chemistry  and  Isotope 
Departments,  Rehovot,  Israel. 

11:45  DISCUSSION 

SESSION  R6 :  STRUCTURE  AND  SELF-ASSEMBLY 
Chairs:  Paul  Calvert  and  Malcolm  Brown 

Thursday  Afternoon,  November  30 
Essex  North  Center  (W) 

1 : 30  R6.1 

BIOMINERALIZATION:  NEW  ROUTES  TO  CRYSTAL 

ENGINEERING,  Stephen  Mann.  University  of 
Bath,  School  of  Chemistry,  Bath,  United 
Kingdom. 

2:00  *R6 . 2 

ONTOGENETIC  AND  PHYLOGENETIC  VARIATION  OF 
FORM  AND  FUNCTION  OF  THE  OCULAR  LENS,  J.G. 
Sivak .  University  of  Waterloo,  School  of 
Optometry,  Ontario,  Canada. 

2:30  R6.3 

HIERARCHICAL  STRUCTURE  OF  THE  INTERVERTEBRAL 
DISC,  J.J.  Cassidy,  A.  Hiltner,  and  E.  Baer, 
Center  for  Applied  Polymer  Research  and  Case 
Western  Reserve  University,  Macromolecular 
Science  Department,  Cleveland,  OH. 

2:45  R6.4 

BENDING,  FOLDING,  AND  BUCKLING  PROCESSES 
DURING  BACTERIAL  MACROFIBER  MORPHOGENESIS, 
Neil  H.  Mendelson.  University  of  Arizona, 
Department  of  Molecular  and  Cellular  Biol¬ 
ogy,  Tucson,  AZ;  John  J.  Thwaites,  Cambridge 
University,  Department  of  Engineering, 
Cambridge,  United  Kingdom. 

3:00  DISCUSSION 


3  :  30  R6 . 5 

MECHANICAL  PROPERTIES  OF  BACTERIAL  FIBERS, 
John  J.  Thwaites.  Cambridge  University, 
Department  of  Engineering,  Cambridge,  United 
Kingdom;  and  Neil  H.  Mendelson,  University 
of  Arizona,  Department  of  Molecular  and  Cel¬ 
lular  Biology,  Tucson,  AZ . 

3:45  R6.6 

GROWTH-PACKED  PPT-A  FIBER  FOR  THE  REPLACE¬ 
MENT  OF  NATIVE  ASBESTORS,  Han  Sik  Yoon. 
Korea  Institute  of  Science  and  Technology, 
Department  of  Fiber  Science,  Seoul,  Korea. 

4:00  R6.7 

COMPOSITE  BIOMOLECULAR/SOLID  STATE  NANO¬ 
STRUCTURES,  Kenneth  Douglas  and  Noel  A. 
Clark .  University  of  Colorado,  Physics 
Department,  Boulder,  CO;  and  Kenneth  J. 
Rothschild,  Boston,  University,  Physics 
Department,  Boston,  MA. 

4:15  DISCUSSION 

4:30  R6.B 

DIAMETER  QUANTIZATION  IN  CYLINDRICAL  AG¬ 
GREGATES  OF  CHLOROPHYLLS,  D.L.  Worcester. 
University  of  Missouri,  biology  Department, 
Columbia,  MO;  T.J.  Michalski,  M.K.  Bowman 
and  J.J.  Katz,  Argonne  National  Laboratory, 
Chemistry  Department,  Argonne,  IL. 

4:45  R6.9 

ENZYMATIC  RESOLUTION  OF  BICYCLO[ 3.2.0 ]HEPT- 
2-EN-6-YL  ESTERS,  Norbert  Klempier,  Kurt 
Faber  and  Herfried  Griengl,  Graz  University 
of  Technology,  Department  of  Organic  Chemis¬ 
try,  Graz,  Austria. 

5:00  DISCUSSION  AND  CLOSING  REMARKS 


3:15 


BREAK 


Rl.l 

BIOM1NERAL1ZATION  BY  MAGNETIC  BACTERIA.  Richard 
E  Blakemore.  Microbiology  Department,  University  of  New 
Hampshire,  Durham,  N.  H.  03824. 

At  least  a  dozen  morphologically  distinct  prokaryotic  species  take 
up  iron  and  accumulate  it  some  20,000-fold  over  its  extracellular 
concentration.  They  produce  the  iron  oxide  magnetite  as  an 
intracellular  biomineralization  product;  as  a  consequence,  each  cell 
is  magnetic.  Magnetic  bacteria  exert  control  over  the  quantity,  grain 
size,  crystal  morphology,  distribution  and  orientation  of  magnetite 
within  the  cell  in  a  species-specific  manner.  Other  (non-magnetic) 
bacteria  bioprecipitate  magnetite  extracellularly  as  an  abundant  but 
largely  amorphous  flocculent  phase  in  the  culture  medium.  Within 
cells  of  Aquaspirillum  magnetotacticum,  the  most-studied  magnetic 
bacterium,  the  mineral  occurs  as  a  core  enclosed  within  a  biological 
membrane;  the  entire  structure  comprising  a  "magnetosome". 

The  magnetosome  membrane  (which  is  obviously  not  required  for 
bacterial  magnetite  formation)  probably  does  control  aspects  of  the 
biomineralization  process  in  magnetic  bacteria.  Cell  fractionation 
studies  have  revealed  the  chemical  composition  of  the  magnetosome 
vesicle  membrane.  Several  proteins  not  found  elsewhere  in  the  cell 
are  candidate  proteins  for  sequence  analysis  and/or  inclusion  in 
artificial  membrane  vesicles  to  obtain  in  vitro  control  of  magnetite 
formation. 

Pertinent  Japanese  patents  include  applications  of  bacterial  particles 
as  magnetic  toners  (Canon,  21  Dec.  1987)  and  as  substrates  for 
immobilization  of  physiologically  active  substances  (TDK  18  May, 
1987)  in  addition  to  methods  of  separation  and  purification  of  the 
particles  from  cells  (Hitachi  28  July,  1987). 

Rl  .2 

DENTAL  ENAMEL  BIOMINERALIZATION:  A  PROSPECTUS. 
Harold  C.  Slavkin,  Malcolm  L.  Snead,  Margarita  Zeichner-David, 
Eduardo  C.  Lau  and  Alan  ■  G.  Fincham,  Laboratory  For 
Developmental  Biology,  Department  of  Basic  Sciences,  School  of 
Dentistry,  University  of  Southern  California.  Los  Angeles,  CA. 
90089-0191 

It  is  becoming  increasingly  evident  that  recombinant  DNA 
technology,  physical-chemistry  and  selected  biological  processes 
can  be  coupled  leading  to  the  development  of  new  ’synthetic’ 
biomaterials.  One  opportunity  for  such  an  interdisciplinary 
strategy  is  the  development  of  dental  restorative  materials— 
human  enamel.  This  summary  and  prospectus  will  highlight 
selected  features  related  to  dental  enamel  biomineralization. 
During  vertebrate  tooth  dental  enamel  formation,  fish  through 
mammals,  epithelium  synthesize  and  secrete  enamel  proteins 
which  serve  to  nucleate  and  regulate  calcium  hydroxyapatite 
crystal  growth  and  orientation.  Significant  progress  has  been 
made  in  the  isolation  and  characterization  of  these  anionic  as 
well  as  hydrophobic  enamel  proteins  resulting  in  partial  and 
complete  amino  acid  sequences.  In  tandem,  substantial  progress 
has  been  made  to  identify,  clone,  sequence  and  express  dental 
enamel  cDNAs.  More  recent  evidence  has  also  provided  specific 
time  and  position  cellular  localizations  using  in  situ  hybridization 
as  well  as  chromosome  mapping  for  the  major  amelogenin 
structural  gene  in  both  mouse  and  human.  Synthetic  oligopeptides 
have  been  used  to  study  physical-chemical  interactions  related  to 
biomineralization.  How  specific  motifs  within  the  primary 
structure  and/or  post-translational  modifications  of  enamel 
proteins  regulate  enamel  biomineralization  remains,  however,  a 
critical  issue  towards  developing  a  biotechnology  to  produce 
human  enamel. 

Rl  •  3 

BONE  FORMATION;  THE  RULES  FOR  FABRICATING  A  COMPOS. :E 
CERAMIC,  hunold  I.  Caplan,  Skeletal  Research  Center,  l>ept. 
of  Biology,  Case  Western  Reserve  University,  Cleveland,  OH 
44106,  USA 


of  lineage  steps  from  a  stem  cell  through  the  stage  of 
secretory  activity;  a  few  osteoblasts  become  encased  in 
bone  and  are  referred  to  as  osteocytes.  As  a  secretory 
cell,  the  osteoblast  synthesizes  and  extrudes  a  unique 
extJiaczltuiM.  matrix  which  concentrates  calcium  and  phos¬ 
phate  to  form  the  mineral  phase  of  bone.  Our  studies  of 
embryonic  bone  formation  have  uncovered  several  "rules" 
which  govern  the  fabrication  of  bone,  which  is  a  “composite 
ceramic"  of  organic  fibers  (collagen)  and  mineral.  These 
rules  require  that,  for  osteoblasts  to  form  bone,  they  must 
congregate  into  cobblestone-like  sheets  with  capillaries 
near  their  back.  The  capillaries  are  obligatory  to 
oriented  secretion  of  mineral izable  matrix.  Recent  studies 
indicate  that  mineral  itself  can  play  a  profound  role  in 
the  orientation  of  the  osteoblasts  and  the  multiplication 
of  the  osteoprogenitor  cells.  Using  porous  Ca:P  ceramics 
with  marrow  or  marrow-derived  cells,  we  can  demonstrate 
that  substantial  numbers  of  osteoblasts  bind  to  and  are 
organized  at  the  face  of  calcium  phosphate.  Although  few 
in  number,  the  osteoprogenitor  cells  divide  and  eventually 
these  sheets  make  bone  onto  the  surface  of  the  porous 
ceramic.  The  new  bone  is  in  crystalline  alignment  with  the 
ceramic  surface  and  suggests  that  the  ceramic  surface  may 
orient  and  actively  stimulate  the  osteoblasts  to  make  bone. 
In  summary,  the  rules  for  bone  formation  are:  (1)  adequate 
number  of  osteoprogenitor  cells,  (2)  capillaries,  (3) 
sheets  of  osteoblasts,  and  (4)  a  Ca:P  crystalline  surface 
which  supports  de  novo  bone  formation. 

Rl  .4 

CRYSTAL  FORMATION  WITHIN  COLLAGEN  FIBRILS:  A  STUDY  OF 
MINERALIZING  TURKEY  TENDON.  S.  Weiner,  W.  Traub+,  3.  Ntora- 
dian-Olkak*,  L.  Addadi+,  Isotope  and  Structural  Chemistry 
Depts.+,  Weizmarm  Institute  of  Science,  Rehovot,  Israel  and 
W.J.  Landis,  Children; s  Hospital,  Harvard  Medical  School, 
Boston,  MA. 

Collagen  is  the  framework  protein  that  controls  crystal 
formation  in  bone,  dentin  and  terricn.  Carbonate  apatite 
crystals  formed  in  association  with  the  collagen  fibril  are 
all  oriented  with  respect  to  their  c  axes.  Studies  of  mor¬ 
phologies,  sizes  and  electron  diffraction  patterns  of  indi¬ 
vidual  mineral  particles  shows  that  the  crystals  are  not 
unlike  their  synthetic  counterparts.  TEM  images  of  indi¬ 
vidual  mineralized  turkey  tendon  fibrils  embedded  and  exam¬ 
ined  in  vitreous  ice,  show  that  the  crystals  are  arranged 
in  ordered  parallel  layers  that  form  as  stacked  arrays 
across  the  fibril  diameter.  This  motif  is  consistent  with 
the  crystals  graving  in  grooves  ar  channels  formed  by  col¬ 
lagen  gap  regions  being  contiguous  over  large  distances 
fol laving  the  Katz -Li  model.  This  3 -dimensional  organiza¬ 
tional  pattern  can  extend  between  neighboring  fibrils.  Fi¬ 
brils  in  the  process  of  mineralizing  have  crystals  with  a 
wide  range  of  sizes,  many  of  which  extened  beyorxJ  one  gap 
region  in  the  fibril  axis  direction. 

This  study  suggests  that  nucleaticn  of  carbonate  apatite 
crystals  is  a  controlled  process  causing  c  axis  orienta¬ 
tion,  although  it  is  not  known  whether  this  is  inherent  to 
collagen  itself  or  is  due  bo  the  presence  of  seme  addition¬ 
al  oorqponent.  Collagen,  however,  does  not  appear  to  con¬ 
stitute  a  rigid  framework  that  confines  crystal  growth,  but 
rather  influences  it  in  subtle  ways,  which  have  yet  to  be 
determined. 

R1.5 

MINERAL  PHASE  CHARACTERIZATION  FROM  in  vitro 
MINERALIZATION  OF  HUMAN  OSTEOBLASTIC  OSTEOSARCOMA 
CELLS.  E.  P.  Peschalls.  D.  N.  Tetakls.  R.  Dziak 
and  C.  H.  Nanc  o 1 1  as ,  SUNY  at  Buffalo,  Buffalo.  NY 

In  an  attempt  to  devise  an  aaay  and  reliable 
method  for  the  atudy  and  evaluation  of  tha 
factors  affecting  biological  mi nc rel i za t ion ,  the 
characteristics  of  in  vitro  mineral ization  by  two 
human  osteoblastic  oitcoitrcosi  cell-lines  were 
studied.  Saos2  and  G292  cells  wars  aaadad  at  5E-4 
c e 1 1 s/ml  in  McCoy's  5a  medium  with  10%  fatal  calf 
serum  (FCS)  (2ml/well  of  6-well  plate).  After  e 


Bone  Is  formed  In  a  discrete  series  of  fabrication  steps  by 
cells  called  osteoblasts.  Osteoblasts  arise  In  a  sequence 
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72  hr  incubation  period,  the  oediun  was  changed 
to  either  McCoy's  5a  with  10%  FCS  plus  50  pg/ml 
ascorbic  acid  and  10  mM  ^-Glycerophosphate  (test) 
or  sane  without  ^-Glycerophosphate  (control).  At 
1,2,3  and  4  weeks  the  cell  cultures  were  fixed 
with  ethanol.  After  appropriate  treatment, 
samples  were  examined  by  Scanning  Electron 
Microscopy  (SEM) ,  Microprobe  analysis  (EDAX),  X- 
Ray  diffraction  ( XRD )  and  Fourier  -  trans  f  o  rm 
infrared  spectroscopy  (FTIR).  SEM  pictures  were 
taken  of  all  the  samples  examined  by  EDAX.  Only 
calcium  was  observed  by  EDAX  analysis  for  all 
control  and  week  1  test  samples.  Test  samples 
starting  with  the  2nd  week,  showed  both  calcium 
and  phosphorus  present.  XRD  and  FTIR  spectra 
indicated  the  presence  of  an  amorphous  phase  in 
all  test  samples  of  weeks  2-4,  whereas  control 
samples  were  negative.  These  data  suggest  that 
human  osteosarcoma  cell-lines  are  capable  of  in 
vitro  mineralization  and  that,  under  the 
conditions  employed  in  this  study,  the 
mineralized  phase  is  of  an  amorphous  nature. 

We  would  like  to  thank  NIH  for  the  following 
grants  in  support  of  this  work : DE03223 ,  DE08240  , 

DE07034 ,  AR25271 

R1.6 

CERAMIC  OXIDE  THIN  FILM  FORMATION  UTILIZING  BIOLOGICAL 
PROCESSES.  B.  J.  Tarasevich  and  P.  C.  Rieke,  Pacific 
Northwest  Laboratory,  Richland,  Washington  99352 

Mineralization  processes  used  by  bioorganisms  have  been 
adapted  for  the  nucleation  and  growth  of  ceramic  oxide  thin 
films  onto  surfaces  from  aqueous  solutions.  These 
strategies  Include  the  use  of  surfaces  derlvatized  with 
specific  functional  groups  that  control  the  nucleation  and 
growth  and  properties  of  materials  deposited.  Initial 
experiments  have  Involved  the  precipitation  of  iron  oxide 
materials  onto  functionalized  polystyrene  surfaces. 
Deposition  resulted  in  the  formation  of  thin  films  composed 
of  densely  packed,  nanometer-sized  crystallites.  Various 
Iron  oxide  phases  were  precipitated  depending  on  the 
solution  chemistry  conditions;  and  relationships  between 
the  derlvatized  Interfaces  and  the  deposited  minerals  were 
investigated.  Implications  of  this  approach  to  thin  film 
processing  will  be  discussed. 

Rl.7 

A  "BIO-MIMETIC"  ROUTE  TO  BARIUM  TITANATE  SHEETS 
Paul  Calvert.  Department  of  Materials  Science  and 
Engineering,  University  of  Arizona,  Tucson  AZ 
85712,  and  R. A. Broad,  School  of  Chemistry,  Univer¬ 
sity  of  Sussex,  BN1  9QJ,  England. 

Ceramic  oxides  can  be  formed  by  in  situ  precipitation 
in  polymer  films.  A  solution  of  polymer  and 
alkoxide  in  a  common  solvent  is  cast  and  dried  to 
form  a  polymer  film.  Treatment  of  this  film  with 
water  or  base  converts  the  alkoxide  to  oxide 
within  the  polymer.  The  initial  precipitate  is  an 
amorphous  gel  but  this  may  convert  to  a  crystal ine 
precipitate. 

Films  of  polymers  containing  dissolved  barium  and 
titanium  alkoxides  were  cast.  Treatment  with 
water  precipitated  amorphous  particles  but  ex¬ 
tracted  barium.  Treatment  of  the  film  with 
boiling  barium  hydroxide  caused  crystalline  barium 
titanate  to  form  within  the  film. 

Initial  attempts  to  bum  out  the  polymer  and 
sinter  the  particulate  sheet  were  unsuccessful 
because  of  the  low  packing  density  of  the  par¬ 
ticles.  Polybutylmethacrylate  could  be  cast 
alkoxide  levels  corresponding  to  65  wt%  barium 
titanate.  The  polymer  in  this  film  was  burnt  out 
at  600°C  and  the  residue  sintered  at  1330°C  to  a 
dense  barium  titanate  layer. 


An  attraction  of  this  approach  to  making  ceramics 
is  that  it  avoids  problems  due  to  the  formation  of 
hard  agglomerates  since  particles  do  not  come  into 
contact  from  when  they  are  first  formed  until  when 
sintering  starts. 

R1.8 

SYNTHETIC  SURFACES  AS  MODELS  FOR  BIOMINERALIZATION 
SUBSTRATES.  P.  C.  Rieke.  B.  J.  Tarasevich,  S.  B.  Bentjen, 
Pacific  Northwest  Laboratory,  Richland,  WA  99352 

The  structure-function  relationship  between 
biomineralization  proteins  and  the  growing  mineral  phase 
are  difficult  to  study  because  of  the  uncertain 
composition,  complex  surface  structure,  and  very  low 
concentration  of  the  proteins.  Heterogeneous  nucleation 
is  promoted  on  surfaces  which  reduce  the  surface  tension 
between  the  growing  nuclei  and  the  substrate.  On  organic 
protein  surfaces  factors  such  as  ligand  binding  of 
cations,  electrostatic  attraction,  van  der  Walls  forces, 
functional  group  density,  micro-regional  mobility,  and 
degree  of  order  may  play  a  role  In  the  nuclei/substrate 
surface  tension.  Simpler  artificial  surfaces  can 
substitute  as  model  surfaces  for  the  biological  protein 
surfaces  and  provide  a  mechanism  to  systematically  explore 
the  physical  and  chemical  substrate  properties  required 
for  blomineralizatlon. 

We  have  drawn  from  recent  work  on  surface  modified 
polymers,  Langmulr-Blodget  films  and  self-assembling 
monolayers  to  tailor  make  substrates  as  nucleation  and/or 
crystal  growth  substrates.  Sulfonic  acid,  carboxylic 
acid,  and  amine  groups  have  been  attached  to  various 
substrates.  (Processes  for  attachment  of  other  groups 
such  as  phosphates  and  multi-dentate  ligands  are  being 
designed.)  These  three  functional  groups,  a  strong  acid, 
weak  acid  and  weak  base  respectively,  provide  a  convenient 
series  on  which  to  compare  the  growth  of  various  mineral 
phases.  Methods  of  preparing  these  substrates  and  their 
relative  effectiveness  at  promoting  nucleation  and/or 
crystal  growth  will  be  presented. 

R2.1 

CALCIUM  PHOSPHATE  PRECIPITATION  IN  LIPOSOMAL  SUSPENSIONS. 
Edward  D.  Eanes,  NIDR  Research  Associate  Program,  National 
Institute  of  Standards  and  Technology,  Gaithersburg,  MD. 

Artificial  lipid  vesicles  (liposomes)  provide  an  in 
vitro  approach  for  microencapsulating  calcium  phosphate 
precipitation  reactions  in  a  manner  similar  to  that  which 
occurs  in  matrix  vesicles,  the  initial  loci  for 
extracellular  mineralization  in  many  skeletal  tissues. 
Apatitic  precipitates  readily  form  within  the  aqueous 
interiors  of  liposomes  prepared  from  phosphatidylcholine, 
dicetylphosphate,  and  cholesterol  when  the  liposomal 
membranes  enclosing  pH  7.4  buffered  50  mM  P0<  solutions  are 
made  permeable  to  external  2.2  mM  Ca7'  with  ionophores.  If 
the  external  Ca  solution  is  rendered  metastable  with  1.5  mM 
P0<,  the  apatitic  precipitates  rapidly  expand  to  outside  the 
liposomes  as  well. 

Although  originally  developed  as  a  model  for  matrix 
vesicle  calcification,  the  latter  observation  that 
endogenously  formed  precipitates  can  readily  seed  metastable 
solutions  outside  the  liposomes  suggest  that  they  may 
possibly  be  useful  as  vehicles  to  initiate  spatially  uniform 
precipitations  in  complex  aqueous-polymeric  or  gel-like 
suspensions.  The  advantage  that  such  a  system  has  over 
direct  seeding  with  exogenous  apatite  crystals  is  that  the 
onset  of  the  external  precipitation  can  be  controlled  by  the 
lipidic  constituents.  As  an  example,  anionic  lipidic 
membrane  components  such  as  phosphatidylserine  (PS)  can 
delay  seeding  for  several  hours.  This  protraction  in 
initiating  external  precipitation  results  from  PS-mediated 
attractions  with  inner  membrane  surfaces  slowing  movement  of 
endogenous  crystals  to  the  outer  liposome  surface.  Such 
delays  could  be  useful  in  seeding  systems  where  thorough 
dispersion  of  the  reactants  and  setting  of  the  gelling 
components  may  be  desirable  before  precipitation  commences. 
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KINETICS  AND  SOLUTION  CHEMISTRY  OF 
HYDROXYAPATITE  FORMATION.  Paul  W.  Brown 
and  Mark  T.  Fulmer.  Department  of  Materials  Science  and 
the  Materials  Research  Laboratory,  The  Pennsylvania  State 
University,  University  Park,  PA  16802. 

It  is  possible  to  form  hydroxyapatite  at  physiological 
temperature  and  ambient  pressure  by  the  reaction  of 
particulate  acidic  and  basic  calcium  phosphates.  The  reaction 
may  be  viewed  as  occulting  at  a  metastable  ternary  invariant 
point  in  the  system  CaO^Os-^O,  which  involves  the  two 
solid  reactants.  The  invariant  solution  is  unstable  with 
respect  to  hydroxyapatite,  which  precipitates  from  solution. 

The  kinetics  of  the  above  reaction  and  the  morphologies  of 
the  hydroxyapatite  reaction  product  will  be  discussed  within 
the  context  of  the  selection  of  reactants  and  their  respective 
particle  sizes.  The  effects  of  homoepitaxy  on  kinetics  and 
microstructure  will  also  be  considered. 

Because  hydroxyapatite  formation  occurs  by  a  so-called 
"through  solution  mechanism,''  the  specie's  present  in 
solution  may  exhibit  a  strong  effect  on  both  kinetics  and 
morphology.  Effects  of  common  ions  and  biologically 
important  inorganic  ions,  such  as  sodium,  potassium  and 
magnesium,  will  be  discussed. 


THE  NUCLEATI ON  AND  GROWTH  OF  CALCIUM  PHOSPHATE 
ON  SEPARATED  SALIVARY  PROTEIN  FILMS.  A  A 
Campbell  and  C.H.  Nancollas,  University  at 
Buffalo,  Buffalo,  New  York. 

The  ability  of  proteins,  when  immobilized 
as  films,  to  Induce  the  formation  of  calcium 
phosphate  mineral  phases  is  of  considerable 
interest.  The  Constant  Composition  (CC)  method 
has  been  combined  with  a  flow-through  cell  in 
order  to  investigate  the  nucleatlon  and  growth 
of  calcium  phosphate  phases  on  immobilized  films 
of  bacteria,  bacterla/sallva ,  and  separated 
salivary  proteins.  These  additives,  although 
behaving  as  effective  inhibitors  when  present  in 
solution,  nucleate  calcium  phoaphate  phases  when 
deposited  as  layers  on  either  glass  or  germanium 
surfaces.  The  morphologies  of  these  deposits 
show  differences  depending  on  the  nature  of  the 
films.  The  Constant  Composition  method  enables 
detection  of  mineral  deposition  rates  with  a 
precision  impossible  to  achieve  using 
conventional  crystal  growth  kinetics  methods. 
Supported  by  NIDR  #07585  and  NIH  #DE03223. 


crystallites.  An  increase  of  almost  100%  in 
average  particle  size  was  observed  during  the 
uptake  of  proteins  at  the  HAP  surfaces.  Even  at 
very  low  surface  coverage  (0.5-1x10'®  mol  m'^), 
strongly  adsorbing  proteins  markedly  decreased 
the  HAP  growth  rates.  Maximum  Inhibition  was 
found  at  lower  surface  coverage  for  the  cystatins 
compared  to  amylase.  At  surface  coverages 
slightly  greater  than  that  required  for  maximum 
inhibition  it  appeared  that  the  inhibiting 
influences  actually  decreased  as  the 
concentration  of  protein  increased. 

Study  supported  by  NIDR  grant  #  DE07585. 


THE  EFFECTS  OF  PHOSPHOCITRATE  AND  CITRATE  ON  THE 
CRYSTAL  GROWTH  AND  PARTICLE  SIZE  DISTRIBUTION  OF 
HYDROXYAPATITE.  £X — Richardson  M.S.A.  Johnsson 
and  C.H.  Nancollas,  SUNY  at  Buffalo,  Buffalo,  NY. 

Several  organic  phosphates  have  been  found 
to  be  good  inhibitors  of  calcium  phosphate 
precipitation.  It  is  thus  possible  that 
phosphocitrate  may  be  used  as  an  i R  vivo 
inhibitor  of  calcification  processes,  such  as 
tartar  formation.  This  compound  has  been  found 
to  inhibit  the  crystal  growth  of  hydroxyapatite 
(HAP),  the  primary  constituent  of  enamel  A 
detailed  understanding  of  the  various  effects  of 
phosphocitrate  and  citrate,  its  hydrolysis 
product,  on  HAP  may  provide  valuable  information 
regarding  mechanisms  for  the  retardation  of 
tartar  formation. 

In  this  study,  the  affinities  of  citrate  and 
phosphocitrate,  as  well  as  a  mixture  of  both 
compounds,  toward  HAP  were  investigated  by 
equilibration  adsorption  experiments.  The 
eitects  of  both  compounds  on  the  crystal  growth 
properties  of  HAP  were  investigated  using  the 
Constant  Composition  (CC)  method,  which  enables 
precise  kinetic  data  to  be  determined  at  constant 
solution  parameters.  In  these  experiments  known 
amounts  of  each  compound  were  adsorbed  to  the  HAP 
seed  surfaces  prior  to  mineralization. 
Phosphocitrate,  which  exhibited  a  higher  affinity 
toward  HAP  than  did  citrate,  also  showed  greater 
inhibitory  effects  when  present  on  the  HAP 
surface.  The  effects  of  both  compounds  on  the 
flocculation  of  HAP  crystallites  was  studied  by 
following  the  particle  size  distribution  during 

iDE03*22S3°rPti°n  pr°Ce**'  SuPP°rted  by  NIH  grant 


THE  INFLUENCE  OF  SALIVARY  PROTEINS  ON  THE  GROWTH, 
AGGREGATION  AND  SURFACE  PROPERTIES  OF 
HYDROXYAPATITE  PARTICLES. 

M. Johnsson.  C . Richardson ,  G . H . Naneol 1  as . 

Chemistry  Dept.  SUNY  at  Buffalo  N.Y. 14214.  USA. 

The  binding  of  salivary  proteins  to  human 
enamel  maybe  an  important  factor  in  the 
protection  egalnst  demineralization  or  excessive 
m I ne r a 1 lza t i on  .  The  adsorption  at  hydroxyapatite 
(HAP)  surfaces,  of  purified  statherln,  three 
cyststlns  and  amylase  has  been  investigated  in 
saturated  solutions  of  HAP.  The  Influence  of 
these  proteins  on  the  aggregation  of  HAP 
particles  and  the  constant  composition  (CC) 
crystal  growth  rats  of  HAP  in  saturated  solution 
has  also  been  studied. 

Statherln  and  one  cystatln  showed  strong 
adsorption  to  HAP  while  amylase  had  a  weaker 
affinity.  The  adsorption  of  the  proteins 
influenced  both  the  aggregation  of  the  particles 
and  the  rate  of  mineralization  of  HAP 


THE  MICROSTRUCTURES  AND  FORMATION  OF  BIOMINERA¬ 
LIZED  BIVALVIA  SHELLS,  L.J.  Huang  and  H-D.  Li, 
Department  of  Materials  Science  and  Engineering, 
Tsinghua  University,  Beijing,  J00084,  China. 

The  paper  presents  the  detailed  study  of  the 
structural  features  of  the  biomineralized  bival- 
via  shells  and  a  brief  discussion  of  the  growth 
mechansim  of  the  different  shell  layers  through 
a  cell-controlled  deposition  process. 

The  Cristaria  Plicatat Leach) ,  Anodonta  Woodianat 
Lea)  and  Lamprotula  Leai(Grai)  are  selected  as 
the  prototypies  in  the  present  study.  X-ray  dif¬ 
fraction,  Raman  spectroscope,  optical  microscope, 
ESCA,  SEM  and  TEM  are  employed  to  study  the  stru¬ 
ctures  of  the  shells.  It  is  found  that  the  perio- 
stracum,  prismatic  and  pearl  layer  possesses  qui¬ 
te  different  crystalline  phases,  respectively  and 
each  layer  has  more  than  one  co-existed  phases. 
The  structure  of  the  pearl  layer  is  the  most  sim¬ 
ple  one  and  of  a  strong  crystalline  orientation. 
The  prismatic  layer  can  be  further  divided  into 
two  separate  layers  with  a  mismatch  of  two  kinds 
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of  prisms  at  the  interface.  Raman  spectroscopy 
and  ESCA  analyses  show  that  the  biological  mole- 
culars  play  a  nontrivial  role  in  forming  the 
shells. 

TEM  study  of  the  different  parts  of  the  mantle 
cells  revealed  that  the  microstructures  of  the 
cells  and  their  functions  in  the  orientation  de¬ 
position  of  the  crystalline  phases.  The  fracture 
behaviors  of  the  shells  are  also  presented  and 
characterized  with  the  fractal  approach. 

R2.7 

THE  BERNAL  SPIRAL  AS  A  HOVEL  FOR  THE  STRUCTURE  - 
OF  SO ME  BIOLOGICAL  SYSTEMS  .  Gustavo  Vizquez  Po¬ 
lo  and  Miguel  Josl  Vacamdn.  Instituto  de  Fisica. 
Apdo .  Postal  20364,  UN AH . 


fine  organic  grain  boundary  phase.  Scanning  Electron  Microscopy 
is  used  to  show  that  the  microstructure  consists  of  hierarchical 
arrays  of  lamellae,  typical  of  the  crossed-lamellar  microstructure. 
Examination  of  the  finest  units  using  Transmission  Electron  Mi¬ 
croscopy  reveals  repeated  twinning  on  the  (110)  plane.  These  twins 
have  an  average  width  of  5  nm  with  planar  boundaries  parallel  to 
the  twin  plane.  The  atomic  structure  of  these  boundaries  revealed 
using  diffraction  contrast  and  HREM  suggests  that  they  arise  as 
a  result  of  growth  geometry  rather  than  by  any  deformation  twin¬ 
ning  mechanism.  These  features  and  other  defects  in  the  laths  are 
used  to  deduce  possible  growth  mechanisms. 

R2.10 

THE  MICROINDENTATION  BEHAVIOR  OF  SEVERAL  MOL- 
LUSK  SHELLS,  V.J.  Laraia,  Jr.  and  A.H.  Heuer,  Department  of 
Materials  Science  and  Engineering,  Case  Western  Reserve  Univer¬ 
sity,  Cleveland,  OH  44106. 


It  was  pointed  out  by  Boerdijk  that  a  spiral  — 
structure  can  be  generated  by  an  array  of  tetra- 
hedra.  This  sts.uctu> te  was  popularized  by  Bernal. 
It  is  shown  that  by  the  susecuent  growth  of  dif¬ 
ferent  tetrahedra  spiral  structure  formed  by  de- 
cahedra  and  icosahedra  can  by  produced.  These  - 
structures  were  termed  decagonal  and  icosahedral 
spiral  respectively .  The  diffraction  pattern  -- 
from  those  structures  was  calculated  and  it  was- 
shown  the  five  fold  simetry  and  intrinsic  incon- 
mensurability  oj(  the  patterns.  It  is  suggested- 
that  m any  structures  in  the  Botanic  world  and  -- 
some  virus  structures  can  be  modelled  by  the  de¬ 
cagonal  and  icosahedral  spirals.  The  icosahedral 

spiral  appears  a  likely  model  to  explain  the  - 

structure  of  some  metallic  glasses  and  of  quasi¬ 
crystals  aproximants . 

R2.8 

MECHANICAL  P  ROPE  RTY-  M I C  ROSTR  U  CTU  RA  L  RELA¬ 
TIONSHIPS  IN  ABALONE  SHELL.  Mehmet  Sarikaya,  Katie 
Gunnison,  and  Ilhan  A.  Aksay,  Dept,  of  Materials  Science  and  En¬ 
gineering,  University  of  Washington.  Seattle,  WA  98195. 

Both  the  fracture  toughness  and  strength  properties  of  the  species 
Haliotis  refuscens  (red  abalone)  shell  in  the  nacre  section  display  a 
unique  combination  of  properties  (Kic.  three-point-bend,  of  ~  10 
MPa-ml/2,  and  fracture  strength,  four-point  bend,  of  ~  200  MPa). 
These  properties  are  related  to  the  layered  microstructure  of  the  shell 
which  is  composed  of  CaCOj  (95  v/o)  and  organic  matter  (5  v/o)  in 
the  "brick-and-mortar"  configuration.  Several  toughening  and 
strengthening  mechanisms  take  part  in  the  property  increase  which 
are  related  to  the  microarchitecture  of  this  natural  ceramic/polymer 
composite.  The  consequences  of  these  results  in  the  design  and 
processing  of  synthetic  components  will  be  discussed. 

Supported  by  AEOSR  Gram  No.  AFOSR-88-0135. 

R2.9 

AN  ELECTRON  MICROSCOPY  STUDY  ON  THE  MICRO¬ 
STRUCTURE  OF  THE  STROMBVS  GIGAS  SHELL,  V.J. 
Laraia.  Jr..  M.  Aindow  and  A.H.  Heuer,  Department  of  Materials 
Science  and  Engineering,  Case  Western  Reserve  University,  Cleve¬ 
land,  OH  44106. 

Numerous  organisms  exhibit  the  ability  to  manufacture  struc¬ 
tural  ceramic-polymer  composites  such  as  bone  or  shell.  These  bi¬ 
ological  hard  tissues  are  of  considerable  materials  interest  as  they 
are  fabricated  from  physiologically  abundant  precursors  at  near 
ambient  conditions.  In  this  Tight,  it  is  important  to  understand 
the  mechanisms  by  which  these  tissues  are  formed  in  order  that 
biological  mineralization  processes  may  be  utilized  or  imitated  in 
the  manufacture  of  structural  ceramic  composites. 

An  electron  microscopy  study  is  presented  of  the  shell  from 
the  saltwater  mollusk  Stromius  ft  gas.  This  material  is  composed 
mostly  of  aragonite,  the  orthorhombic  polymorph  of  CaCOj,  with  a 


Biological  hard  tissues  are  ceramic-polymer  composites  that 
employ  a  variety  of  microstructural  designs,  and  possess  extraor¬ 
dinary  mechanical  properties.  For  example,  mollusk  shell,  which 
usually  contains  a  very  large  fraction  of  the  ceramic  phase  (CaC03) , 
can  have  greater  strength  and  toughness  than  many  conventional 
ceramic  materials.  However,  incompatibility  between  standard  test 
specimen  geometries  and  typical  shell  morphologies  can  cause  dif¬ 
ficulties  in  evaluating  the  mechanical  behavior  of  these  materials. 
These  difficulties  may  be  compounded  by  the  fine  scale  and  highly 
ordered  (anisotropic)  nature  of  the  microstructures.  Microinden¬ 
tation  techniques  provide  information  regarding  bulk  mechanical 
properties,  such  as  hardness.  Tests  of  this  kind  can  also  evaluate 
the  mechanisms  of  deformation  and  fracture  in  a  locallized  manner 
and  permit  a  direct  assessment  of  anisotropy  in  mechanical  be¬ 
havior.  The  results  of  Vickers  and  Knoop  microindentation  exper¬ 
iments  are  reported  for  shells  exhibiting  four  distinct  microstruc¬ 
tural  types;  nacreous,  crossed-lamellar,  prismatic  and  foliated.  The 
microstructural  features  are  shown  to  play  a  crucial  role  in  de¬ 
termining  the  morphology  and  extent  of  the  damage  zones  about 
an  indentation.  Examples  of  delamination-induced  lateral  crack¬ 
ing,  radial  cracking  along  weak  boundaries,  and  room  temperature 
creep  are  discussed. 

R3.1 

MATERIALS  SYNTHESIS  UTILIZING  BIOLOGICAL  PROCESSES. 

Georye  M  Whitesides.  Department  of  Chemistry,  Harvard 
University,  Cambridge,  MA  02139 


This  talk  will  summarize  some  of  the  methods  of 
biological  synthesis  of  materials,  including  enzymology, 
fermentation  and  isolation  from  natural  sources. 

The  techniques  of  recombinant  DNA  technology  offer,  in 
principle,  a  range  of  new  approaches  to  biological 
processing  and  to  biologically-derived  materials.  The 
question  of  immediate  current  concern  is;  "What  materials 
for  what  applications?"  Some  of  the  intrinsic  properties 
of  biologically  derived  materials  will  be  discussed  as 
background  for  answers  to  this  question. 

R3.2 

THE  USE  OF  PROTEINS  IN  THE  SYNTHESIS  OK  POLYMERS  AND 
THE  MODIFICATION  OF  SILICON  SURFACES  Lynn  Oehler,  Chris 
Hobbs,  Mark  Mastandres  and  Mark  Brdnarski  Depanmcm  of  Chemistry  and 
The  Center  for  Advanced  Materials,  Lawrence  Berkeley  Laboratories  University  of 
California,  Berkeley  94720 


Proteins  are  a  potentially  valuable  class  of  catalysts  <o  synthesize  polymers  and  new 
materials.  We  are  engaged  in  a  program  to  use  enzymatic  methods  of  polymerization  and 
surface  modification  to  prepare  new  polymeric  materials  form  unnatural  monomers.  This 
methodology  combines  the  power  of  chemical  synthesis  with  ihe  stereoselectivity  of 
enzymatic  polymerization  reactions.  This  paper  will  focus  on  the  progress  we  have  made 
in  the  areas  outlined  below. 

1 )  The  chemical -enzymatic  synthesis  of  fluortnaied  and  sulfated  polysaccharides  using 
glycogen  phosphorylase,  sucrose  phosphorylase  and  lysozyme: 


X-  X-Z'X'X 

2)  The  chemical  and  enzymatic  modification  of  semiconductor  materials  and  other 
polymers,  and  the  use  of  these  materials  to  study  the  imerfacial  properties  associated  with 
the  binding  of  bacteria  and  viruses: 
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3)  The  future  design  of  proteins  to  synthesize  carbon  polymers: 


Carta*  Ptlymr 


R3.3 

POLYMER  SYNTHESIS  BY  FREE  RADICAL  ENZYME  COUPLING 
REACTIONS  IN  SOLVENTS.  J.  A.  Akkara,  K.  Seneca  1,  and 
D.  L.  Kaplan,  US  Army  Natick  RD&E  Center,  Natick,  MA 
01760-5020. 

Polymers  were  synthesized  from  phenolic  and  aromatic  amine 
compounds  in  the  presence  of  hydrogen  peroxide.  These 
reactions  were  catalyzed  by  horse-radish  peroxidase  in 
organic  solvents  with  small  amounts  of  water  at  room 
temperature.  Conditions  for  the  synthesis  of  polymers  with 
respect  to  reaction  time  and  yield  were  studied  with  a 
number  of  monomers  at  different  concentrations  and  solvents 
with  different  buffers  over  a  pH  range  of  5.6  to  7.5. 
Polymers  were  prepared  from  para  pheny lphenol ,  1-,  and 
2-naphthols,  1,3-  and  1,5-naphthalene  diols,  aniline, 
benzidine,  8-hydroxyquirtol ine  and  isoquinoline  either 
alone  or  in  combinations.  Physico-chemical  properties  of 
these  enzymatically  synthesized  polymers  were  determined 
with  respect  to  their  melting  point,  solubility,  electrical 
conductivity,  elemental  analysis,  viscosity,  molecular 
weight  distributions,  infrared  absorption  (including  FTIR), 
thermal  gravimetric  analysis  and  differential  scanning 
calorimetry.  These  enzyme  catalyzed  reactions  produced 
polymers  of  molecular  weight  greater  than  500,000  without 
copolymerizing  agents  such  as  formaldehyde.  Moreover 
these  coupling  reactions  were  carried  out  under  mild 
conditions  of  pH  and  temperature.  In  general  the  polymers 
synthesized  have  low  solubility,  high  melting  points  and 
some  degree  of  cross  linking.  These  properties  were 
further  evaluated  after  chemical  modifications  of  the 
polymers. 

R3.4  ABSTRACT  NOT  AVAILABLE 
R3.5 

BIOCATALYTIC  SYNTHESIS  OF  POLYESTERS  BY  ENZYME-CATALYZED 
TRANSESTERIFICATION  IN  ORGANIC  MEDIA.  Cary  J.  Mcmow,  J.  Shield 
Wallace,  Gregory  M.  Bybee,  Kristin  B.  Reda,  and  Mark  E.  Williams,  Depart- 
mertt  of  Chemistry,  University  of  New  Mexico,  Albuquerque,  NM  87131 

Transesterification  polymerization  of  bis(2,2,2-trichlorocthyl)  or  bis(2,2,2- 
trifluoroethyl)  alkanedioates,  1,  with  alkanediols,  2,  can  been  effected  at 
ambient  temperature  in  organic  solvents  (e.  g.f  ether,  THF,  hexane/ 
methylene  chloride)  using  porcine  pancreatic  lipase  (PPL)  as  the  catalyst. 
Molecular  weights  of  the  resulting  [AA  +  BB)^  polyesters  approach  16,000  and 
polydispersities  are  usually  narrow. 

CX3CHjOC(OKCH2)nC(0)OCH2CX3  HOCH2-Z-CH2OH 

X  -  F,  Cl  n  -  3,  4  Z  -  (CH2)2  ,  (CH2)<  ,  c-C6H,0 

1  2 
Using  racemic  bis(2,2,2-trichloroethyl)  trans-3,4-epoxyhexanedioate,  3  as  the 
diester  monomer  and  1,4-butanediol,  2,  Z  ■  (CH2)2  as  the  diol  monomer 
leads  to  an  optically  active  polymer  having  an  average  degree  of  polymeriza¬ 
tion  of  25  repeat  units  and  a  stereochemical  purity  estimated  to  be  296% . 

Ca3CH2OC<0)CH3u  JO  CX3CH20C(0)<CH2)n0H 

*?-— <?  X-F,  a  n-2.4,5,  9,  11 

H  'cHjQOJOCHjCCIj  4 

The  method  ha*  been  extended  to  preparation  rtf  A-B  oligomers  and  polymers 
using  Irichlonielhyl  and  trifluoroethyl  w-hydroxyalkjnoatt  monomers,  4. 


Analysis  of  the  progress  of  these  polycondensalions  by  high  field  NMR,  VPC, 
and  GPC,  while  Ihey  are  under  way,  suggests  the  AA  +  BB  cases  may 
proceed  preferentially  through  a  "trimer"  terminated  at  both  ends  by  hydroxyl. 
An  addition  polymerization  mechanism,  in  which  the  starting  monomer  is 
present  throughout  the  polycondensation,  is  suggested  for  the  A-B  case. 

The  effect  of  monomer  structure,  various  reaction  conditions,  and  the 
apparent  mechanisms,  on  the  rate,  degree  of  polymerization,  regioselectivity, 
and  stereoselectivity,  of  the  polymerizations  will  be  discussed. 

R3.6  ABSTRACT  NOT  AVAILABLE 
R3.7 

ENZYMES  AS  AIDS  IN  POLYMER  SYNTHESIS.  G.  Sudesh 
Kumar,  Alchemie  Research  Centre,  P.  0.  Box  1SS, 
Thane  -  400  601,  INDIA. 

Polymer  synthesis  involving  biocatalytic  steps 
is  an  attractive  route  to  chiral  polymers, 
stereoregular  polymers  etc.  Currently  evolving 
non-aqueous  enzyme  chemistry  is  a  valuable 
tool  in  macramolecular  design. 

CXir  work  represents  a  novel  enzyme-assisted 
synthesis  of  chiral  polymers  Involving  oxime 
acrylates  as  efficient  irreversible  acyl 
transfer  agents  and  offers  e  novel  biocatalytic 
intermediacy  in  macromolecular  design. 

We  report  procine  pancreatic  lipase  as  an 
effective  biocatalytic  aid  in  the  design  and 
synthesis  of  alkyd  resins  from  vegetable  oils. 

The  1,3  specificity  of  lipases  produces  2- 
monoglycerides  resulting  in  uniform  molecular 
order  of  the  polymer. 

R3.8 

Enzymatic  ayntheala  ol  chiral  lacionat  and  polyesters 

Aria  t.  Gutman 
0epaMm.nl  of  Chemistry 
Technlon  -  Israel  Institute  of  Technology 
Haifa  32000,  tarsal 


It  it  now  well  established  that  hydrolytic  enzymes  can  funciton  m 
anhydrous  organic  solvents,  where  they  catalyse  ester  synthesis  and 
•star  exchange  rather  than  hydrolysis 

Ws  have  lound  that  upases  suspandad  In  organic  sonants  arp 
eatatytically  acliva  towards  sstars  of  hydroxyacids  and  promote  both 
tha  Infra  and  tha  rnrermofecufar  transestenfication  raachons.  leading 
lo  lactonas  and  polymers  raspactnraiy.  Tha  outcome  depended  on  the 
chain-length  and  degree  ol  substitution  of  the  substrate.  H  i  five- 
membered  lactone  oould  be  formed,  this  was  tha  exclusive  product  A 
six-memberad  lacton*  was  formed  only  if  substituted  in  the' 8  position. 
With  shorter  (n«2)  or  longer  <n>3)  cnam-iengm  hydroxyaatars  wa 
observed  formation  el  linear  polymers.  Using  this  appnoech  wo  havo 
prepared  several  polyesters,  which  I n  soma  cases  contained  mors  than 
100  mononur  units  (M  W.»to,000). 
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Our  study  shows  that  under  those  conditions  the  enzymes  sxhrbit  both 
onanttosaloctivtty  and  prochirat  selectivity  and  It  provides  a  novel 
syntheie  route  to  chiral  lactonas  and  polymers.  Them  rs actions  ore  not 
possible  m  aqueous  solutions  whore  hydrolysis  dominates 
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R4.1 

SITE-DIRECTED  MUTAGENESIS  FOR  THE 
DESIGN  OF  ENZYMES  FOR  MATERIALS 
SYNTHESIS.  Jack  F.  Kirsch  and  Mark  Alper. 
Center  for  Advanced  Materials,  Lawrence  Berkeley 
Laboratory  and  Department  of  Biochemistry, 
University  of  California  at  Berkeley,  Berkeley,  CA 
94720 


Enzymes  produced  by  living  organisms  have  been 
designed  by  evolution  to  perform  under 
physiological  conditions.  The  demands  of  this 
environment  are  very  different  from  those  that 
would  allow  for  synthesis  of  useful  materials. 
Enzymes  that  would  be  useful  in  materials  synthesis 
must  bind  substrates  that  are  likely  to  be  quite 
different  from  cellular  metabolites.  Thus  their 
active  sites  must  be  altered.  Further,  enzymes  that 
would  be  useful  in  materials  synthesis  must  have 
enhanced  stability,  including  resistance  to  higher 
temperatures.  This  talk  will  summarize  some 
recent  results  using  site-directed  mutagenesis  to 
make  predetermined  changes  in  the  amino  add 
sequence  of  enzymes  to  alter  their  substrate 
spedfidty  and  to  enhance  their  thermal  stability. 


R4.2 


SITE-SPECIFIC  MUTAGENESIS  WITH  UNNATURAL  AMINO  ACIDS. 

Spencer  J.  Anthonv-Cahlll;  Christopher  J.  Noren;  Michael 
C.  Griffith;  Daniel  J.  Suich;  Stephanie  A.  Robertson; 
Wenchuan  Liang;  and  Peter  G.  Schultz,  Center  for  Advanced 
Materials,  Lawrence  Berkeley  Laboratory  and  Chemistry  Dept., 
University  of  California,  Berkeley,  CA,  94720. 


Recently  a  new  method  was  described  that  extends  the 
technique  of  oligonucleotide-directed  mutagenesis  by 
allowing  for  site-specific  Incorporation  of  unnatural  amino 
acids  into  proteins.  A  chemically  acylated  suppressor  tRNA 
inserts  the  desired  unnatural  amino  acid  into  the  growing 
peptide  chain  in  response  to  an  amber  (UAG)  stop  message 
which  can  be  generated  at  the  codon  in  the  gene  corresponct'ag 
to  the  amino  acid  residue  of  Interest.  Using  this 
methodology  we  were  able  to  substitute  phenylalanine  66  in 
RTEM  B-lactamase  with  three  phenylalanine  analogs  (Science, 
1989,  24 4.  182).  These  results  as  well  as  recent  attempts 
to  optimize  the  methodology  will  be  discussed. 

R4.3 

MODIFICATION  OF  PROTEASES  FOR  PEPTIDE  SYNTHESIS.  Jeffrey  A. 
Bibbs,  Zlysng  Zhong;  and  Chi-Huey  Wong,  Center  for  Advanced 
Materials,  Lawrence  Berkeley  Laboratory,  Berkeley,  CA  94720 
and  Department  of  Chemistry,  Texas  A&M  University,  College 
Station,  Texas 


Serine  proteases  are  modified  via  active-site  mutation  to 
possessuseful  catalytic  properties  for  polymerization  of 
amino  acid  esters  and  for  condensation  of  peptide  segments. 
Several  helical  segments  have  been  designed  and  synthesized 
for  use  as  substrates  for  enzymetic.'polymsrizatlon. 


statistical  nature  of  polymerization  processes.  As  a  result,  the  polymers 
currently  in  use  are  not  pure  materials,  but  instead  are  mixtures  char¬ 
acterized  by  distributions  of  the  important  structural  variables  (molecular 
weight,  composition,  sequence  and  stereochemistry).  The  preparation  of 
pure  polymeric  materials,  and  the  use  of  polymers  in  applications  that 
require  precise  structural  control,  can  be  realized  only  through  the  intro¬ 
duction  of  new  synthetic  methods.  With  this  in  mind,  we  have  begun  to 
develop  molecular  biological  approaches  to  the  preparation  of  new  poly¬ 
meric  materials.  The  fidelity  of  protein  biosynthesis,  coupled  with  recent 
advances  in  the  synthesis,  cloning  and  expression  of  genes,  offers  the 
prospect  of  a  new  synthetic  technique  of  unprecedented  precision  and 
remarkable  scope.  This  lecture  will  describe  the  design,  synthesis  and 
expression  of  several  new  families  of  genes  that  encode  amino  acid 
copolymers  of  some  potential  interest  in  materials  science. 

R4.5 

SYNTHESIS  OF  A  COLLAGEN  ANALOG  IN  ESCHERICHIA  CPU  USING 
RECOMBINANT  DNA  TECHNOLOGY.  Ini  Goldbara  and  Anthony  0. 
Salgrno,  AlU#d-S1gn*1  Inc.,  Morristown,  NJ. 

Recombinant  DNA  tochnlquos  offer  a  rapid  Mthod  for 
obtaining  large  quantities  of  structural  proteins  such  as 
collagen.  Poly(Gly-X-Y)  can  In  principle  be  prepared  by 
expressing  an  Internally  repetitive  synthetic  gene  In  a 
suitable  Microbial  host.  Such  proteins,  however,  tend  to  be 
unstable  due  to  the  action  of  host  proteases  which 
recognize  foreign  polypeptides.  In  addition,  highly 
repetitive  nucleotide  sequences  can  undergo  deletions  at 
high  fraquancy  In  £.  coll . 

Me  constructed  a  family  of  synthetic  genes  coding  for 
poly(Gly-Pro-Pro)  which  differ  only  In  the  number  of 
repeating  gene  segments  coding  for  the  trlpetlde  unit.  The 
id  vivo  levels  of  synthetic  gene  expression  obtained  show 
that  the  above  polypeptide  can  be  synthesized  In  £.  coll 
but  is  labile  compared  to  other  cellular  proteins.  This 
degradation  can  be  significantly  reduced  by  the  genetic 
Inhibition  of  a  bacterial  protaasa  system. 

The  synthetic  collagen  analog  gene  was  observed  to  be 
highly  unstable  In  £.  coll,  deleting  at  9-basa-palr 
Intervals  which  correspond  to  one  Gly-Pro-Pro  unit. 
Experiments  are  currently  In  progress  to  analyze  the 
various  factors  which  may  contribute  to  this  genetic 
Instability.  Elucidating  the  processes  which  control  the 
stability  of  synthetic  genes  and  their  corresponding 
proteins  Is  essential  for  the  future  coMBHrclal  production 
of  novel  biomaterials  In  microorganisms. 

R4.6 

BIOLOGICAL  PRODUCTION  OF  UNIFORM  POLYPEPTIDES 
FOR  OPTICAL  APPLICATIONS.  Carl  W.  Lawton.  and 
Herbert  E.  Klei,  Department  of  Chemical 
Engineering;  Linda  D.  Strausbaugh,  Department  of 
Molecular  and  Cell  Biology,  University  of 
Connecticut,  Storrs,  CT;  Robert  Crane,  Materials 
Science  Group,  Wright  Patterson  Air  Force  Base, 
Dayton,  OH. 

Recent  advances  in  recombinant  DNA  technology 
have  created  the  potential  for  engineering  of 
protein  molecules  to  specific  uses  beyond  those 
normally  considered  for  biomaterials.  This 
research  project  has  demonstrated  the 
feasibility  of  producing  polypeptides  useful  for 
laser  filters  and  nonlinear  optical 
applications. 


R4.4 

GENETICALLY  CONTROLLED  SYNTHESES  OF  NEW  POLYMERIC 
MATERIALS.  Maurille  J.  Fournier  and  Thomas  L.  Mason,  Department  of 
Biochemistry,  and  Kevin  P.  McGrath  and  David  A.  Tirrell.  Department  of 
Polymer  Science  and  Engineering,  University  of  Massachusetts,  Amherst, 
MA  01003. 

Chemical  methods  of  polymer  synthesis  are  inherently  limited  by  the 


Synthetic  genes,  ranging  in  sice  from  36  to  2000 
base  pairs,  have  been  constructed  from 
oligonucleotides  using  a  restriction  doubling 
technique.  The  synthetic  genes  havs  been 
inserted  into  a  Protein  A  fusion  expression 
system.  Fused  polypeptides  from  induced  cells 
have  been  purified  by  affinity  chromatography 
(IGG) ,  cleaved  with  cyanogen  bromide,  and 
analyzed  for  sequence  fidelity. 
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R4.7  ABSTRACT  NOT  AVAILABLE 


R4.8 

ELASTOMERIC  POLYPEPTIDE  BIOMATERIALS: 

Dan  W,  Lirry.  Laboratory  of  Molecular  Biophysics, 

School  of  Medicine,  University  of  Alabama  at  Birmingham, 

Birmingham.  Alabama. 

Increasingly  the  term  biomaterlals  has  the  added  meaning  of 
materials  from  biology.  Two  aspects  of  this  sense  of 
biomaterlals  are:  1)  as  this  symposium  features,  materials 
made  by  biological  (enzymatic)  means,  and  2)  as  presented  In 
this  report,  biological  polypeptide  materials  which  may  be 
made  either  by  chemical  or  biological  means.  Poly  (Vat-Pro- 
Gty-Vat-Oly)  Is  a  prominent  member  of  this  new  class  called 
elastomeric  polypeptide  biomaterials  which  have  both  medical 
and  Industrial '  applications.  Interesting  potential  Industrial 
applications  are  due  to  their  capactly  to  function  at 
chemomechanical  transducers.  This  property  is  due  to 
hydration  mediated  a  polar-polar  interaction  free  energies 
which  provide  for  an  officiant  interconversion  of  chemical 
work  and  mechanical  work  and  which  provides  fundamental 
driving  forces  for  protein  folding  and  assembly.  The  potential 
medical  applications  arise  out  of  adjustable  compliance,  tissue 
compatibility,  biodegradability  with  non-toxic  products,  ease 
of  Introduction  of  chemo tactic  and  cell  attachment  peptides  for 
directed  tissue  response.  These  properties  sHow  consideration 
of  temporary  scaffoldings  for  reformation  of  natural  artery, 
ligament,  akin,  etc.  These  bfomatenais  can  be  designed  to 
elicit  desired  tissue  responses. 

R4.9 

THE  GENETIC  PRODUCTION  OF  SYNTHETIC  CRYSTALLINE 
PROTEIN  POLYMERS.  Joseph  Cacoello.  Magda  Marquet  and  Franco 
Ferrari;  Protein  Polymer  Technologies.  Inc..  10655  Sorrento  Vty.  Rd., 
San  Diego.  CA,  92121. 

Genetic  and  protein  engineering  are  components  of  a  new  polymer 
chemistry  which  provide  the  tools  for  producing  macromoiecular 
polyamide  copolymers  of  dhrersity  and  precision  far  beyond  die  current 
capabilities  of  synthetic  polymer  chemistry.  The  genetic  machinery 
allows  molecular  control  of  chemical  and  physical  chain  properties. 
Nature  has  utilized  this  control  to  formulate  protein  polymers  Into  fibers 
with  extraordinary  mechanical  properties  such  as  the  strength  and 
toughness  of  site  and  the  elasticity  and  resilience  of  mammalian  eiastin. 
The  protein  chains  which  make  up  these  fibers  consist  of  extensive 
repealing  ofigopeptide  sequences.  By  producing  synthsdcaly  designed 
protein  chains  containing  many  tandem  repeats  of  only  one  repetitive 
sequence  block  (homoblock  polymers),  we  are  able  to  evaluate  the 
inherent  contribution  of  each  repeat  to  the  overal  material  properties. 
Using  biotechnology,  we  have  produced  homoblock  protein  polymers 
consisting  exclusively  of  silk- like  crystaWne  blocks  in  quantities 
sufficient  for  material  evaluation  studies  (10  to  100  grams).  Silk-Ike 
homoblock  polymers,  as  produced  by  microbial  fermentation,  exhfoit 
measurable  crystaSnity  both  In  solution  and  In  tofid  stale.  The  chain 
properties  of  the  homoblock  polymer  can  be  changed  by  adding  blocks  of 
amino  adds  designed  to  contribute  different  structural  properties.  We 
have  produced  alternating  copolymers  of  various  amounts  of  sSk-Hke  and 
elastin-lke  blocks  ranging  from  a  ratio  of  1:4  to  2:1,  respectively.  The 
crystallinity  of  each  copolymer  varies  with  the  extent  of  crystalline 
block  interruption.  The  abHty  to  specifics »y  engineer  the  mechanical 
properties  of  ■  fiber  material  «  a  potential  outcome  ot  this  technology. 
R4.I0 

THE  EXPRESSION  np SILK  LIKE  PROTON  BY  E.COU  VIA  SYNTHETIC 
GENE  EXPRESSION.  NicbobaV.  A*ky,P\C<xw*«*Oit»o-Tcct»o*ofy, 
Cambridge  Laboratory.  Mdfcoorn,  Roymoa,  Hero.  SO*  SDF,  UK 

Sift  is  <  prows  Sbm  produced  by  spiwiai  which  is  prodeced  roeaiOy  by  the 
Isrvserf  the  gflatoEIMi  twit  wdmeey  edit  AideopoM.  Tbs  BflBtaoJKli 
modi  hrm  lyaitieriero  as compoeesa  drift  tsridelm body  mi esaedeedwe 
ia  the  fans  of  sSbro  of  rift  which  it  rotas  knot  cocoon.  The  IjhB  rift  fibre 
cooomo  of  twin  tMorooroo  of  ftp  protein  fibroin  which  ao  coowwd  or  plead 
ropodMr  by  dw  promo  rorida.  TharoatMhcocooai  Merit  bait  cfcoronareU 


namnl  site  production:  the  larvae  prodoce  fibres  wiih  a  conpooition  and  arucare 
that  result  in  namnl  rift  having  a  unique  com  bintbon  of  properdea  of  strength, 
softness  and  lustre,  which  cannot  be  matched  by  oonvaxxxal  aunmtde  fibres. 

Production  of  natural  silk  from  these  moth  larva,  however,  is  tjmnwt  both  in 
tjuanury  and  quality  fry  jeographic*!,  pointed  and  other  boon.  As  a  result,  the 
supply  of  natural  silk  is  limited  and  poees  are  high.  The  objective  of  our  work  is 
to  fadtiwe  production  of  silk-like  structural  proteins,  based  on  the  proton  fibroin 
of  (he  silk  fibre  produced  by  the  larvae  of  the  Bomber  men  moth,  and  silk 
produced  by  various  spiders.  We  ultimately  inroad  to  produces  family  of  silk-like 
proteins  with  superior  physical  properties  to  those  fotmd  in  nautre. 

Initially,  a  synthetic  fene  coding  for  the  amino  acid  sequence 
(G  AG  AGSGGAAG(G  AG  AGS),  Y)  was  constructed  to  code  tor  the  block  of  59 
aainoaeide  which  comprise  the  sryssflme  domain  of  sift.  This  was  mterepiiced 
with  DNA  to  represent  the  amorphous  region  of  the  silk  protein. 

The  synthetic  gene  was  33kbm  size  and  cloned  in  Ejoii.  A  silk  like  protein  was 
expressed  The  silk  has  been  extracted,  dissolved  and  fibres  extruded 

R5.1 

BIOPOLYMERIZATION  AND  BIOCRYST ALL1ZATION  EVENTS 
LEADING  TO  THE  ASSEMBLY  OF  A  CELLULOSE 
MIC ROF1BRIL.  R.  Malcolm  Brown,  Jr.,  Department  of 
Botany,  The  University  of  Texas  at  Austin,  Austin,  Texas  7X712. 

Until  recently,  very  little  was  known  of  the  steps  leading  to 
the  biopolymerization  of  glucose  units  to  form  the  B  1,4-linked 
giucan  chain,  the  backbone  of  cellulose,  nature's  most  abundant 
macromolecule  and  structural  material.  In  addition,  almost 
nothing  was  known  about  the  subsequent  crystallization  events 
leading  to  the  assembly  of  the  cellulose  microfibril.  Now, 
polymerization  as  been  accomplished  m  vitro  using  a  cell  free 
enzyme  system.  Interestingly,  the  m  vitro  synthesized  giucan 
chains  crystallize  to  form  the  cellulose  II  allomorph.  In  vivo 
synthesis  usuaually  yields  the  less  thermodynamically  metastable 
cellulose  I  allomorph;  however,  some  living  organisms  such  as 
the  bacterium,  Sarcina  and  the  marine  alga,  Halicystis, 
synthesize  cellulose  II  in  vivo. 

The  site  of  cellulose  microfibril  assembly  is  known  as  the 
terminal  complex  (=TC)  which  was  first  elucidated  using  freeze 
etch/electron  microscopy.  TC's  are  associated  with  the  cell 
membrane  and  often  form  elaborate  geometrical  assemblies  of 
subunits  which  may  control  the  crystalline  allomorph,  size  and 
shape  of  the  microfibril,  degree  of  polymerization,  etc. 

This  presentation  will  demonstrate  the  interesting  relationship 
between  the  macrostructure  of  the  enzyme  complex  and 
structure  of  its  cellulosic  product,  the  microfibril.  From  a 
structural  point  of  view,  this  process  is  one  of  nature's  most 
precise,  genetically  regulated  bioprocesses,  having  existed  since 
the  early  evoution  of  life  on  earth  and  diversified  throughout 
the  eons  of  time  to  be  found  among  prokaryotic  cells,  plant 
cells,  protists,  animals,  and  possibly  humans. 

R5.2 

Development*  in  modern  biotechnology  make  stereo- 
end  chiral -specific  production  of  macromolecules 
with  highly  complex  structures  potentially  possible. 

Thus,  functional  polymers  can  now  be  produced 
precisely  according  to  design.  Biological 
macromoleeule*  and  systems  unique  for  the  specific 
and  intricately  controlled  functions,  provide 
working  models  for  the  description  and  analysis  of 
specific  functions.  The  structure-property-function 
relationship  becomes  the  critical,  fundamental  basis 
for  the  rational  design  of  functional  biopolymers. 

The  structure-property-functlon  relationship,  the 
characterization,  analysis  and  prediction  of 
physical  properties  Involved  in  molecular  design  are 
examined  with  the  examples  of  flocculants  (xooglan), 
dewatering  aoents  (chttostn),  spacefilling  agents 

Slucen  particles)  and  high-performance  lubricants 
yaluronlc  acid). 

Title i  Design  and  XngmaAring  ai  Biopeiyaer 
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R5.3 

CHARACTERIZATION  OF  CHITOSAN  BIOSYNTHETIC  ENZYMES  IN 
MUCOR  ROUX I I .  Stephen  J.  Loghzrdl.  Steven  Arcidlacono, 
and  David  1.  Kaplan.  US  Army  Natick  Research,  Development 
and  Engineering  Center,  Natick,  MA  01760-5020 


well  understood.  The  co-crystallization  of  the  butyrate  and 
valerate  units  is  responsible  for  the  observed  isodimorphism  in 
this  series.  It  has  the  effect  of  allowing  high  crystallinity  at  all 
compositions  for  the  PH  BA/  family.  However,  the  crystals  have 
conformational  disorder  which  contributes  favourably  to  the 
toughness  characteristic  of  the  copolymers. 


The  enzymatic  processes  regulating  the  biosynthesis  and 
deacetylation  of  chit  in  play  a  key  role  in  the  fundamental 
mechanism  of  growth,  differentiation,  nutrition  in  select 
fungal  species.  The  chltin  deacetylase  of  the  dimorphic 
fungus,  Mucor  rouxll  was  purified  70.5-fold  by  ammonium 
sulfate  precipitation,  ion-exchange  chromatography,  and 
prepartatlve  polyacrylamide  gel  electrophoresis.  The 
specific  deacetylase  activity  was  94. 7  nmol  of  acetyl 
groups  (CH.C00-)  released  from  the  acetylated  substrate 
glycol  chltin  per  minute  per  milligram  of  protein.  The 
deacecylase  activity  showed  a  pH  optimum  of  4.5  and  varied 
markedly  with  the  buffer  employed.  Column  purified 
protein  showed  a  Km  of  2.4  x  10”  M  to  the  soluble 
substrate  glycol  chltin.  The  eoluan  purified  protein 
revealed  a  single  polypeptide  on  polyacrylamide  gel 
electrophoresis  with  an  apparent  molecular  weighc  of 
15,000  daltons.  The  chidn  deacetylas  activity  of  Mucor 
roqxll  was  independent  of  any  bivalent  metal  ion  (Mg  ’ 
Mn)  requirement  for  enzymatic  activity.  The  enzyme 
activity  was  scable  on  storate  at  -20°C  from  1-3  months 
and  continued  co  demonstrate  catlytic  properties.  Chltin 
synthetase,  another  key  enzyme  involved  in  the  synthesis 
of  chitosan  is  currently  being  characterized  in  similar 
fashion.  In  order  to  clarify  the  biosynthetic  process 
for  chitosan  formation  by  chltin  deacetylas/synthetase 
it  is  necessary  co  describe  accurately  conditions  and 
factors  influencing  chioesan  formation  in  vitro. 


R5 . 4 

Metabolic  engineering  via  recombinant  DMA 
provides  an  opportunity  not  only  for  the  production 
of  primary  metabolites  and  antibiotics  but  has 
significant  potential  for  manipulating  the 
biosynthesis  of  complex  carbohydrate  Polyester 
biopolymers.  Poly(B)-hydroxybutyrate  (PHB),  the 
polymeric  ester  of  the  C4  monomer  (D)-Q- 
hvdroxybutyrate,  is  an  energy  reserve  material 
produced  by  a  wide  range  of  bacteria  when  grown 
under  conditions  of  nutrient  limitation.  This 
polymer  is  particularly  Interesting  In  that  it  has 
the  unique  property  of  being  a  biodegradable 
thermoplastic  material.  Recent  reports  demonstrate 
that  PHB  Is  only  one  member  of  the  family  of 
polyhydroxyal kanoatt  (PHA)  biopolymers  which  differ 
due  to  the  Incorporation  of  alternate  subunits, 
e.g.,  C„  C.,  C,,  C.,  etc.  These  features  make  this 
system  particularly  Interesting  for  the  emerging 
field  of  biopolymer  engineering.  In  &) CAllnm 
Autronhus  H16  the  three  enzymes  of  the  PHB  . 
biosynthetic  pathway,  PHB  polymerase,  B-ketothlolase 
and  acetoacetyl -CoA  reductase  are  encoded  by  the 
nhhC-ahbA-ohbB  genes.  The  application  of  these 
genes  ror  studying  the  enzymology  of  the  pathway  and 
manipulating  PHA  biosynthesis  will  be  discussed. 


Title:  Recent  Studies  on  the  Biosynthesis  of 
Polyhydroxyslkenostes 


R5.5 

INFLUENCE  OF  COPOLYMERIC  STRUCTURE  ON  PROPERTIES  OF 
POLY-B-HYDROXYALKANOATES  (PHA).  Robert  H. 
Marchesseult.  Clevys  Monasteries  end  Fred  Morin,  McGill 
University,  Montreal,  Quebec  Cenade 


The  influence  of  H  valerate  content  on  the  solid  state 
properties  of  poly-B-hydroxybutyrate  (PHB)  is  criticel  for 
achieving  suitable  solid  state  characteristics  of  PHB/V  plastics 
produced  by  ICI's  BIOPOL subsidiary.  Forth#  butyrate /velerete 
family  of  bacterial  co-polyesters,  the  change  inT«,Tm,  optical 
rotation,  polymorphism,  crystallinity  and  crystallization  rata  are 


The  PHA  family  can  be  charted  in  terms  of  solid  state 
characteristics  by  using  the  average  sidechain  length  as  the 
variable.  In  this  situation:  Tg,  Tm,  and  crystalline  fiber  repeat 
show  smooth  variation  in  their  values  as  a  function  of  sidechain 
length.  The  crystallinity  of  the  available  materials  is  much  less 
than  for  the  PHBA/  series  and  the  basic  thermoplastic  character 
changes  to  thermal  elastomeric  for  average  sidechain  length 
beyond  C3  or  C«.  The  reason  for  this  new  physical  characteristic 
of  the  material  is  not  yet  clear.  All  our  samples  are  terpolymers 
which  leads  to  crystallization  difficulties. 

NMR  relaxation  characteristics  of  the  sidechain  and  backbone 
carbon  atoms  of  solid  samples  has  been  studied  over  a  range  of 
temperatures  well  above  the  T«  of  the  samples.  There  is  much 
greater  motional  freedom  in  tne  sidechain  than  in  the  helical 
backbone  which  can  be  thought  of  as  a  reinforcing  molecular 
fiber  in  a  matrix  of  mobile  hydrocarbon. 

R5.6 

ICCSHILL  FWMATlO*  IN  THZ  HZLKXNTN  FASCIOLA  BUAIICi:  FVTUU  AFFUCATIOH  OF 
PZODUCT3  TO  mmimc  KlCtODrcAMVlATIOX •  Allison  C.  Zlc.-richr*.  Kathryn  A. 
Duaak*.  John  Knohomr*  and  J.  Karttatc  Vatta*.  Doparcaonc  of  Mmdtool  Itochoalstty 
ash  Ganaciaa*.  Doporcmnc  of  Radical  Fochology*.  Taxaa  Ail  Unlvoralty.  Collogo 
Station,  TX  77*40,  and  Collogo  of  Marina  Stadia,' .  Onlvaralcy  at  Dalavara, 
Lama.  Dl  HIM. 


—  h—atlea  oggoholl  production  haa  hlatarlcally  baan  attrlbutad  to  a 
qulnooo  •  coming  p  roc,  a  a  atatch  Invalm,  craaa-llnklnf  of  protalna  containing 
eitachollc  groups.  Sa  hart  daaonacracad  cha  praaanca  of  dlhydraxyphanyUUnlna 
(OOPA)  raalduaa  In  cha  aggahalla  and  In  cha  papclda  omuonco  at  aggabaU 
pracuraar  protalna;  oaaaral  OOPA  son raining  procaln  pracuraara  at  cha  shall  hava 
boon  purlflad  and  charactarllad.  Tbs  najor  pro  tain  cowpsnanta  ara  rich  in  glyclna 
and  Dora  raalduaa  and  eaapaaa  chrao  najar  group*  at  70  kSa,  Jl  kDc  and  17  kOa  tn 
,11a.  Tha  11  ld>«  procaln,  tba  major  procaln  component  by  might  In  eba  shall,  hca 
baan  purlflad  cad  the  mins  cold  coapcalclon  and  partial  asqmneo  dacarnlnad. 
Sanaa  aacadlng  cha  31  kOa  prataln  ham  baan  laolacad  and  ooquonced  raaaallng  a 
family  at  ralatad  transcript!  encoding  protalna  »lch  aiallar  amino  acid 
oo^ocltlM  end  mlacular  mlghca.  The  composition  at  aach  ODRA  clocaly  ratlacca 
that  deco  mined  through  aaloc  acid  analyala  at  tba  purlflad  procaln:  poptldaa 
dartood  tma  tryptic  pope  Ida  aaguanm  ara  praaanc  la  aaah  at  cha  eDKAa 
lnooaclgatod .  Transcripts  aacadlng  tha  Jl  kDc  procaln  ham  baan  loealUad 
analualmly  to  tho  olcoUlno  mils  ahlch  ara  dadleacad  co  shall  production. 
Microbe tsrogdMtcy  cbacrood  In  prataln  pmfllea  of  tho  purlflad  11  kDa  procaln 
appears  dm  t,  tha  orpraaalan  of  up  ts  ,U  alnllar  hut  nonldanclaal  gams  In  cha 
family  rathar  than  to  pootrronalaclofial  aodlf ioatlona .  tho  17kDo  prataln  haa  also 
barn  purlflad  and  aharaacarlcad  raaaallng  a  repeating  polymr  containing  not  only 
OOPA  and  glyclna  but  a  vary  high  histidine  composition.  The  protein  also  exhibits 
aicroheteregemlcy  Indicating  a  probable  gam  family. 

A  detailed  study  at  cha  mlcraaneapaulatlon  process  developed  by  cha  vote  far 
shall  production  la  proceeding  with  cha  gaol  of  mimicking  tha  process  In  vitro: 
the  long- Cera  ccablllty  end  nen-cnclgenloity  of  these  aioraocpculcc  eeuld  be 
advantageous  for  sona  applications.  Zeceablnanc  31  kDA  and  17  kDa  protalna  are 
being  pro  due  a,  la  I.  anil  for  aasymatlc  oxidation  and  ermcllaking  in  vitro  using 
eateehel  aaidaasa  produced  by  tha  mn  a a  mil  at  I  — crclclly  avallabl*  aacynca. 
Ihadc  pracascaa  etc  being  daaalapad  with  the  long  ton  goal  at  pndclag  lap  raved 
ale  roc  Of  aula,  from  eggshell  prataln  precursor, . 

R5.7 

CHARACTERIZATION  AND  STRUCTURE  OF  MUSSEL 
ADHESIVE  PROTEINS.  Richard  A.  Laursen.  lung-lung  Ou, 
Xiao-Tong  Shen  and  Michael  I.  Connors.  Department  of 
Chemistry,  Boston  University,  Boston  MA  02215. 

Many  marine  animals  such  as  mussels  and  barnacles  are  able  to 
anchor  themselves  to  surfaces  through  the  use  of  proteinaceous 
adhesives,  which  have  the  unique  ability  to  form  strong  bonds 
in  a  wet  environment  With  eventual  goal  of  developing  wet- 
surface  adhesives,  we  have  earned  out  gene  sequencing  studies, 
using  three  species  of  mussel,  in  order  to  learn  what 
structural  characteristics  give  these  proteins  their  special 
properties.  Two  classes  of  protein  are  revealed.  Both  are 
characterized  by  containing  about  20%  each  of  lysine  and  of 
tyrosine  (or  DOPA).  However,  the  proteins  from  Uytilus  tdulis 
and  Mytilus  califomianus  consist  primarily  of  tandem  repeats  of 
variations  of  the  proline-nch  decapepdde  sequence, 
AKPSYPPTYK,  while  the  protein  from  Gtuktruia  demissa  is  rich 
in  glycine  and  glutamine  and  is  comprised  of  11-  and  13-residue 
variants,  e.g.,  GKPTTYDAGYK,  GQQKQTGYDTGYK  and 
GGVQKTGYSAGYK. 
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We  propose  that  the  repeat  domains  have  definite  folded 
structures,  if  not  in  solution,  at  least  in  the  condensed  (cross- 
linked)  state  that  gives  them  their  distinctive  properties.  In 
this  respect,  the  mussel  proteins  may  resemble  collagen,  which 
has  both  secondary  structure  and  adhesive  properties. 

Supported  by  a  gram  from  the  Office  of  Naval  Research. 

R5.8 

CALCIUM  MINERAL-PEPTIDE  INTERACTIONS.  A.P.  Wheeler. 

Dept,  of  Biological  Sciences.  Clemson  University,  SC;  and  C.  Steven 
Sikes,  Mineralization  Center,  University  of  South  Alabama,  Mobile. 

Peptides  have  been  synthesized  by  solid  phase  methods  with  structures 
which  are  in  pan  based  on  experimentally-determined  features  of  a 
major  class  of  organic  matrix  phosphoproteins  isolated  from  the  calcium 
carbonate  shell  of  the  oyster.  The  matrix  structures  mimicked  in  the 
synthetic  peptides  included  runs  of  aspartic  acid  (Asp),  which  were 
contrasted  with  pepddes  having  other  deployments  of  Asp  with  serine 
(Ser)  and  glycine  (Gly).  In  addition,  pepdde-Ser  was  phosphorylated 
(PSer)  and  the  hydrophobic  carboxy-terminus  of  natural  matrix  was 
mimicked  using  polyalanine  tails.  The  interaction  of  the  various 
pepddes  with  O1CO3  as  well  as  calcium  phosphate  was  determined 
using  a  variety  of  crystallization  assays  and  studies  of  adsorption  of 
radio-labelled  peptides  to  crystal  surfaces. 

In  general,  peptides  that  include  runs  of  Asp  regulate  crystal  nucleation 
and  growth  more  effectively  than  those  which  contain  (Asp-X)n  or 
(Asp-X-Y)n  sequences  with  X  and  Y  being  either  Gly  or  Ser.  Further, 
CaCO}  crystals  have  a  much  higher  binding  capacity  for  poly  Asp  than 
for  peptides  with  other  deployments  of  Asp.  Phosphorylation  increases 
the  regulatory  activity  and  the  crystal  capacities  of  Asp/Ser  -  containing 
peptides.  PolyAsp  peptides  having  terminal  PSer's  are  especially 
effective  as  regulators  of  CaC03  nucleation  and  the  conversion  of 
amorphous  calcium  phosphate  to  apatite.  The  activity  of  Aspu 
molecules  in  CaCC>3  nucleation  assays  is  markedly  increased  by  the 
addition  of  polyalanine  tails. 

R5 . 9 

MXECULAR  RECOGNITION  BETWEEN  PROTEIN  AND  CRYSTAL: 
RELEVANCE  TO  BIOMINERALIZATION .  L.  Addadi,  A.  Berman*,  J. 
Maradian-Oldak  and  S.  Weiner*,  Structural  Chemistry  and 
Isotope*  Depts. ,  Weizmann  Institute  of  Science,  Rehovot, 
Israel. 

In  many  mineralized  tissues,  ccmmon  underlying  processes 
are  apparent  in  which  the  structured  surfaces  of  acidic  ma- 
cranolecules  or  other  organic  molecules  are  involved  in 
regulating  mineralization  via  interactions  at  tte  interface 
with  the  forming  crystals.  Acidic  glycoproteins  extracted 
from  mineralized  tissues  have  been  shown  to  selectively  In¬ 
teract  with  specific  crystal  surfaces  of  calciun  dicarbaxy- 
late  crystals,  of  calcite  and  of  some  organic  calcium  phos¬ 
phate  derivatives.  All  these  crystal  surfaces  present 
strikingly  similar  structural  patterns.  The  protein-crys¬ 
tal  interactions  can  thus  be  interpreted  using  ooiuon  ster¬ 
eochemical  rules,  which  appear  to  be  tranf  arable  from  ore 
system  to  another.  The  varied  operation  of  these  rules  can 
result  in  different  oontrol  mechanisms.  Thus  acidic  pro¬ 
teins  extracted  from  mollusk  shells,  when  adsorbed  on  a 
rigid  matrix  act  as  ruclaators  of  oriented  crystals  of  cal¬ 
cite.  Similar  proteins  extracted  from  sea  urchin  skeletons 
act  as  controlled  modulators  of  crystal  growth  and  Influ¬ 
ence  material  properties,  by  being  adsorbed  at  and 
into  calcite  crystals  during  growth.  Their  mode  of  aooano- 
dation  within  the  crystal  is  being  studied  using  synchro¬ 
tron  X-ray  radiation. 

Thus  the  function*  of  these  proteins  in  bicmlrMralizetlcn 
seam  to  depend  essentially  an  an  accurate  tuning  of 
electrostatic  interactions.  Comparison  between  different 
systems  provides  information  an  the  machaniem(s)  of  biolo¬ 
gical  crystal  growth,  and  hints  at  a  general  applicability 
of  same  basic  molecular  principles. 


R6.1 

BIOMINERALIZATION:  NEW  ROUTES  TO  CRYSTAL 
ENGINEERING.  Stephen  Mann.  School  of  Chemistry, 
University  of  $ath,  Bath  BA2  7AY ,  UK. 

This  paper  discusses  the  principal  features  of 
biomineralization  in  relation  to  the  controlled 
crystallization  of  inorganic  materials,  and  the 
modelling  of  these  concepts  in  vitro.  The 
biological  strategies  adopted  in  the  regulation 
of  nucleation  and  growth  are;  (a)  the  use  of 
constrained  reaction  environments,  (b)  the 
synthesis  of  chemically  and  structurally 
specific  organic  macromolecules,  and  (c)  the 
secretion  of  tailor-made  additives  of  low  and 
high  molecular  weight.  Underlying  these 
strategies  is  the  concept  of  molecular 
recognition  at  interfaces  comprising  organic 
and  inorganic  surfaces.  The  structural, 
electrostatic  and  stereochemical  aspects  of 
these  interfacial  interactions  will  be 
described.  Furthermore,  the  development  of 
these  ideas  in  synthetic  systems  involving  the 
crystallization  cf  CaCOy  under  Langmuir 
monomolecular  films  will  be  presented. 

R6.2 

ONTOGENETIC  AND  PHYLOGENETIC  VARIATION  OF  FORM 
AND  FUNCTION  OF  THE  OCULAR  LENS.  L£L  Sivak.  School  of 
Optometry,  University  of  Waterloo,  Waterloo,  Ontario,  Canada,  N2L 
3G1 

The  lens  of  the  vertebrate  eye  continues  to  grow  and  develop 
throughout  life.  New  growth  compresses  older  tissue  toward  the  center, 
thereby  producing  a  gradient  refractive  index  distribution  which  has 
important  implications  in  the  control  of  longitudinal  spherical 
aberration. 

Lens  size  and  shape  varies  widely  among  species;  depending  on 
whether  the  eye  is  used  in  air  or  underwater,  or  in  nocturnal  versus  diurnal 
conditions.  The  lens  of  the  typical  aquatic  eye,  for  example,  is  rigid  and 
spherical  in  shape.  Due  to  the  neutralization  of  corneal  refractive  power 
in  water,  the  lens  is  the  only  refractive  element  of  the  aquatic  eye. 
Accommodative  changes  in  ocular  refractive  power  are  produced  by 
means  of  lens  motion  toward  or  away  from  the  retina  in  aquatic  forms 
and  by  change  in  lens  shape  in  terrestrial  species.  Exaggerated  change 
in  lens  shape  accompanies  diving  behavior  in  certain  aquatic  birds  in 
order  to  compensate  for  the  loss  of  corneal  refractive  power  in  water. 

Extensive  alterations  in  lens  size  and  shape  and  refractive  index 
distribution  are  associated  with  the  embryologies!  development  of  the 
primate  and  avian  eye.  Recent  results  indicate  that  such  changes  do  not 
significantly  alter  lens  focal  power.  This  suggests  that  ocular  refractive 
development  is  controlled  through  growth  of  the  globe  (sclera  and 
comea)  alone. 

R6.3 

HIERARCHICAL  STRUCTURE  OF  THE  INTERVERTEBRAL  DISC. 
J.J.  Cassidy,  A.—Hiltner.  and  E.  Baer,  Center  for  Applied 
Polymer  Research  and  Case  Western  Reserve  University, 
Cleveland,  OH. 

The  hierarchical  structure  of  the  collagenous  components  of 
the  intervertebral  diac  is  characterized  using  optical 
microscope  techniques.  In  the  annulus  fibrosus,  the 
thickness  of  lamellae  increases  abruptly  2  mm  inward  from 
the  edge  of  the  disc,  dividing  the  annulus  into  peripheral 
and  transitional  regions.  Lamellae  in  the  lateral  and 
posterior  annulus  have  a  broad  distribution  of  lamellar 
thicknesses.  In  alternate  lamellae,  fibers  are  inclined  with 
respect  to  the  vertical  axis  of  the  aplne  in  a  layup 
structure.  From  the  edge  of  the  diec  Inward  to  the 
nucleus,  this  inter  lamellar  angle  decreases  from  62  to  45 
degrees.  Within  lamellae,  collagen  fibers  exhibit  a  planer 
crimped  morphology.  The  plane  of  the  waveform  is  inclined 
with  respect  to  the  epinal  axis  by  the  interlamellar  angle. 
From  the  edge  of  the  disc  inward,  the  crimp  angle 
increaeea  from  20  to  45  degrees  and  the  crimp  period 
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decreases  from  26  to  20  um.  A  hierarchical  model  of  the 
disc  is  presented  that  incorporates  these  morphological 
gradients. 

Mechanical  testing  in  load -deflection,  stress  relaxation,  and 
creep  modes  reveals  the  response  at  each  level  of 
hierarchy  to  compression.  The  role  water  transport  plays 
in  determining  the  mechanical  properties  of  the  disc  is  also 
established.  These  mechanical  data  are  analyzed  with 
models  that  reflect  the  hierarchical  composite  structure. 

R6.4 

Bending,  folding,  and  Buckling  Processes  During 
Bacterial  Macroeiber  Morphogenesis.  n«m  h. 

Mmdflson.  Dept,  of  Molecular  and  Cellular  Biology,  University  of 
Arizona,  Tucson,  Arizona,  and  John  J.  Tbwaites,  Dept,  of 
Engineering,  Cambridge  University 

Bacterial  macrofibers  are  multicellular  structures  produced  by 
certain  cultures  of  rod-shaped  cells  when  cells  do  not  separate  from  one 
another  after  septation.  Chains  of  cells  arise  that  twist  as  they  grow. 
This  twisting  is  thought  to  reflect  either  the  geometry  of  assembly  of 
the  cell  wall  polymers  or  some  aspect  of  their  anisotropic  behavior  after 
insertion  into  the  wall.  The  degree  and  direction  of  twisting  is 
controlled  by  genetic  and  physiological  factors  such  as  growth 
temperature  and  the  concentration  of  certain  ions  and  other  compounds 
in  the  growth  medium.  Twisting  is  ultimately  responsible  for  a  shape 
deformation  of  the  cells  into  double-strand  helical  forms.  The 
mechanical  basis  for  shape  determination  and  eventually  macrofiber 
morphogenesis  involves  a  folding  process,  the  touching  of  elongating 
structures  to  themselves,  blocked  rotation,  and  shape  deformation.  In 
normal  growth  medium,  time-lapse  films  reveal  that  writhing  motions 
which  lead  to  increased  bending  result  in  touching.  In  media  of 
increased  viscosity,  bending  is  suppressed  although  elongation  and 
rotation  are  unaffected.  Folding  occurs  but  now  as  a  result  of 
buckling.  The  forces  responsible  for  both  processes  derive  from 
growth  and  interaction  of  the  cell  surface  with  the  growth  medium. 
The  helical  shape  once  established  is  heritable.  Whether  the  shape 
becomes  "set"  by  cross-linking  or  other  modification  of  the 
peptidoglycan  remains  to  be  determined. 

R6.5 

MECHANICAL  PROPERTIES  OF  BACTERIAL  FIBERS. 

John  J.  Th Wires.  Dept,  of  Engineering  Cambridge  University,  and 
Nell  H.  Mendelson.  Department  of  Molecular  and  Cellular  Biology, 
University  of  Arizona.  Tucson,  Arizona 

Bacterial  thread  is  the  name  given  to  a  fibrillar  fiber  produced  from 
cell-separation-suppressed  mutants  of  Bacillus  subtilis,  which  grow  in 
long  cellular  filaments  and  produce  in  cultures  aggregates  that  resemble 
randomly-laid  textile  webs.  Threads  are  produced  by  steady 
withdrawal  at  the  end  of  a  sterile  toothpick  -  for  all  the  world  like 
Carothers,  50  years  ago!  Individual  filaments  are  drawn  radially  into 
the  forming  thread  and  adhere  strongly  to  each  other  with  axial 
alignment.  Uniform  threads  up  to  1  meter  in  length  and  180  um  in 
diameter  can  be  produced.  Such  threads  contain  about  50,000 
filaments  and  upwards  of  1010  cells. 

Tests  on  thread  show  that  peptidoglycan,  which  is  the  load-bearing 
polymer  of  the  bacterial  cell  wall,  behaves  mechanically  like  other 
visco-elastic  polymers.  When  dry  its  behavior  is  glassy,  with  high 
modulus;  when  wet,  it  is  relatively  weak  and  of  low  initial  modulus. 
Relaxation  data  indicate  a  very  wide  spectrum  of  relaxation  times.  All 
the  mechanical  properties  depend  strongly  on  the  RH  of  the  test 
environment;  they  are  also  influenced  by  the  ionic  environment  at  the 
time  threads  are  drawn. 

Available  evidence  indicates  that  peptidoglycan  is  not  crystaline. 
Nonetheless  there  is  some  degree  of  orientation  in  the  bacterial  cell 
wall.  This  is  shown  by  the  effect  of  enzyme  attack  on  mechanical 
properties  and  by  the  twisted  growth  pattern  of  bacteria. 

R6.6 

Growth-packed  PPT-A  fiber  for  the 
replacement  of  native  asbestors. 
Poly-p-ph»nylen«t*r«phthal»mide  (PPT-A)  fibers  made 


by  molecular  growth  and  self  ordering  process  had  a 
similar  structure  to  the  native  cellulosics  such  as 
flax  or  lamie  fibers.  The  unit  fibrils  that  construct 
the  fiber  have  an  ultra  fine  thickness,  high  strength 
and  modulus,  as  well  as  high  heat  resistance,  which  are 
the  indispensable  physical  factors  of  synthetic  fibers 
for  the  replacement  of  native  asbestos.  The  growth¬ 
packing  mechanism  found  in  the  formation  of  PPT-A  fiber 
was  something  different  from  those  currently  debated 
for  the  interpretation  of  the  native  process.  The  oli¬ 
gomer  chains  which  are  scarcely  soluble  in  polar  sol¬ 
vent  are  preoriented  by  a  biospinning  or  a  similar 
action,  and  they  are  laterally  supported  by  a  large 
number  of  solvent  bridges  that  connect  between  the 
polar  groups  of  oligo-ch&ins,  by  a  linear  association 
of  solvent  molecules.  Thus,  they  form  the  ’gel  crystal’ 
which  must  be  newly  defined  as  a  crystalline  form  which 
has  a  specific  structure  of  three-dimensional  molecular 
network,  depending  on  the  angles  made  by  polar  groups 
in  oligo-chains .  The  chain  growth,  the  formation  of 
covalent  bond  between  oligomers  triggers  the  collapse 
of  solvent  bridges,  resulting  in  the  packing  of  the 
grown  molecules  by  a  lateral  chain  movement.  The  three- 
dimensional  network  structure  of  the  fibrils  inserting 
micro-cleavages  between  them  is  thus  constructed  by  a 
subdivison  of  the  gel  crystal.  The  classical  consept  of 
fiber  structure,  the  crystalline  and  amorphose  regions 
and  tie  molecular  theory  must  also  be  evaluated  again 
with  a  different  view  that  comes  from  the  molecular 
growth-packing  mechanism. 

R6.7 

COMPOSITE  BIOMOLECULAR/ SOLID  STATE  NANOSTRUCTURES 
Kenneth  Douglas  and  Noel  A.  Clark,  University  of 
Colorado,  Boulder,  Colorado;  and  Kenneth  J. 
Rothschild,  Boston  University,  Boston,  Massachu¬ 
setts. 

We  demonstrate  a  process  in  which  two  dimensional 
protein  crystals  act  as  patterning  elements  for 
nanometer  fabrication.  In  this  process  a  two 
dimensional  crystalline  protein  monolayer  is  de¬ 
posited  on  a  smooth  substrate,  metal  coated  by 
electron  beam  evaporation  and  then  ion  milled. 
Under  ion  milling  this  protein-metal  heterostruc¬ 
ture  exhibits  differential  metal  removal  and  re¬ 
arrangement  which  varies  on  a  protein  molecular 
length  scale.  The  result  of  this  three-step 
parallel  process  is  the  fabrication  of  a  1  nm- 
thick  metal  film  with  15  nm  diameter  holes  per¬ 
iodically  arranged  on  a  triangular  lattice  of 
parameter  22  nm.  These  nanostructures  are  fab¬ 
ricated  on  both  thin  film  and  bulk  substrates 
and  are  imaged  by  transmission  electron  micro¬ 
scopy  (TEM)  and  scanning  tunneling  microscopy 
(STM)  respectively. 

R6.8 

DIAMETER  QUANTIZATION  IN  CYLINDRICAL  AGGREGATES  OF 
CHLOROPHYLLS.  D.L  Worcester.  University  of  Missouri, 

Columbia, MO;  T.J.  Mehalski,  M.K.  Bowman  &  J.J.  Katz,  Argonne 
National  Laboratory,  Argonne.  IL 

Neutron  small-angle  scattering  measurements  of  several  different 
chlorophylls  hydrated  in  deuterated  octane-toluene  mixtures  show 
that  long,  hollow  cylinders  of  aggregated  chlorophyll  are  formed. 

Clear  secondary  maxima  are  present  in  the  scattering  and  the 
cylinder  diameters  are  well  determined,  but  depend  on  chlorophyll 
type.  Our  studies  of  numerous  samples  and  several  chlorophyll 
types  provide  strong  evidence  that  there  are  only  certain  discrete 
values  for  the  diameters,  which  are  very  nearly  in  the  ratio  of 
small  integers.  Thus,  cylinders  of  Chla  and  Bchlc  are  iinm  In 
diameter;  Bchle  and  2-Acetylchla,  2lnm;  and  Bchia,  40-43nm. 
Substantial  variability  In  size  was  found  only  for  Chla/Chlb 
mixtures(35-50nm). 

The  quantization  of  diameters  can  be  accounted  for  structurally  if 
water  molecules  coordinate  to  the  magnesium  atom  only  on  one  side 
of  the  Chla  macrocycte,  but  on  either  side  of  the  Bchia  end  2- 
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Acetylchla  macro  cycles.  The  additional  acetyl  groups  in  Bchla  and 
2-Acetylchla  make  water  coordination  possible  on  either  side  of 
Ihe  macrocyice  without  sacrifice  of  hydrogen  bonding  needed  for 
aggregate  formation  and  stability.  The  crucial  structural 
consequence  is  that  water  coordination  on  either  side  of  the 
macrocycles  results  in  some  of  the  macrocydes  having  opposing 
curvatures  which  cancel  and  therefore  give  the  larger  structures. 

An  additional  feature  is  that  all  chlorophyll  macrocycles  are 
equivalent  in  the  Chla  cylinders,  but  in  the  larger  structures, 
pairs  of  macrocycles  are  the  basic  structural  units.  This  suggests 
that  there  is  particular  stability  to  dimers  of  Bchla  and  of  2- 
Acetylchla. 

R6.9 

ENZYMATIC  RESOLUTION  OF  BICYCLO [3 . 2 . 0] HEPT-2-EN- 
6-YL  ESTERS.  Norbert  Klempier,  Hurt  Faber . 
Herfried  Griengl;  Institute  of  Organic  Chemistry, 
Graz  University  of  Technology,  Stremayrgasse  16, 
A-8010  Graz,  Austria 

Both  enantiomers  of  endc-bicyclo (3 . 2 . 0] hept-2-en- 
6-o 1,  a  precursor  of  the  Corey  lactone,  were 
obtained  by  means  of  a  biocata lytic  resolution 
using  microbial  lipases1.  Optimisation  of  the 
system  with  respect  to  substrate  structure  and  the 
enzyme  employed  led  to  a  procedure  which  gives 
rise  to  l^  agd  lb  in  both  >96  X  e.e.  when  roc-la 
(R  aCHs.  R  aR  *H)  was  hydrolysed  with  lipase  P 
from  Fseudc^cnas  / 1  uorescens  (Amano  Pharm.Co.). 


rac-lo  lb  la 

R1  -  CH>  I-CjHt-  o-C^ti  R*  -  H.  Cl,  R1  -  H.  Cl. 


Other  lipases  (from  •.'ar.ci.dc:  cy  l  viviroceo,  porcine 
pancreas  and  "wecr  ic.  )  and  derivatives  bearing 
Chloro-atoms  in  the  7-position  were  less 
satisfactory  with  respect  to  both  enant.ioselection 
and  rate  of  reaction. 

1  For  a  related  investigation  see:  I  .C. Cotteri 1  I , 
F..L.  A.Macfarlane,  S.M. Roberts,  J.  Che-'..  ;<  • .  .  FetM.m 
Trans. ! ,  1988,  3387. 
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MULTI-FUNCTIONAL  MATERIALS 

November  29  -  December  1,  1989 

SESSION  SI:  MULTIFUNCTIONALITY  IN 
CERAMICS /POLYMERS 
Chairs:  Donald  R.  Ulrich 

Wednesday  Afternoon,  November  29 
Essex  North  East  (W) 

1:30  »S 1.1 

NANODESIGNING  OF  MULTIFUNCTIONAL  CERAMIC 
COMPOSITES,  Ilhan  A.  Aksav.  University  of 
Washington,  Department  of  Materials  Science 
and  Engineering,  Seattle,  WA. 

2:00  *S1 . 2 

NANOCOMPOSITES  -  THE  MULTIFUNCTIONAL  FAMILY 
OF  MATERIALS,  Rustum  Rov .  Pennsylvania  State 
University,  Materials  Research  Laboratory, 
University  Park,  PA. 

2:30  *S1 . 3 

SOL-GEL  PROCESSING  OF  LARGE  SILICA  OPTICS, 
I.. I,.  Hench.  University  of  Florida,  Gaines¬ 
ville,  FL. 

3:00  BREAK 

3:15  si . 4 

PHOTOACTIVE  UIQUID  CRYSTALLINE  POLYMERS  AS 
MULTIFUNCTIONAL  MATERIALS,  D.  Creed,  A.C. 
Griffin.  C.E.  Hoyle  and  K.  Venkataram, 
University  of  Southern  Mississippi,  Depart¬ 
ments  of  Chemistry  and  Polymer  Science, 
Hattiesburg,  MS. 

3:30  *S1.5 

MULTIFUNCTIONAL  DEVICE  APPLICATIONS  OF 
NONLINEAR  OPTICAL  POLYMER  MATERIALS,  Rick 
Lvtel  and  Ferris  Lipscomb,  Lockheed  Missiles 
and  Space  Company,  Inc.,  Research  and  Devel¬ 
opment  Division,  Palo  Alto,  CA. 

4:00  *S1 . 6 

EXPLORATORY  STUDIES  OF  NEW  NLO  AND  PIEZO¬ 
ELECTRIC  POLYMERS,  H.K.  Hall.  Jr..  Anne  B. 
Padias,  Francesco  Fuso,  Zhende  Ni  and 
Michael  A.  Mitchell,  University  of  Arizona, 
Chemistry  Department,  Tuscon,  AZ?  Thomas 
Leslie,  Hoechst-Celanese,  Summit,  NJ. 

4:30  £1x2 

POLYMER-SALT  COMPLEXES,  APPLICATION  AND 
NATURE  OF  THE  CHEMICAL  BONDS,  G . A.  Nazri  and 
D.M.  MacArthur,  General  Motors  Research 
Laboratories,  Warren,  MI;  R.  Aroca, 
University  of  Windsor,  Windsor,  Canada. 

4:45  SI. 8 

STUDY  ON  DIOPSIDE  WHISKERS  PRECIPITATION 
TYPE  HYDROXYAPATITE,  T.  Nonami .  TDK  Corpora¬ 
tion,  Research  and  Development  Center, 
Chibaken,  Japan. 

♦Invited  Paper 


SESSION  S2 :  NON-LINEAR  OPTICS  TN 
MULTIFUNCTIONAL  MATERIALS 
Chair:  Alan  Buckley 

Thursday  Morning,  November  30 
Essex  North  East  (W) 

8:30  *S2 . 1 

NOVEL  ELECTROACTIVE  AND  NONLINEAR  OPTICAL 
HETEROSTRUCTURES,  Paras  N.  Prasad.  State 
University  of  New  York  at  Buffalo,  Photonics 
Research  Laboratory,  Department  of  Chemis¬ 
try,  Buffalo,  NY. 

9:00  S2.2 

ENHANCEMENT  OF  THIRD  ORDER  NONLINEARITY  ON 
PHTHALOCYANINE  COMPOUNDS,  Masahiro  Hosoda . 
Tatsuo  Wada,  Akira  Yamada,  Anthony  F.  Garito 
and  Hiroyuki  Sasabe,  Frontier  Research 
Program  (RIKEN),  Saitama,  Japan. 

9:15  *S2 . 3 

TRANSPORT,  OPTICAL  PROPERTIES  AND  PHOTOEXCI¬ 
TATIONS  IN  LADDER  TYPE  POLYMERS,  I.  Belaish, 
D.  Davidov  and  C.  Rettori ,  Hebrew  University 
of  Jerusalem,  Racah  Institute  of  Physics, 
Jerusalem,  Israel?  M.R.  McLean,  L.R.  Dalton 
and  L.P.  Yu,  University  of  Southern  Califor¬ 
nia,  Department  of  Chemistry,  Los  Angeles, 
CA. 

9:45  BREAK 

10:00  S2.4 

DESIGN,  CHARACTERIZATION,  AND  OPTICAL  PRO¬ 
PERTIES  OF  PHOSPHAZENE-BASED  POLYMERS, 
Gregory  J.  Exarhos  and  William  D.  Samuels, 
Battelle- Pacific  Northwest  Laboratory, 
Richland,  WA;  Kevin  M.  Crosby,  Physics 
Department,  Beloit,  Wl. 

10:15  S2.5 

ORGANIC,  ORGANOMETALLIC  AND  POLYMERIC 
MATERIALS  WITH  UNUSUAL  NONLINEAR  OPTICAL  AND 
ELECTRONIC  PROPERTIES,  Seth  R.  Marder  and 
Joseph  W.  Perry,  California  Institute  of 
Technology,  Jet  Propulsion  Laboratory, 
Pasadena,  CA;  Eric  J.  Ginsburg,  Christopher 

B.  Gorman  and  Robert  H.  Grubbs,  California 
Institute  of  Technology,  Pasadena,  CA. 

10:30  S2.6 

THIRD-ORDER  OPTICAL  NONLINEARITIES  IN  POLY¬ 
MER  COMPOSITES,  Kenneth  M.  White.  R.  Ellen 
Harelstad,  Cecil  V.  Francis  and  Diana  J. 
Gerbi,  3M  Company,  Science  Research  Labora¬ 
tory,  St.  Paul,  MN;  John  Stevens  and  Peter 

C.  Leung,  3M  Company,  Computational  Science 
Center,  St.  Paul,  MN. 

10:45  *S2.7 

SYNTHESIS  AND  PROPERTIES  OF  MULTIFUNCTIONAL 
POLYMERS,  H.A.  Goldberg.  A.J.  East,  I.L. 
Kalnin,  R.E.  Johnson,  H.T.  Man,  R. A.  Keosian 
and  D.  Karim,  Hoechst  Celanese,  Summit,  NJ. 
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1:15  S2.8 

OLECULAR  DESIGN  OF  SYNTHETIC  POLYPEPTIDES 
OR  NONLINEAR  OPTICS,  Takafumi  Ishii.  Tatsuo 
ada,  Akira  Yamada,  Anthony  F.  Garito  and 
iroyuki  Sasabe ,  Frontier  Research  Program 
RIKEN),  Saitama,  Japan. 

1:30  *S2 . 9 

ULTI FUNCTIONAL  MACROMOLECULES  -  SOME  DEVICE 
PTIONS,  Michael  R.  Worbovs .  Michael  S. 
riffith  and  Nicholas  A.  Davis,  GEC-Marconi 
esearch  Centre,  Essex,  United  Kingdom. 

SESSION  S3:  MULTIFUNCTIONAL 
INORGANIC  MATERIALS 
Chair:  Ilhan  A.  Aksay 

Thursday  Afternoon,  November  30 
Essex  North  East  (W) 

1:30  *S3 . 1 

ULTIFUNCTIONAL  ENGINEERING  MATERIALS-REVIEW 
ND  PROJECTIONS,  John  D.  Mackenzie.  Univer¬ 
ity  of  California  at  Los  Angeles,  Depart- 
ent  of  Materials  Science  and  Engineering, 
os  Angeles,  CA. 

2:00  *S3 . 2 

ULTIFUNCTIONAL  FERROIC  NANOCOMPOSITES,  R.E- 
ewnham .  H.  Ikawa  and  S.E.  McKinstry,  Penn- 
ylvania  State  University,  Materials  Re- 
earch  Laboratory,  University  Park,  PA. 

2:30  S3. 3 

PPLICATION  OF  SOL-GEL  DERIVED  NANOCOM- 
OSITES  TO  SOLID  STATE  EPITAXIAL  GROWTH  OF 
XIDES  AND  SELECTED  SEMI-CONDUCTORS,  Rustum 
oy .  S.  Komarneni  and  A.M.  Kazakos,  Pennsyl- 
ania  State  University,  Materials  Research 
aboratory,  University  Park,  PA. 

2:45  BREAK 

3:00  S3. 4 

ONTROL  OF  YBa2Cu3Oy  and  BaTi06  SOL-GEL 

3LUTI0N  STRUCTURE  By  CHEMICAL  MODIFICATION 

?  ORGANIC  ACIDS,  Haixina  Zheng  and  J.D. 
ackenzie,  University  of  California-Los 
igeles,  Department  of  Materials  Science  and 
ngineering,  Los  Angeles,  CA. 

3:15  S3. 5 

)LY(ARYLENE  ETHER)  OR  POLYIMIDE-SILICATE 
ifBRIDS  VIA  SOL-GEL  ULTRASTRUCTURE  PROCESS¬ 
ES,  M.  Spinu.  A.  Brennan,  G.L.  Wilkes  and 
.E.  McGrath,  Virginia  Polytechnic  Institute 
id  state  University,  Departments  of  Chemis- 
ry  and  Chemical  Engineering,  National 
rience  Foundation  Science  and  Technology 
inter:  High  Performance  Polymeric  Ad- 

ssives  and  Composites,  Blacksburg,  VA. 

t :  30  S3. 6 

lOTECTIVE  COATINGS  FOR  HYPERSONIC  VEHICLE 
’PLICATIONS,  J.  Covino  and  K.  Kleram,  Naval 
lapons  Center,  Research  Department,  China 
ike,  CA. 


3:45  *S3  ■  7 

HIGH  COMPRESSIVE  STRENGTH  ORDERED  POLYMER 
FIBERS  AND  FILMS  VIA  SOL-GEL  MICROCOMPOSITE 
PROCESSING,  Robert  F.  Kovar.  R.  Ross 
Haghighat  and  Richard  W.  Lusignea,  Foster- 
Miller,  Inc.,  Waltham,  MA;  Lawrence  T. 
Drzal,  Michigan  State  University,  East 
Lansing,  MI. 

4:15  *S3 . 8 

SOL-GEL  ETALONS  FOR  ION  LASERS,  Nicholas  J. 
Phillips .  Loughborough  University  of  Tech¬ 
nology,  Department  of  Physics,  Loughborough, 
United  Kingdom. 

4:45  S3 . 9 

DESIGNING  PORE  SIZE  IN  SILICA  AND  ALUMINO¬ 
SILICATE  GELS,  H.  Kido,  P.B.  Malla  and  S. 
Komarneni,  The  Pennsylvania  State  Univer¬ 
sity,  University  Park,  PA. 

SESSION  S4 :  POLYMERS  FOR  ULTRASTRUCTURES 
Chair:  Frank  E.  Karasz 

Friday  Morning,  December  1 
Essex  North  East  (W) 

8:30  *S4 . 1 

DIELECTRIC  RELAXATION  PROPERTIES  AND  ALIGN¬ 
MENT  BEHAVIOUR  OF  LIQUID-CRYSTALLINE  SIDE- 
CHAIN  POLYMERS,  Graham  Williams.  University 
College  of  Swansea,  Department  of  Chemistry, 
Swansea,  United  Kingdom;  Frank  E.  Karasz, 
University  of  Massachusetts,  Polymer  Science 
and  Engineering  Department,  Amherst,  MA. 

9 :  00  *S4 . 2 

LIQUID  CRYSTALLINE  MATERIALS  FOR  POLYMER 
WITH  ANISOTROPIC  ULTRASTRUCTURES,  George  S. 
Attard .  The  University,  Department  of  Chemi¬ 
stry,  Southampton,  United  Kingdom. 

9:30  S4.3 

LIQUID  CRYSTALS  INCORPORATING  METAL  CENTRES, 
W.  Haase.  S.  Gehring  and  B.  Borchers, 
Institut  fur  Physikalische  Chemie,  Tech- 
nische  Hochschule,  Darmstadt,  West  Germany. 

9:45  S4.4 

DIELECTRIC  PROPERTIES  OF  POLYMERIC  LIQUID 
CRYSTALS  WITH  STRONG  LATERAL  DIPOLE  GROUPS, 
w.  Haase  and  M.  Pfeiffer,  Institut  fur 
Physikalische  Chemie,  Technishe  Hochschule, 
Darmstadt,  West  Germany. 

10:00  BREAK 

10:15  S4.5 

SNYTHESIS  AND  PROPERTIES  OF  COMB-LIKE  LIQUID 
CRYSTALLINE  POLYMERS  WITH  ELECTROOPTICALLY 
ACTIVE  MESOGENIC  SIDE  GROUPS,  M.  Maeda.  R.S. 
Kumar,  A.  Blumstein  and  S.K.  Tripathy, 
University  of  Lowell,  Lowell,  MA;  P.  Sixou 
and  F.  Faubert,  Universite  de  Nice, 
Laboratoire  de  Physique  de  la  Matiere  Con- 
densee,  Nice,  France. 
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10:30  S4.6 

THERMOTROPIC  CHIRAL  NEMATIC  POLYMERS  AS 
OPTICAL  MATERIALS,  M.L.  Tsai  and  S.H.  Chen, 
University  of  Rochester,  Department  of 
Chemical  Engineering  and  Laboratory  for 
Laser  Energetics,  Rochester,  NY. 

10:45  *S4 ■ 7 

MULTI-LAYERS  THIN  FILMS  OF  ACETALYZED  POLY 
(VINYL  ALCOHOL)  DERIVATIVES  OBTAINED  BY  THE 
LB  METHOD  AND  THEIR  OPTO-ELECTRONIC  PROPER¬ 
TIES,  Kiyoshi  Oguchi,  Yasuhiko  Yokoh,  Kohei 
Sanui  and  Naoya  Paata .  Sophia  University, 
Department  of  chemistry,  Tokyo,  Japan. 

11:15  *S4 . 8 

DIELECTRIC,  TSC  AND  ELECTROMECHANICAL 
MEASUREMENTS  ON  SOME  PROSPECTIVE  N.L.O. 
POLYMERS,  I.M.  Ward,  G.R.  Davies  and  P.L. 
Carr,  University  of  Leeds,  Physics  Depart¬ 
ment,  Leeds,  United  Kingdom. 

11:45  S4.9 

SILICONE  CONTAINING  LIQUID  CRYSTALLINE 
POLYURETHANES  AND  POLYESTER,  Robert  Kosfeld, 
Frank  Braun,  Lutz  Wi liner  and  Michael  Hess. 
University  of  Duisburg,  Department  of  Physi¬ 
cal  Chemistry,  Duisburg,  West  Germany. 

SESSION  SS:  MULTIFUNCTIONAL  DESIGN 
Chair:  George  Gallagher-Daggitt 

Friday  Afternoon,  December  1 
Essex  North  East  (W) 

1:30  *S5 . 1 

MICROSTRUCTURAL  CONTROL  IN  SIDE  CHAIN  POLY¬ 
MERS  FOR  OPTICAL  APPLICATIONS,  Tim  Lemmon 
and  Alan  H.  Windle.  Cambridge  University, 
Department  of  Materials  Science  and  Metal¬ 
lurgy,  Cambridge,  United  Kingdom. 

2:00  S5.2 

ZEOLITE  LOADED  POLYURETHANE  FOAMS  FOR  EN¬ 

VIRONMENTAL  CONTROL,  C.B.  Frost.  D.L. 
Lindner  and  J.E.  Costa,  Sandia  National 
Laboratories,  Livermore,  CA. 

2:15  *£ 5l*1 

PERIODIC  AREA  MINIMIZATION  SURFACES  IN 
MICROSTRUCTURAL  SCIENCE,  Edwin  L.  Thomas. 
Massachusetts  Institute  of  Technology, 
Department  of  Materials  Science  and  Engi¬ 
neering,  Cambridge,  MA. 

2:45  s5 . 4 

BEHAVIOR  OF  SUPERCONDUCTING  CERAMIC-POLYMER 
COMPOSITE,  C.  vipulanandan  and  S.  Salib, 
University  of  Houston,  Texas  Center  for 
Superconductivity,  Houston,  TX. 

3:00  BREAK 


3:15  S5.5 

MICROSTRUCTURE  OF  PPTA/ POLY PYRROLE  COMPOSITE 
FIBERS,  L.P.  Rector.  T.J.  Marks  and  S.H. 
Carr,  Northwestern  University,  Departments 
of  Materials  Science  and  Engineering  and 
Chemistry  and  the  Materials  Research  Center, 
Evanston,  IL. 

3:30  *S5 . 6 

THEORY  AND  PRACTICE  IN  THE  PREPARATION  OF 
MULTIFUNCTIONAL  MATERIALS  CONTAINING 
DELOCALIZED  v  ELECTRONS,  Larry  R,  Dalton. 
Rahel  vac,  LuPing  Yu  and  Linda  Sapochak, 
University  of  Southern  California,  Depart¬ 
ment  of  Chemistry,  Los  Angeles,  CA. 

4:00  S5.7 

MICROPHASE  SEPARATION  IN  MULTIBLOCK  COPOLY¬ 
MER  MELTS,  Anne  M.  Maves  and  Monica  Olvera 
de  la  Cruz,  Northwestern  University,  Depart¬ 
ment  of  Materials  Science  and  Engineering, 
Evanston,  IL. 

4:15  S5.8 

SEGMENTED  ANISOTROPIC  ISOTROPIC  POLY  ARYL 
ESTER  POLY (ARYLENE  ETHER)  COPOLYMER 
MATERIALS,  J.E.  McGrath.  K.L.  Cooper,  W. 
Waihamad,  H.  Huang,  D.  Chen  and  G.L.  Wilkes, 
Virginia  Polytechnic  Institute  and  State 
University,  Departments  of  Chemistry  and 
Chemical  Engineering,  National  Science 
Foundation  Science  and  Technology  Center: 
High  Performance  Polymeric  Adhesives  and 
Composites,  Blacksburg,  VA. 

4:30  *$5r9 

INORGANIC  AND  ORGANOMETALLIC  PRINCIPLES  IN 
THE  DESIGN  OF  MULTIFUNCTIONAL  MATERIALS, 
Michael  P.  Minaos .  University  of  Oxford, 
Inorganic  Chemistry  Laboratory,  Oxford, 
United  Kingdom. 

5:00  S5.tJ.P 

MODELLING  MICROSTRUCTURE  IN  MATERIALS  THAT 
CONTAIN  ANISOTROPIC  PARTICLES,  Christopher 
viney .  University  of  Washington,  Department 
of  Materials  Science  and  Engineering, 
Seattle,  WA;  Larry  A.  Chick,  Battelle 
Pacific  Northwest  Laboratory,  Richland,  WA. 
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51.1 

NANODES1GNING  OF  MULTIFUNCTIONAL  CERAMIC 
COMPOSITES,  llhan  A.  Aksay,  Department  of  Materials  Science 
and  Engineering,  University  of  Washington,  Seattle,  WA  98195 
Processing  of  ceramic  composites  for  multifunctional  applications 
requires  a  precise  control  on  compositional  and  density  variations  in 
the  scale  range  of  10'9m  to  10‘6m.  This  presentation  will  review  the 
methods  of  achieving  this  goal  by  utilizing  combinations  of  colloidal 
particles  and  molecular  precursors.  Two  basic  needs  will  guide  the 
presentation:  (i)  the  need  to  consolidate  powders  as  homogeneously 
as  possible  with  respect  to  chemical  and  density  fluctuations,  and  (ii) 
the  need  to  shape  complex  geometries  with  a  minimum  degree  of 
volume  change  (i.c.,  near-net-shape  forming).  Nanometer-sized  par¬ 
ticles  provide  the  best  solution  for  the  first  need  but  generally  fail  in 
the  second  category  due  to  low  density  packing  of  particles.  We  will 
illustrate  a  variety  of  approaches  to  eliminate  this  low  density  problem 
while  still  retaining  the  control  on  nanodesigning.  Examples  will 
include  an  aluminum  silicate  ceramic  with  an  optimum  combination 
of  optical  and  mechanical  properties  and  HTSC  ceramic  fibers  with 
a  combination  of  mechanical  and  electrical  properties. 

51. 2 

NANOCOMPOSITES— THE  MULTIFUNCTIONAL  FAMILY 
OF  MATERIALS.  Rustum  Roy,  Materials  Research 
Laboratory,  The  Pennsylvania  State  University,  Universitv 
Park,  PA  16802-4801. 

Our  synthesis  in  1982  of  nanocomposites  made  via  the  solution- 
sol-gel  route  has  led  to  an  unanticipatedly  large  family  of 
materials,  which  can  be  tailored  to  perform  large  different 
functions.  This  review  will  encompass  our  own  work  on  the 
chemical-structural  properties  (control  of  phase,  of  sintering 
temperature,  of  densification,  of  microstructure,  of  morphology, 
of  reaction  temperatures)  but  the  work  of  others  on  optical  and 
magnetic  materials  and  even  those  with  enhanced  mechanical 
properties. 

SI.  3 

SOL-GEL  PROCESSING  OF  LARGE  SILICA  OPTICS.  L-  L  Hench.  University 
ol  Florida,  Gain** villa,  FL 


Prograasiv*  Improvement*  in  process  and  defect  control  required  to  achieve 
scale-up  to  large  sizes  are  Illustrated. 

SI. 4 

PHOTOACTIVE  LIQUID  CRYSTALLINE  POLYMERS  AS 
MULTIFUNCTIONAL  MATERIALS.  D.  Creed,  A.C.  Griffin. 
C.E.  Hoyle  and  K.  Venkataram,  Departments  of  Chemistry  and 
Polymer  Science,  University  of  Southern  Mississippi,  Hattiesburg, 
MS,  39406. 

The  photochemistry  and  photophysics  of  polyarylcinnamate  liquid 
crystals  has  been  examined  in  thin  films  of  these  materials.  Of 
particular  interest  is  the  [2+2]  photocycloaddition  reaction  which 
leads  to  crosslinking  (and  insolubility)  of  these  films.  A  typical 
structure  is  shown  below.  This  polymer  forms  a  clear, 


amorphous  film  when  cast  from  solution.  The  amorphous,  cast 
polymer  enters  a  LC  (nematic)  mesophase  when  heated  above 
70*C.  The  major  photochemical  reactions  of  this  type  of 
polymer  are  cyclobutane  formation  (leading  to  polymer 
crosslinking)  and  photo-Fries  rearrangement  We  will  present 
evidence  from  absorption  and  fluorescence  spectroscopy  for 
formation  of  K-aggregates  of  the  chromophores  in  the  nematic 
LC  phase.  This  effect  leads  to  a  wavelength  dependence  of  the 
polymer  photochemistry,  both  in  the  nematic  mesophase  and  in 
the  frozen  nematic  phase  that  is  formed  upon  cooling  the 
nematic  polymer  below  its  Tg.  This  can  be  exploited  to  produce 
exclusively  the  cyclobutane  adduct. 

SI.  5 

MULTIFUNCTIONAL  DEVICE  APPLICATIONS  OF  NONLINEAR  OPTICAL 
POLYMER  MATERIALS.  Rick  Lvtel  and  Ferris  Lipscomb,  Research 
and  Development  Division,  Lockheed  Missiles  and  Space  Co., 
Inc.,  D-9701,  B-202,3251  Hanover  St.,  Palo  Alto,  CA  94304 

Vie  describe  a  new,  Integrated  approach  for  high-speed  opti¬ 
cal  Interconnection  packages  for  Integrated  circuits.  This 
approach  Is  based  upon  the  use  of  active  polymer  waveguides 
and  switches  to  provide  efficient  light  distribution  and 
modulation  In  an  Integrated  package. 


Sol-gel  processing  oilers  the  potentisl  lor  near  net  shape  casting  ol 
ceramics  and  glasses  with  ultrahigh  purity  and  homogeneity.  The  current 
status  ol  achieving  these  edvantages  In  silica  optical  components  of  up  to 
76  mm  diameter  Is  discussed. 

Two  new  types  ol  optical  silica  have  been  developed  using  organometaNic 
sot-gel  processing.  Fully  dense  (Type  V)  gel-silica  has  excellent  optical 
transmission  throughout  the  vacuum  UV,  UV,  vis,  NIR,  and  IR.  Physical 
properties  and  structural  characteristics  ol  Type  V  gel-silica  arc  generally 
equivalent  or  superior  to  the  best  grades  ol  Types  MV  optical  silicas;  e.g., 
the  coefficient  ol  thermal  expansion,  OH  content,  and  dispersion  of  Type  V 
gel-silica  Is  lower  than  Types  MV.  The  UV  cut-off  ol  Type  V  gel-silica  ha* 
been  Improved  to  <  160  nm,  due  to  lower  OH  contents  as  shown  by  quantum 
cluster  calculations. 


We  will  first  present  a  brief  review  of  our  recent  work 
toward  achieving  practical  electro-optic  polymer  waveguide 
devices.  This  will  Include  recent  experimental  results  on 
poling  of  channel  waveguides,  and  device  architectures, 
designs,  and  performance.  We  will  then  apply  this  work  to  a 
novel,  Integrated  packaging  approach  using  active  polymer 
waveguides  for  Interconnects  and  switches.  This  approach 
places  specific  requirements  on  the  materials  to  ensure  com¬ 
patibility  with  package  fabrication  and  assembly.  We  will 
present  the  technology,  show  Its  scope  and  applications,  and 
Its  Implications  for  polymer  electro-optic  materials. 

SI. 6 


Optically  transparent  porous  gel-silicas  are  termed  Type  VIA,  B,  or  C 
depending  upon  the  total  pore  volume,  density,  surface  area  and  microhard¬ 
ness.  Type  VIA  gei-slilca  ha*  a  density  that  la  60-70%  that  ol  full  density 
vitreous  silica  (Types  l-V)  with  a  total  pore  volume  ol  0.17  to  0.37  cc/g.  The 
pores  are  Interconnected  with  an  average  radius  ol  only  1.2  nm  and  surface 
area  of  200-600  m'/g.  Type  VIA  aWca  can  be  impregnated  with  a  broad 
rang*  of  optical  polymer*  or  compound*  with  excellent  transmission  out  to 
200-200  nm.  Type  VIB  porous  gs+siilca  ha*  a  smaller  total  port  volume  and 
somewhat  larger  pore  size.  Type  VIC  has  a  density  06-100%  of  vitreous 
silicas  with  a  UV  cut-off  to  106-166  nm. 

Both  Types  V  and  VI  gai-silica  offer  the  advantage  ol  near  not  shape  casting 
including  the  ability  to  form  Internal  cavities  using  a  lost  wax  process. 
Example*  Include  a  cast  lightweight  mirror  with  Integral  lace  plat*  and 
lightweight  backing  and  porous  substrata*  lor  scintillation  counter,  liquid 
crystal  display,  and  planar  waveguides. 


EXPLORATORY  STUDIES  OF  NEW  NL0  AND  PIEZOELECTRIC  POLYMERS. 
H  V  Hall .  Jr. .  Anne  B.  Padias,  Francesco  Fuso,  Zhende  NI, 
Michael  A.  Mitchell,  Thomas  Leslief,  Chemistry  Department, 
University  of  Arizona,  Tucson,  AZ  85721 


Earlier  ve  synthesized  the  first  AB  polymers  containing 
NLO-phores  along  the  main  chain.  (J .  Hacromol.  Scl.-Chem 
1988)  The  general  structure  vas 

CN 


-0-(CH2) 


C0- 


X  -  0,  s 


When  the  donor  vas  oxygen,  tractable  NLO-actlve  polymers 
with  qualitatively  good  physical  properties  were  obtained. 
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How  we  have  extended  this  work  to  sulfur  as  the  donor  atom. 
Again,  good  filns  capable  of  orientation  were  obtained. 
Methacrylate  and  acrylate  polymers  containing  this  NLO- 
phore  in  the  side-chains  were  synthesized,  permitting  a 
comparison  for  the  first  time  of  main  vs.  side-chain 
placenent . 

We  are  synthesizing  tetracyano- cyclopropane  and  -cyclo¬ 
butane  monomers  as  novel  piezoelectric  materials 
Synthesis  and  polymerization  of  two  styrene  monomers 
containing  the  2 , 2 , 3 , 3- tetracyano  cyclobutane  substituent 
will  be  described. 

tHoechst-Celanese,  Summit,  NJ  07901 

51. 7 

POLYMER-SALT  COMPLEXES,  APPLICATION  AND  NATURE  OF 
THE  CHEMICAL  BONDS .  G.A.  Nazri ,  D . M .  MacArthur , 
General  Motors  Research  Laboratories,  Warren,  MI 
48000,  R.  Aroca,  University  of  Windsor,  Windsor 
Ontario  NOB  3P4,  Canada 

Polymer  electrolytes  are  attracting  interest 
because  of  potential  application  in  solid  state 
batteries  and  electrochromic  windows.  In  this 
work,  we  report  the  performance  of  polymeric 
electrolytes  in  several  galvanic  cells.  The  nature 
of  the  chemical  bonds  and  ion  association  in 
polymer-salt  complexes  were  studied.  The 
fundamental  vibrational  frequencies  of  the 
polymers  and  lithium  salts  were  calculated  and  the 
band  assignments  agree  quite  well  with  the 
frequencies  obseved  in  Raman  and  IR  specra.  The 
strong  electrostatic  interactions  of  the 
disociated  salt  with  the  polymers  induced  changes 
in  the  intensity  of  the  Raman  bands  and  IR 
absorption  bands  of  the  polymer.  The  Raman  and  IR 
spectra  of  the  polymer-salt  complexes  clearly  show 
the  exiBtance  of  "free"  ions,  ion-pairs  and  salt 
cluster  at  various  concentrations  of  the  lithium 
salt.  The  maximum  concentration  of  "free"  ions 
deduced  from  the  spectroscopy  is  in  excellent 
agreement  with  the  salt  concentration  required  to 
obtain  maximum  ionic  conductivity. 

51. 8 

STUDY  ON  DIOPSIDE  WHISKERS  PRECIPITATION  TYPE 
HYDROXYAPATITE.  T .  Honwa i  TDK  Corporation.  R  i  D 
Center,  2-15-7  H  i  gash  i -Ohwads ,  Ichikswa-shi,  Chiba- 
ken,  27 2 „  Japan 


Hydroxyapatite  (HAP)  is  a  b  iocoipat  ib  le  aaterial 
and  has  been  used  as  an  artificial  bone  or  teeth 
■aterial.  However,  the  use  rente  is  often  liaited 
because  of  low  aechanlcal  strentth. 

Therefore  ,  we  investigated  how  to  wake  the 
composite  aaterial  in  which  whisker  is  distributed 
in  aatrix  to  five  hither  strength.  The  fixed 
powder  of  HAP  and  diopside  was  heated  to  lake  this 
coaposite  aaterial. 

The  sintering  of  HAP  and  the  precipitation  of 
whisker  were  exaained  ,  to  find  a  aethod  of  aaklng 


thea  occur  s i au 1 1 aneous  I y . 

Also,  diopside  was  added  to  HAP  and  sintering 
at  12Q0'C  for  2  hours  was  done.  As  a  result 
of  these  investigations  ,  diopside  whisker  of 
aspect  ratio  10  —  15  was  foraed.  Moreover,  the 
glass  phase  of  CaO — S 1 02  — P2O5 —  HgO  systea  was 
generated  at  the  interface  of  HAP  and  whisker. 

The  bending  strengh  of  this  sintered  body  was 
300HPa  and  KIC  was  3.2XPaVa. 

52.1 

NOVEL  ELECTROACTIVE  AND  NONLINEAR  OPTICAL  HETEROSTRUCTURES. 
Eflras  N.  Prasad,  Photonics  Research  Laboratory,  Department 
of  Chemistry,  State  University  of  New  York  at  Buffalo 
Buffalo,  NY.  ’ 

This  talk  will  focus  on  several  novel  Molecular  and 
Polymeric  Heterostructures  prepared  In  our  laboratory  which 
have  Interesting  electroactive  and  nonlinear  opt1r*i  proper- 
tjes.  Time-resolved  studies  of  excitation  and  carrier  dyna¬ 
mics  will  be  presented.  The  nonlinear  optical  response  has 
been  studied  using  second  harmonic  generation  and  fem¬ 
tosecond  degenerate  four  wave  mixing,  the  latter  being  used 
for  the  Investigation  of  third-order  nonlinear  optical 
effects.  Results  will  also  be  presented  from  optical  wave  - 
guide  studies. 

52.2 

ENHANCEMENT  OF  THIRD  ORDER  NONLINEARITY  ON 
PHTHALOCYANINE  COMPOUNDS.  Masahiro  Hosoda. 

Tatsuo  Wada,  Akira  Yamada,  Anthony  F.  Garito  and 
Hi royuki  Sasabe,  Frontier  Research  Program 
(RIKEN),  Wako,  Saltama  351-01,  Japan 

Organic  conjugated  compounds  which  exhibit 
third  order  nonlinear  optical  effect  and  have 
excellent  processability  can  be  prospective 
candidates  for  some  photoresponsi ve  devices. 

We  report  that  macrocycllc  compounds  having 
two  dimensional  Tr-electron  conjugated  system, 
that  1  s ,  soluble  metal  Tophthalocyanlne  derivatives 
show  large  third  order  nonlinear  responses  and  can 
be  easy  to  get  a  thin  film  of  molecularly  doped 
polymer  by  conventional  spin  coating  technique. 

The  alkyl -substituted  metallophthalocyanines  were 
synthesized  and  fully  characterized.  Third  order 
nonlinear  optical  suscept1bll1ty(X(3) )  and  molecu¬ 
lar  optical  susceptibility  (7)  of  the  thin  film 
were  determined  by  rotational  Maker  fringe  meas¬ 
urement  of  optical  third  harmonic  generation. Thl  rd 
order  nonlinear  optical  susceptibility  of  alkyl- 
substituted  metallophthalocyanlne  is  10”' ^su 
order.  This  value  is  a  tenth  magnitude  of 
of  non-substltuted  one  showing  almost  the  same 
magunltude  as  polydiacetylene.  According  to  x-ray 
scattering  and  optical  absorption  spectroscopy  of 
their  two  compounds,  the  above  result  was  suggest¬ 
ed  to  be  dependent  on  the  different  stacking 
arrangements . 

We  will  propose  that  a  kind  of  Intermoleculer 
Interaction  on  two-dimensional  conjugated  system 
plays  an  Important  role  for  the  enhancement  of 
third  order  optical  nonlinearity. 

S2.3 

TRANSPORT,  OPTICAL  PROPERTIES  AND  PH0T0EXCITATI0NS  IN 
LADDER  TYPE  POLYMERS.  I.  Belelsh,  D  Devldov  and  C.  Rettort, 
Rflcah  Institute  of  Physics,  Hebrew  University  of  Jerusalem, 
Israel;  end  M.R.  McLean,  L.R.  Dalton  end  L.P.  Yu,  Department  of 
Chemtstry,  University  of  Southern  California,  Los  Angeles, 
California. 
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Ladder  type  polymers  like  BBB,  BBL  and  PQL  can  be  processed  to 
achieve  films  with  excellent  planner  alignment  and  mechanical 
properties.  Heat  treatment  and  pyrolysis  can  change  the 
conductivity  dramatically  and  can  induce  phase  transformation 
to  a  new  ladder-type  polymer  with  high  intrinsic  conductivity 
(-200  s/cm).  This  phase  transformation  occurs  at  a  pyrolysis 
temperature  of  Tp  =  (600  *  50)°C.  The  conductivity  is  dominated 
by  hopping  between  localized  states  according  to  the  anisotropic 
varioble  range  hopping  model.  The  life-time  of  the 
photoexcitations  at  different  wavelength  of  the  exciting  laser 
was  studied  by;CW  LESR  and  photoconductivity  as  well  as  by 
transient  photoconductivity.  The  photogenerated  spins  decay 
slowly  with  two  different  characteristic  times.  The  decay  of 
the  photogenerated  charges  is  significantly  faster.  We 
demonstrate  that  the  unique  transport,  optical  and  mechanical 
properties  of  ladder  polymers  may  be  used  to  fabricate  fast 
switching  devices.  A  device  consisting  of  miniature  conducting 
microstructure  in  a  completely  transparent  insulating  ladder 
polymer  was  developed  in  our  laboratory. 

S2.4 

DESIGN,  CHARACTERIZATION,  AND  OPTICAL  PROPERTIES  OF 
PHOSPHAZENE-BASED  POLYMERS.  Gregory  J.  Exarhos.  and 
William  D.  Samuels,  Pacific  Nortnwest  Laboratory,  P.O. 

BOX  999,  MS  K2-44,  Richland,  WA  99352,  and  Kevin  M.  Crosby, 
Physics  Department,  Beloit  College,  Beloit,  WI  53511. 

Multifunctionality  In  linear  Inorganic  polymer  systems  can 
be  attained  through  replacement  of  functional  side  groups  by 
organic  or  Inorganic  moieties  or  through  the  formation  of 
homogeneous  mixed  polymer  blends.  Ongoing  work  In  this 
laboratory  has  shown  that  the  chemical  nature  of  the 
substitutional  side  group  In  polyphosphazenes  Influences  the 
dispersion-lubrication  properties  of  colloidal  suspensions 
thereby  affecting  particle  packing  during  consolidation. 

A  key  parameter  for  these  Interactions  was  found  to  be  the 
electron-withdrawing  power  of  the  substitutional  group. 
Phosphazene  polymers  also  exhibit  desirable  optical 
properties  which  can  be  exploited  in  device  applications. 

For  example,  many  of  these  phosphorus-nitrogen  containing 
materials  form  clear  transparent  films  with  good 
transmission  properties  into  the  ultraviolet  region  of  the 
spectrum.  In  addition,  they  exhibit  good  radiation  and 
optical  laser  damage  resistance. 

Recent  work  In  this  laboratory  Involves  the  development  of 
phosphazene  polymers  that  exhibit  non-linear  optical 
activity.  Modification  of  the  Intrinsic  optical  response  of 
the  phosphazene  chain  is  achieved  through  substitution  of 
functional  side  groups.  The  Influence  of  side  group 
electronegativity  and  extent  of  electron  delocalization  on 
optical  properties  will  be  presented. 

S2.5 

ORGANIC,  ORGANOMETALLIC  AND  POLYMERIC  MATERIALS 
WITH  UNUSUAL  NONLINEAR  OPTICAL  AND  ELECTRONIC 
PROPERTIES.  Seth  R.  Marder.  Joseph  W.  Perry.  Jet  Propulsion 
Laboratory,  California  Institute  of  Technology,  4800  Oak  Grove  Drive, 
Pasadena,  CA,  91109;  Eric  J.  Ginsburg,  Christopher  B.  Gorman  and 
Robert  H.  Grubbs.  Department  of  Chemistry,  California  Institute  of 
Technology,  Pasadena,  CA,  91 125. 

A  series  of  over  50  organic  salts  in  which  the  cation  has  been  designed 
to  have  a  large  molecular  hyperpolarizability  have  been  prepared. 
Variation  of  the  counterion  (anion)  in  many  cases  leads  to  molecules 
with  very  large  macroscopic  second-order  optical  nonlinearities  as 
evidenced  by  the  Kurtz  powder  technique.  One  salt  has  a  second 
harmonic  generation  powder  efficiency  roughly  2000  times  that  of  the 


urea  reference  standard.  X-tay  studies  demonstrate  that  for  several  of 
the  compounds  a  highly  polar  orientation  of  the  chromophore  in  the 
crystal  lattice  is  achieved.  The  methodology  has  also  successfully  been 
applied  to  organometallic  chromophores  incorporating  the  ferrocenyl  or 
ruthenocenyl  moieties  as  the  donors. 

We  have  also  been  utilizing  soluble  well  defined  organometallic 
catalysts,  to  prepare  conjugated  polymers  by  ring  opening  metathesis 
polymerization  (ROMP).  ROMP  of  substituted  cyclooctatetraene 
monomers  yields  new  polyacetylene  derivatives  which  have  a 
substituent  on  every  eighth  carbon  (on  the  average).  In  many  cases 
these  polymers  can  be  oxidatively  doped  to  a  conductive  state.  In  the 
case  of  poly(octylcyclooctatetraene)  a  conductivity  of  50  IV'cnr1  was 
observed.  We  are  examining  the  third-order  nonlinear  optical  properties 
of  these  materials.  The  substitution  tends  to  make  the  polymers 
amorphous  and  as  a  result  the  materials  exhibit  much  lower  scattering 
losses  than  does  the  crystalline  unsubstituted  polyacetylene  prepared  by 
ROMP.  Some  of  the  polymers  are  soluble  and  thin  films  of  these 
materials  can  be  prepared  by  spin  coating. 

52.6  ABSTRACT  NOT  AVAILABLE 

52.7 

SYNTHESIS  AND  PROPERTIES  OF  MULTIFUNCTIONAL  POLYMERS. 
Goldberg.  A.J.  East,  I.L.  Kalnln,  R.E.  Johnson,  H.T.  Han, 
R.A.  Keoslan,  and  D.  Karim,  Hoechst  Celanese,  86  Morris 
Avenue,  Summit,  NJ. 

Recent  work  aimed  at  developing  new  polymers  which  exhibit 
useful  optical  (and/or  electro-optical)  and  piezoelectric 
properties  will  be  presented.  The  materials  under  study 
Include  polymers  with  methacrylate  backbones  and 
nltrostllbene  side  chains  as  well  as  new  polyvinyl Idene 
cyanide  based  copolymers.  The  synthesis  of  high  purity 
monomers  as  well  as  the  polymerizations  will  be  described. 

In  addition,  pyro-electrlc,  electro-optic,  thermal,  electri¬ 
cal  and  optical  property  data  will  be  reported.  The 
dependece  of  these  properties  (as  well  as  Important  secon¬ 
dary  properties  such  as  thermal  stability  and  mechanical 
properties)  on  composition,  structure,  and  processing  con¬ 
ditions  will  be  discussed. 

S2-8 

MOLECULAR  DESIGN  OF  SYNTHETIC  POLYPEPT I DES  FOR 
NONLINEAR  OPTICS.  Takafuml  Ishi 1 .  Tatsuo  Wada, 
Akira  Yamada,  Anthony  F.  Garito,  and  Hiroyuki 
Sasabe,  Frontier  Research  Program  (RIKEN), 
Hlrosawa  2-1,  Wako,  Saitama,  351-01,  Japan 

Introducing  electron  donor  and  acceptor  to  highly 
conjugated  n  electron  system  is  a  common  method 
to  enhance  molecular  second  order  hyperpolariza- 
billty.  However,  this  sometimes  reduces  transpar¬ 
ency  limiting  its  application  severely. 

Poly(  r -benzyl  L-glutamate)  ( PBLG) ,  a  typical  a- 
helical  synthetic  polypeptide,  is  known  to  have 
extraordinarily  large  molecular  second  order 
hyperpolarizability,  B  .  (  ex.  B  =  5  x  10-^8  esu 
for  PBLG,  Mw=550,000)  which  arises  from  many 
carbonyl  groups  aligned  parallel  in  a  polymer 
chain  ,  and  this  polymer  shows  excellent  transpar¬ 
ency.  Large  macroscopic  nonlinear  susceptibility 
may  be  achieved  by  controll ing  molecular  orienta¬ 
tion  by  regulating  molecular  weight,  and  there  is 
a  possibility  to  enlarge  Its  molecular  nonlineari¬ 
ty  by  chemical  modification. 

From  this  point  of  view,  nltro  group  was  intro¬ 
duced  into  side-chain  of  PBLG  (Mw=44,000),  in 
order  to  enhance  microscopic  hyperpolarizability, 
and  we  made  co-polymers  with  poly ( r  -dodecyl  L- 
glutamate)  to  improve  Its  solubility  and  fablica- 
blllty.  Second  order  molecular  nonlinearity  was 
determined  by  DCSHG  measurement  at  a  wavelength 
of  1064  nm. 
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S2.9 

MULTIFUNCTIONAL  MACROMOLECULES  -  SOME  DEVICE  OPTIONS. 

Michael  R.  Worbovs.  Michael  S.  Griffith  and  Nicholas  A. 

Davis,  GEC-Marconi  Research  Centre,  Great  Baddow,  Essex, 

U.K. 

Multifunctional  macromolecules  are  Materials  which  exhibit 
■ore  than  one  active  function,  e.g.  nonlinearity  and 
pyroelectricity,  In  the  same  Material.  This  opens  up  new 
possibilities  for  device  design  and  Implementations.  We 
have  considered  a  number  of  possible  devices  and  Identified 
the  material  properties  required  for  successful  device 
Implementation.  In  many  cases  It  was  found  that  at  least 
two  active  properties  were  required.  From  the  range  of 
possible  devices,  the  device  options  have  been  reduced  to 
three  classes  of  device,  of  which  two  proof-of-prlnclple 
devices  have  been  Investigated  and  are  now  under 
construction. 

This  paper  describes  results  of  the  Inltal  fabrication  and 
characterisation  of  the  two  proof-of-prlnclple  devices.  The 
devices  are  a  light  modulated  deformable  mirror  (using  a 
photoconductor  and  a  piezoelectric  layer)  and  an  optically 
modulated  electro  optic  dual  layer  (using  a  photoconductor 
and  an  electro-optic  layer). 

53 . 1 

MULTIFUNCTIONAL  ENGINEERING  MATERIALS  -  RE  V  IE  W 
AND  PROJECTIONS.  John  D.  Mackenzie.  Department  of  Materials 
Science  and  Engineering,  University  of  California,  Los  Angeles,  CA 
90024-1595 

Multifunctional  engineering  systems  made  up  of  different  material 
components  each  providing  primarily  a  single  function  are  well  known. 
Frequently,  even  for  a  monofunctional  application,  the  material 
component  must  already  have  an  optimum  set  of  properties  to  fulfill  that 
function.  It  would  be  desirable  to  have  multifunctional  material 
components,  but  it  is  obvious  that  the  development  of  such  materials  can 
be  difficult  In  this  paper  multifunctional  engineering  materials  which 
have  been  successfully  developed  are  received.  More  recently,  some 
new  inorganic  ,  and  inorganic-organic  material  systems  have  been 
developed  on  a  laboratory  scale.  These  include  inorganic  crystals, 
intercalated  materials  and  nanocomposites.  Their  structure, 
microstructure,  processing  and  properties  will  be  discussed  and 
projections  made  for  their  future  applications. 

53. 2 

MULTIFUNCTIONAL  FERRO I C  NANOCOMPOSITES.  R.E.  Newnham.  H. 
Ikawa,  S.E.  McKInstry,  Materials  Research  Laboratory, 
Pennsylvania  State  University,  University  Park,  PA. 

During  the  past  decade,  we  have  developed  a  large  family  of 
microcomposite  materials  for  use  as  electromechanical  trans¬ 
ducers,  PTC  and  NTC  thermistors,  piezoresistors,  and  ehem- 
clal  sensors.  The  constituent  phases  of  such  composites  are 
typically  on  the  scale  of  Microns  In  at  least  one  dimension. 
Recently,  though,  there  Is  a  sense  of  excitement  as  a  number 
of  different  technologies  come  together  In  a  synergistic 
manner  to  Miniaturize  and  Integrate  composites  Into  a  wide 
variety  of  optoelectronic  systems.  In  the  field  of  cera¬ 
mics,  for  example,  the  development  of  chemical  preparation 
methods  has  led  to  an  overall  reduction  In  processing  tem¬ 
peratures  and  the  ability  to  prepare  nanometer-sized  par¬ 
ticles.  The  simultaneous  Introduction  of  polylmldes  and 
other  polymer  systems  stable  at  high  temperatures  allows,  for 
the  first  time,  the  co-processing  of  ceramic  and  polymer 
nanocoMposIte  systems  for  electronic  applications. 

Many  of  the  whisker  and  precipitate  strengthened  materials 
used  for  structural  components  can  be  considered  nanocom¬ 
posites.  This  paper,  however,  concentrates  on  the  recent 
devleopMents  In  the  field  of  electroceraMlc  nanocomposites, 
laying  particular  eophasls  on  the  role  of  the  ferrolc 
materials  now  utilized  as  soft  ferrite  transformers,  barium 
tltanate  multilayer  capacitors,  toughened  zlrconla  engine 
parts,  lead  zlrconate-tltanate  transducers,  and  doped  barium 
tltanate  PTC  thermistors.  The  effect  of  nano-scale  on  both 


the  material  property  coefficients  of  these  systems  and  on 
their  phase  transitions  Is  also  discussed. 

53. 3 

APPLICATION  OF  SOL-GEL  DERIVED  NANOCOM¬ 
POSITES  TO  SOLID  STATE  EPITAXIAL  GROWTH  OF 
OXIDES  AND  SELECTED  SEMI-CONDUCTORS.  Rusium 
Rov.  S.  Komameni  and  A.M.  Kazakos,  Materials  Research 
Laboratory,  The  Pennsylvania  State  University,  University 
Park,  PA  16802-4801. 

We  have  extended  our  proof  of  solid  state  epitaxy  in  SSG 
derived  nanocomposites  such  as  ThSiO«t  [ noncrystalline]  + 
ThSiQHthorite)  and  ThSi04-[noncrystalline]  +  ThSiC>4- 
[huttonite]  to  cases  where  the  crystalline  phase  is  a  single 
crystal. 

Data  will  be  presented  on  phases  crystallizing  from  xerogels  of 
the  same  composition  deposited  on  clean  single  crystals 
(including  different  orientations)  of  AI2O3;  spinel;  T1O2;  Si;  etc. 

These  show  varying  degrees  of  oriented  overgrowth  from  nearly 
single  to  slight  morphological  preference.  For  an  example, 
boehmite  coatings  on  AI2O3  single  crystals  led  to  the  growth  of 
needle-shaped  grains  with  the  same  orientation  as  that  of  the 
single  crystal  while  the  same  coatings  on  a  polycrystalline  a- 
AI2O3  substrate  led  to  random  overgrowth. 

53. 4 

CONTROL  OF  YBa2Cu30,  and  BaTiO«  SOL-GEL 
SOLUTION  STRUCTURE  BY  CHEMICAL  MODIFICATION 
OF  ORGANIC  ACIDS.  Haixing  Zheng  and  J.D. Mackenzie, 
Department  of  Materials  Science  and  Engineering,  University  of 
Califomia-Los  Angeles,  Los  Angeles,  CA  90024 


Preparation  of  different  forms  (monoliths,  films  and  fibers)  of  materials 
ivia  sol-gel  process  require  that  the  solutions  have  different  structure. 
Modification  of  alkoxide  solutions  by  organic  acid  slows  down  the 
hydrolysis  rate  and  control  the  polymerization  reaction,  consequently 
yields  the  solutions  with  different  structure.  In  this  work,  the  effect  of 
chemical  modification  of  alkoxides  (YBaiCujfOPrifij,  and  BaTi(OPr*)6) 
by  organic  acids  has  been  investigated.  It  is  found  that  the  connectivity  of 
the  oxide  network  increase  with  decreasing  concentration  of  organic  acids 
and  thus  change  the  solutions  from  spinal  (fiber  drawing  solutions)  to 
non-spinal.  This  change  of  the  structure  results  in:  (1)  ease  of  the 
formation  of  desired  phases;  (2)  denser  microstructure  with  finer  grains. 

S3. 5 

P0LY(ARYLENE  ETHER)  OR  P0LYIMIDE- SILICATE  HYBRIDS  VIA 
SOL-GEL  ULTRASTRUCTURE  PROCESSING.  M.  Splnu.  A.  Brennan, 

G.L.  Wilkes  and  J.E.  McGrath,  Departments  of  Chemistry  and 
Chemical  Engineering,  National  Science  Foundation  Science 
and  Technology  Center:  High  Performance  Polymeric  Adhesives 
and  Composites,  Virginia  Polytechnic  Institute  and  State 
University,  Blacksburg,  VA  24061. 

Methodologies  have  been  outlined  and  demonstrated  which  per- 
mlt  the  well  defined  functionalization  of  high  performance 
aromatic  polymer  precursors  which  allow  utilization  In  cera¬ 
mic  type  structure.  The  first  example  Investigated  has  been 
to  produce  amino  terminated  poly(arylene  ether) s  or  fully 
Imldlzed  polylmldes  which  can  be  quantitatively  derlvatlzed 
to  nadlmlde  structures  through  the  reaction  of  the  amine 
functional  oligomers  with  norbornene  2, 3-dl carboxyl  1c 
anhydride.  The  subsequent  nadlmldes  were  quantitatively 
derlvatlzed  via  hydrosllatlon  reactions  of  dlMethoxy  or  trl- 
methoxy  silane  under  chloroplatlnlc  acid  catalyzed  con¬ 
ditions.  The  resulting  tetra  or  hexa  methoxy  silanes  were 
hydrolysed  and  co-condensed  under  conditions  previously 
developed  for  slloxane  modified  materials  to  allow  the 
desired  structure  to  be  produced  by  a  sol-gel  ultrastructure 
processing.  The  synthesis  and  characterization  of  these 
Materials  will  be  reported. 
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53. 6 

PROTECTIVE  COATINGS  FOR  HYPERSONIC  VEHICLE 
APPLICATIONS.  .1  Cnvino  AND  K.  Klemm,  Research  Department, 
Naval  Weapons  Center  China  Lake  Ca.  93555-6001. 

Protective  coatings  for  both  Ti-AI  alloys  and  lor  C-C  composites  have 
Been  synthesized  and  characterized  for  hypersonic  vehicle 
applications.  Coatings  o(  choice  must  show  protection  against  oxygen 
and  hydrogen  both  under  mild  environments  of  low  flows  and  low 
temperatures  as  well  as  severe  environments,  of  high  flows  and  high 
temperatures.  Aluminum-silicate  glass  ceramics  were  chosen  as 
coating  candidates  because  they  are  materials  which  are  stable  to 
temperatures  of  1500°C  ,  are  nonreactive  to  oxygen  and  have  minimal 
reactivity  with  respect  to  hot  hydrogen.  This  paper  will  discuss  the 
chemistry  of  the  coating  synthesis  and  application  as  well  as  the 
characterization  of  such  coatings. 

The  synthetic  process  used  in  this  work  is  the  sol-gel  process.  The 
desired  chemical  composition  of  the  coatings  was  made  by  dissolving 
the  corresponding  metal  alkoxides  in  and  aqueous  solution  followed  by 
a  controlled  dehydration  and  heat  treatment  to  obtain  stable  coatings. 
Composition,  viscosity,  firing  temperature  and  conditions  were  all 
important  parameters  which  need  to  be  controlled  in  order  to  obtain 
stable  crack-free  coatings. 

The  coatings  were  characterized  using  elemental  analysis,  X-ray 
diffraction,  Scanning  electron  microscopy,  heat  treatments  in  both 
hydrogen  and  oxygen  and  some  hydrogen  permeation  measurements. 
These  measurements  will  be  presented  and  discussed. 

53. 7 

HIGH  COMPRESSIVE  STRENGTH  ORDERED  POLYMER  FIBERS  AND  FILMS 
VIA  SOL-GEL  MICROCOMPOSITE  PROCESSING.  Robert  F.  Kovar.  R. 
Ross  Haghlghat  and  Richard  W.  Luslgnea,  Foster-Miller,  Inc., 
350  Second  Avenue,  Walthan,  MA,  and  Lawrence  T.  Drzal, 
Michigan  State  University,  East  Lansing,  MI. 

Sol-gel  glass  mlcroconposlte  processing  of 
poly(benzoblsthlazole)  (PBZT)  f 1 1ms  Increased  the 
C oppressive  strength  of  PBZT/PEEK  flip  laminates  by  sore 
than  four  tlpes.  The  presence  of  glass  within  plcro- 
flbrlllar  regions  of  PBO/sol-gel  glass  elcrocopposlte  fibers 
Inhibited  plcro-buckllng  during  compression  and  greatly 
Increased  their  resistance  to  compressive  failure. 

Studies  of  PBZT/sol-gel  glass  mlcrocompostte  film  morphology 
conducted  at  UMass  by  E.L.  Thomas  and  Penn  State  by  C. 
Pantano  Indicated  that  sol-gel  glass  precursor  solutions  had 
condensed  within  PBZT  films  to  produce  a  fine  scale  (100-300 
A)  granular  structure,  homogeneously  distributed  throughout 
PBZT  lamellae  of  microfibrils. 

In  a  parallel  effort,  we  have  successfully  extended  sol-gel 
microcomposite  processing  technology  to  the  Improvement  of 
compressive  strength  In  ordered  polymer  fibers.  Details 
concerning  our  results  will  be  discussed. 

53. 8 

SOL-GEL  ETAL0NS  FOR  10N  LASERS.  Nicholas  0,  Phillips. 
Department  of  Physics,  Loughborough  University  of 
Technology. 

This  paper  addresses  developments  In  the  understanding  of 
Intra  cavity  elements  In  Ion  lasers  using  sol-gel  prepared 
glass.  A  novel  form  of  Interferometry  was  reported  earlier 
this  year  at  the  Ilkley  review  meeting  in  which  measurements 
of  the  thermal  dispersion  factor  were  discussed. 

Following  from  these  beginnings,  we  look  again  at  the  fabri¬ 
cation  of  working  stalone  for  Ion  lasers  with  special 
emphasis  on  practical  elements  of  high  conversion  effi¬ 
ciency.  Of  special  Interest  are  two  cases  of  application: 

In  the  near  ultra-violet  part  of  the  spectrum  and  applied  to 
the  generation  of  achromatic  single  mode  behavior  for 
polychromatic  lasers  used  in  multicolour  holography. 


S3. 9 

DESIGNING  PORE  SIZE  IN  SILICA  AND  ALUMINOSILICATE 
GELS.  H.  Kido,  P.  B.  Malla  and  S.  Komameni,  Materials  Research 
Laboratory,  The  Pennsylvania  State  Univetsity,  University  Park,  PA. 

Porous  solids  are  known  to  be  ideal  candidates  for  catalytic  activities  and 
for  the  study  of  the  effect  of  confined  space  on  the  properties  of  fluids. 
An  ability  to  design  pores  of  varying  size  and  uniform  distributions  in 
solids  is  very  important  to  deleneate  the  effect  of  varying  degree  of 
restrictive  geometry  on  fluid  properties.  In  addition,  pore  size  and  its 
structure  are  some  of  the  most  important  parameters  that  govern  the 
amount  and  the  rate  of  vapor  adsorption  on  die  surfaces  of  solids,  and 
consequently  determine  the  shape  of  the  adsorption  isotherm.  Large  pores 
facilitate  multilayer  adsorption  of  vapors  such  as  water  and  nitrogen  and 
exhibit  type  II  or  type  IV  isotherm,  whereas  multilayer  adsorption  is 
physically  not  possible  in  small  pores  and  therefore  the  adsorption  follows 
type  I  isotherm.  This  paper  aims  at  describing  the  synthesis  of 
microporous  silica  gels  of  varying  pore  sizes  and  their  water  sorption 
properties. 

A  series  of  microporous  silica  gels  of  varying  pore  sizes  (pore  diameter 
<  1 5  A)  were  synthesized  by  hydrolyzing  tetramethyloithosilicale  (TMOS) 
with  varying  amounts  of  water.  No  catalyst  or  alcohol  was  added. 
Although  the  gelation  time  for  all  water/TMOS  ratios  (R)  was 
approximately  the  same  (about  3  hr),  the  pore  size  was  found  to  be 
minimum  at  R  -  4.96,  and  it  increased  with  both  increasing  and 
decreasing  R.  The  sample  prepared  at  R  *  4.96  exhibited  moderate  type  I 
isotherm  which  changed  to  type  TV  with  decreasing  or  increasing  R.  The 
effect  of  aluminum  addition  on  the  properties  of  gels  was  also 
investigated.  A  small  decrease  in  pore  size  and  an  increase  in  sorption 
capacity  was  observed  with  the  addition  of  a  small  amount  of  A1  (Si:  A1  • 
98:2).  The  addition  of  aluminum  greater  than  or  equal  to  6%  (Si:Al  s 
94:6),  however  progressively  increased  both  pore  size  and  sorption 
capacity  leading  to  type  IV  isotherm.  The  interpretation  of  die  e fleet  of  R 
and  amount  of  aluminum  addition  on  pore  size  and  shape  of  water 
isotherms  will  be  discussed. 

54.1 

DIELECTRIC  RELAXATION  PROPERTIES  AND  ALIGNMENT 
BEHAVIOUR  OF  LIQUID-CRYSTALLINE  SIDE-CHAIN  POLYMERS. 
Graham  Williams,  University  College  of  Swansea,  U.K.,  and  Frank  E 
Karasz,  University  of  Massachusetts,  Amherst,  Mass.,  U.S.A. 

A  prerequisite  for  the  use  of  liquid-crystalline  (LQ  side-chain  polymers 
as  media  for  digital,  analogue  and  holographic  optical  data  storage,  for 
optical  elements  (e.g.  erasable  Fresnel  zone  plates)  or  for  non-linear 
optics  (e.g.  second  harmonic  generation)  is  that  films  should  be 
prepared  in  well-defined  and  reproducible  states  of  macroscopic 
alignment  It  is  also  important  to  have  available  direct  methods  for 
determining  die  nature  and  extent  of  the  alignment  of  a  particular  film. 

We  describe  the  alignment  behaviour  of  films  of  different  LC  side-chain 
polymers  when  they  are  subjected  to  electrical/thermal  treatments.  The 
alignment  properties  are  monitored  quantitatively  using  dielectric 
relaxation  spectroscopy  (10-105  Hz).  Certain  polymers  may  be  aligned 
homeotropically,  planarly,  or  to  any  intermediate  degree  of  alignment, 
using  low  or  high  frequency  electric  fields  applied  to  films  in  the  LC 
state  or  to  films  being  cooled  from  the  melt  The  rates  of  field-induced 
alignment  and  field-free  disalignment  are  strong  functions  of  the  sample 
temperature  and  its  history. 

The  dielectric  relaxation  spectra  vary  systematically  with  the  degree  of 
macroscopic  alignment  of  the  sample  and  its  temperature.  The 
anisotropic  dielectric  relaxation  behaviour  may  be  explained  in  terms  of 
molecular  theory  whicn  predicts  four  relaxation  modes  for  the 
anisotropic  motions  of  the  dipolar  mesogenic  groups.  The  permittivity 
data  allow  the  director  order  parameter  Sa  to  be  determined  for  a  sample 
having  a  uniaxial  macroscopic  alignment  between  homeotropic  and 
planar.  The  time  dependence  of  Sa  may  be  determined  from  the 
dielectric  data  as  a  sample  is  aligned  in  an  electric  field  (or  disaligns  by 
thermal  processes)  and  such  data  may  be  interpreted  using  macroscopic 
continuum  theory  for  the  LC  phase. 

54.2 

LIQUID  CRYSTALLINE  MATERIALS  FOR  POLYMERS  WITH  ANISO¬ 
TROPIC  ULTRASTRUCTURES.  George  S.  Attard,  Department  of 
Chemistry,  The  University,  Southampton  S09  5NH,  U.K. 
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Liquid  crystalline  phases  are  anisotropic  fluid  phases  characterised  by 
long-range  orientational  order  and  often  varying  degrees  of  spatial  order. 
Liquid  crystalline  materials  are  classified  as  being  either  thermotropic  or 
lyotropic  depending  on  whether  the  driving  force  for  the  formation  of  the 
ordered  phases  is  thermal  or  solvent-induced  self-organisation.  The  rich 
polymorphism  of  both  thermotropic  and  lyotropic  liquid  crystals  can  be 
exploited  to  produce  novel  polymers  with  controlled  ultrastructure. 

Materials  with  anisotropic  ultrastructures  can  be  obtained  by  constructing 
polymers  with  anisometric  groups  in  the  main-chain,  as  pendant  side- 
chains,  or  a  combination  of  both.  The  advantage  of  this  approach  is  that  a 
number  of  chemically  distinct  species  may  be  incorporated  into  a  single 
polymer  chain  without  the  problems  of  immiscibility  normally  encountered 
in  multi-component  systems.  Using  this  approach  it  is  therfore  possible  to 
design  multifunctional  materials  whose  properties  are  optimised  with 
respect  to  particular  applications.  Examples  of  high  T*  photoactive  LC 
side-chain  polymers  with  potential  as  n.1.0.  materials  will  be  described.  In 
practice,  the  main  disadvantage  of  this  approach  is  that  only  a  small 
subset  of  the  varied  LC  polymorphism  can  be  accessed.  In  order  to  achieve 
greater  control  on  the  ultrastructure  a  different  approach  is  required.  This 
involves  the  use  of  polymerisable  LC  monomers  whose  mesomorphic 
structure,  whether  lyotropic  or  thermotropic,  can  be  locked  by  in  situ 
polymerisation.  The  choice  of  polymerisable  unit  which  is  incorporated 
into  a  mesogenic  monomer  is  dictated  by  the  energetics  of  the 
polymerisation  process  and  the  range  of  thermal  stability  of  the 
mesophase  whose  structure  is  to  be  retained  in  the  polymer.  Using  this  route 
it  is  possible  to  prepare  polymers  with  a  range  of  anisotropic 
ultrastructures.  Examples  of  such  polymeric  materials  derived  from 
thermotropic  and  lyotropic  LC  phases  will  be  described. 

54.3 

LIQUID  CRYSTALS  INCORPORATING  METALL  CENTRES 
W.  Haase.  S.  Gohring.  and  B.  Borchers,  Inatitut 
fur  Physikal  iacha  Chemie,  Tachniacha  Hochachula, 
Petareanatr.  20,  D-6100  Darmstadt,  Fadaral  Repub¬ 
lic  of  Germany . 

T  ransi t i onmetal  containing  liquid  cryatala  with 
a.g.  Cu(II)  ahow  intaraating  phyaical  properties 
such  aa  optical  absorption,  paramagnetism,  or 
magnetic  co-operative  phenomena,  aa  well  as  the 
well  known  liquid  crystalline  properties. 

We  report  on  the  synthases,  thermal  data,  and 
optical  microscopy  of  some  new  monomeric  Cu(II)- 
mesogens.  These  compounds  show  a  broad  liquid 
crystalline  phase  range.  The  strategies  for  the 
design  of  polynuclear  mesogens  and  possible  appli¬ 
cation  aspects  as  'Molecular  Ferromagnets '  are 
discussed.  First  results  of  magnetic  investigations 
on  dimeric  Cu( 1 1 (-systems  will  be  reported. 

54 . 4 

DIELECTRIC  PROPERTIES  OF  POLYMERIC  LIQUID  CRYSTALS 
WITH  STRONG  LATERAL  DIPOLE  GROUPS.  W.  Haase  and 
M.  Pfeiffer,  Inatitut  fur  Physi kal i sche  Chemie, 
Technische  Hochschule,  Petersenstr .  20,  0-6100 

Darmstadt,  Fede-al  Republic  of  Germany. 

Recently,  we  and  other  groups  have  described  the 
molecular  dynamics  of  a  series  of  side  chain  liquid 
crystalline  polymers  using  dielectric  spectro¬ 
scopy  and  switching  time  experiments. 

Now  we  report  on  the  properties  of  compounds  with 
strong  lateral  dipole  groups  as  fluorine  or  cyano. 
Their  influences  on  the  different  molecular  modes 
are  evaluated  and  character i zed .  The  side  chains 
used  were  phenyl  benzoates  or  cyel ohexy 1 cycl o- 
hexanes,  the  main  chains  were  pol ymethacry 1 ates . 


S4-5 

SYNTHESIS  AND  PROPERTIES  OF  COMB-LIKE  LIQUID  CRYSTALLINE 
POLYMERS  WITH  ELECTROOPTICALLY  ACTIVE  MESOGENIC  SIDE  GROUPS 
M.  Maeda,  R.S.  Kumar,  A.  Blumataln,  S.K.  Tripathy, 

University  of  Lowell,  Lowell,  MA  0185k;  P,  Sixou*, 

F.  Faubert*,  Laboratolre  de  Physique  da  la  Matlere 
Condensee ,  Unlversite  de  Nice,  Nice,  France. 

In  an  attempt  to  synthesise  side  chain  liquid  crystalline 
polymers  containing  NL0  active  moieties  e  number  of  p- 
substltuted  aromatic  as ome thine  phenols  with  acceptor- 
donor  substituents  such  as  Mc.N,  Me,  R0,  NC  and  NO^ 
were  prepared  and  Incorporated  into  a  polymer  chain  as  side 
groups.  Liquid  crystalline  properties  of  low  molecular 
compounds  composed  of  such  moieties  were  explored 
separately  and  as  mixtures.  Phase  diagrams  were  estab¬ 
lished.  These  intermediate  compounds  of  the  type 
MO(CH,)-0H  (where  M  repreeents  the  substituted  mesogenl 
show  themselves  Interesting  mesomorphic  properties. 

Methacrylic  esters  with  such  moieties  were  also  synthesized. 
Polymers  and  co-polymer  systems  with  acceptor-donor 
substituents  were  obtained.  The  properties  of  such 
systems  were  studied  by  various  techniques  including 
D.S.C.,  polarizing  microscopy  and  thermostimulated 
currents. 

54.6 

THERMOTROPIC  CHIRAL  NEMATIC  POLYMERS  AS  OPTICAL  MATERIALS. 
M.L.  Tsai  and  S.H.  Chen,  Department  of  Chemical  Engineering 
^“Laboratory  for  Laser  Energetics,  University  of  Rochester. 
Rochester,  New  York  14627. 

Liquid  crystalline  polymers  have  been  demonstrated  to  have 
the  potential  of  contributing  to  new  technologies  that  are 
superior  to  existing  ones  based  on  holographic  gratings, 
multilayer  thin  film  interference  coatings  and  low  molar 
mass  liquid  crystals.  Unfortunately,  there  is  a  shortage 
of  polymeric  materials  that  possess  the  desired  thermotropic 
and  optical  properties.  The  focus  of  this  talk  is  on  issues 
related  to  the  structure-property  relationships: 

(1)  Handedness  of  the  helical  structures  presented  by  side- 
chain  polymers  in  relation  to  the  structural  character¬ 
istics  of  the  pendant  chiral  moiety. 

(2)  Dependence  of  the  helical  twisting  power  on  the  chemical 
structures  of  both  the  chiral  and  the  nematogenic  mono¬ 
mers  to  facilitate  the  selective  reflection  wavelength 
tuning  via  comonomer  ratio. 

New  polymer  structures  based  on  chiral  building  blocks  other 
than  the  coimnonly  used  cholesteryl  derivatives  will  be 
presented  to  address  the  afore-mentioned  issues  and  to  furn¬ 
ish  new  materials  with  improved  properties  for  practical 
applications. 

54.7 

MULTI-LAYERS  THIN  FILMS  OF  ACETALYZED  POLY (VINYL 
ALCOHOL)  DERIVATIVES  OBTAINED  BY  THE  LB  METHOD  AND 
THEIR  OPTO-ELECTRONIC  PROPERTIES.  Kiyoshi  Oguchi , 
Yasuhiko  Yokoh,  Kohei  Sanui,  and  Naoya  Ogata, 
Department  of  Chemistry,  Sophia  University,  Tokyo 
102,  JAPAN. 

Acetalyzed  poly (vinyl  alcohol) (PVA)  derived 
from  PVA  and  various  aldehydes  could  form  a  perfect 
monolayer  by  means  of  Langmuir-Blodgett  method, 
when  an  amphiphilic  group  was  incorporated  into  the 
acetal  group.  It  was  found  that  the  monolayer 
of  the  acetalized  PVA  could  be  deposited  onto  both 
hydrophobic  and  hydrophilic  substrates  with  a  de- 
position  ratio  of  1.0  so  that  Y-type  multi-layers 
were  obtained. 

Multi-layers  of  the  acetalized  PVA  were  easily 
cross-linked  by  electron-beam  exposure  and  the 
sensitivity  was  dependent  on  the  length  of  alkyl 
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group  on  acetal  group.  The  cross-linking  reaction 
occured  due  to  the  ring-scission  of  the  acetal 
group  and  the  resolution  of  patterns  was  higher 
than  the  films  obtained  by  spin-coating,  presum¬ 
ably  owing  to  good  molecular  packings. 

Various  non-linear  optical  elements  were  in- 
coporated  into  the  acteal  groups  of  PVA  and  their 
NLO  properties  were  investigated.  When  p-nitro 
aniline  was  incorporated  into  the  acetalyzed  PVA, 
the  multi-layer  film  exhibited  a  good  second 
hermonic  generation  (SHG)  and  a  new  type  of  SHG 
active  polymer  was  obtained.  Conformations  of 
the  acetalyzed  PVA  and  opto-electrical  properties 
were  discussed  in  forcus  of  NLO  properties . 

54.8 

DIELECTRIC,  TSC  AND  ELECTROMECHANICAL  MEASUREMENTS  ON  SOME 
PROSPECTIVE  N.L.O.  POLYMERS.  Prof.  I.M.  Ward,  Dr.  G.R. 

Davies  and  Mr.  P.L.  Carr,  Physics  Deptrtment,  University  of 
Leeds,  U.K. 

Files  of  various  non-linear  optic  or  electroactive  polymers 
have  been  made  by  solvent  casting,  dip  coating  or  melt 
pressing  techniques  and  poled  using  contact  or  corona 
poling.  Most  of  the  materials  studied  are  methacrylate 
backbones  with  various  NLO  mesogens  In  side  chains.  These 
have  kindly  been  provided  by  Hoescht-Celanese. 

Such  films  must  be  poled  In  order  to  display  second  order  NLO 
activity  or  plezoelectrlcty.  Developing  optimum  poling  con¬ 
ditions  can  then  require  lengthy  sample  preparation  and 
measurement  procedures.  We  have  shown.  In  colaboratlon  with 
Hoeschst-Celanese,  that  the  pyroelectric  coefficient  corre¬ 
lates  well  with  the  Pockels  coefficient.  Since  the 
pyroelectric  coefficient  can  be  measured  simply  and  rapidly 
It  Is  a  useful  guide  to  the  efficiency  of  poling.  We  have 
therefore  used  this  measurement  to  optimise  poling  con¬ 
ditions,  compare  dlfferenct  materials  and  to  study  the  sta¬ 
bility  of  the  polarisation  produced.  Dielectric  loss 
spectra  and  TSC  have  also  been  used  to  study  the  relaxations 
occurlng  In  these  materials. 

When  compared  with  guest-host  systems  such  as  MNA  In  PMMA, 
these  materials  prove  harder  to  pole,  more  brittle  to  handle 
but  more  stable  In  retention  of  their  polarisation.  These 
features  seem  correlated  with  the  virtual  absence  of  the 
sub-Tg  relaxations  found  In  PMMA. 

54.9 

SILICONE  CONTAINING  LIQUID  CRYSTALLINE 
POLYURETHANES  AND  POLYESTER  Robert 
Kosfeld,  Frank  Braun,  Lutz  Willner,  Michael  Hefi.  Uni¬ 
versity  of  Duisburg,  Department  of  Physical  Chemistry, 

D-41U0  Duisburg,  FRG. 

The  results  of  a  study  are  presented,  where  the  possibi¬ 
lity  of  creating  liquid  crystalline  polyurethanes  has  been 
checked.  Different  types  of  aromatic  urethane-structures 
were  tested  in  combination  with  siloxane  containing 
spacer  groups.  They  are  compared  with  corresponding 
ester-structures.  The  influence  of  the  structure  of  the 
urethane-containing  mesogenic  hard  segment  as  well  as 
the  composition  of  the  soft  segment  has  been  investigated 
with  respect  to  their  potential  of  creating  mesomorphic 
behaviour. 

S5.1 

MICROSTRUCTURAL  CONTROL  IN  SIDE  CHAIN  POLYMERS  FOR 
OPTICAL  APPLICATIONS.  Tim  Lemmon  and  Alan  Windle, 
Department  of  Materials  Science  and  Metallurgy,  Cambridge  University, 
Pembroke  Street,  Cambridge,  CB2  3QZ,  UK. 


The  exploitation  of  the  various  functionalities  which  can  be  designed  into 
organic  systems  is  frustrated  by  the  readiness  with  which  all  but  the  smallest 
molecules  segregate  into  different  phases.  Multiphase  structures  are 


particularly  deleterious  where  one  or  more  of  the  functionalities  is  optically 
based.  Molecular  miscibility  is  forced  on  the  system  by  attaching  the 
different  active  groups  to  a  common  polymer  backbone. 

The  principles  of  microstructural  control  in  the  systems  have  been  explored 
using  a  series  of  polymers  with  methacrylate  backbones  and  4-oxy- 
4'nitrObiphenyl  or  4-oxy-4'nitrostilbene  active  groups  attached  through  n- 
alkyl  flexible  spacer  sequences.1 

Side-chain  polymers  with  flexible  spacers  of  three  (CH2)  spacers  have 
glass  transitions  of  the  order  of  105°C.  This  range  encompasses  that  of 
PMMA  (the  backbone  polymer)  so  it  is  not  surprising  that  halving  the  level 
lof  side  group  substitution  has  little  effect  on  the  Tg.  There  is  no  evidence 
|of  liquid  crystallinity  in  the  three-unit  spacer  materials,  although  they  are 
(optically  birefringent  cast  and  rapidly  cooled  between  glass  slides.  In  this 
jcondirion  the  optic  axis  is  normal  to  the  plane  of  the  specimen. 

!Six-unit  spacers  in  biphenyl  samples  lead  to  a  Tg  of  the  order  of  50°C,  and 
lexpose  a  smectic  liquid  crystalline  phase  which  has  an  upper  transition  at 
|77°C.  Slow  cooling  through  the  mesophase  leads  to  a  highly  scattering  and 
'Optically  useless  glass.  In  the  range  from  77°C  to  1 10°C  the  samples  are 
iclear  but  birefringent,  again  with  their  optic  axes  normal  to  the  plane  of  the 
glass  substrate  although  there  is  evidence  of  optical  biaxiality  below  95°C. 
This  optical  anisotropy  is  the  result  of  the  aligning  influence  of  the  glass 
surfaces  and  can  be  preserved  in  a  clear  glass  by  a  suitably  fast  quench. 

11  Synthesised  by  Hoechst-Celanese  Laboratories,  Summit,  NJ 

55 . 2 

ZEOLITE  LOADED  POLYURETHANE  FOAMS  FOR 
ENVIRONMENTAL  CONTROL.  C.  B.  Frost.  D.  L.  Lindner,  J.  E. 
Costa,  Sandia  National  Laboratories,  Livermore  CA. 

Over  the  past  five  years  a  series  of  zeolite  loaded  polyurethane 
foams  have  been  developed  by  Sandia  National  Laboratories. 
These  foams  have  shown  the  ability  to  perform  in  both 
structural  and  thermal  roles  while  retaining  the  zeolite's 
capacity  to  sorb  low  molecular  weight  gases,  particularly  water 
vapor.  These  materials  can  be  processed  to  yield  a  wide  variety 
of  densities,  zeolite  concentrations  and  geometrical  shapes  and 
volumes.  By  utilizing  these  materials  in  multi-functional  roles 
we  have  been  able  to  increase  flexibility  in  packaging  and 
protection  in  a  wide  range  of  applications.  For  example,  large 
structures  of  rigid  polyurethane  foams  have  been  used  to 
provide  structural  stiffening  while  controlling  moisture  levels 
in  enclosed  volumes.  We  have  also  been  able  to  demonstrate 
that  loaded  polyurethane  foams  can  be  use  for  protective  potting 
of  electronic  devices. 

This  presentation  will  explain  material  preparation,  processing, 
and  applications.  The  material's  chemical,  mechanical  and 
physical  properties  have  been  examined  with  a  number  of 
techniques  and  the  results  will  be  presented. 

55.3 

PERIODIC  AREA  MINIMIZATION  SURFACES  IN 
MICROSTRUCTURAL  SCIENCE,  Edwin  L.  Thomas, 

Department  of  Materials  Science  and  Engineering,  MIT, 
Cambridge,  MA 


An  A/B  block  copolymer  consists  ot  two  macromolecules 
bonded  together.  In  forming  an  equilibrium  structure,  such  a 
material  may  separate  into  distinct  phases,  creating  domains 
of  component  A  and  component  B.  A  dominant  factor  in  the 
determination  of  the  domain  morphology  is  area-minimization 
of  the  intermaterial  surface,  subject  to  fixed  volume  fraction. 
Surfaces  that  satisfy  this  mathematical  condition  are  said  to 
have  constant  mean  curvature.  The  geometry  of  such 
surfaces  strongly  influences  physical  properties  of  the 
material  and  they  have  been  proposed  as  structural  models 
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in  a  variety  of  physical  and  biological  systems.  We  have 
discovered  domain  structures  in  phase-separated  diblock 
copolymers  that  closely  approximate  pehodic  constant  mean 
curvature  surfaces.  Transmission  electron  microscopy  and 
computer-simulation  are  used  to  deduce  the  three- 
dimensional  microstructure  by  comparison  of  tilt  series  with 
two-dimensional  image  projection  simulations  of  3D 
mathematical  models.  Three  structures  are  discussed:  the 
first  of  which  is  the  double  diamond  microdomain  morphology 
associated  to  a  newly  discovered  family  of  triply  periodic 
constant  mean  curvature  surfaces.  Second,  a  doubly 
periodic  boundary  between  lamellar  microdomains, 
corresponding,  to  a  classically  known  surface  (called 
Scherk's  First  Surface)  is  described.  Finally,  we  show  a 
lamellar  morphology  in  thin  films  and  is  apparently  related  to 
a  new  family  of  periodic  surfaces. 

55.4 

BEHAVIOR  OF  SUPERCONDUCTING  CERAMIC-POLYMER 
COMPOSITE.  Q  Vipnlanandan  and  S.  Salib,  Texas  Center  for 
Superconductivity,  University  of  Houston,  Houston,  Texas  77204- 
5506. 

Growing  large  single  crystals  of  the  superconducting  Yttrium-Barium- 
Copper  oxide  (YBa2Cu307-5)  phase  is  difficult  and  hence  there  is 
continuing  interest  in  the  fabrication  of  bulk  components  from  sintered 
polycrystalline  aggregates  of  this  superconducting  material.  Aggre¬ 
gation  of  YBa2Cu307-8  powder  by  compact  molding  and  sintering 
results  in  a  porous  ceramic  with  poor  mechanical  properties  and  hence 
improving  the  ceramic  properties  is  of  interest 

The  objectives  of  this  study  are  to  investigate  the  effect  of  porosity  on 
the  ceramic  behavior  and  to  improve  the  mechanical  properties  of  the 
superconducting  ceramic  using  poly(methyl  methacrylate)  (PMMA) 
polymer.  Both  12.5-diameter  disk  and  60-mm-long  beam  specimens 
were  prepared  at  various  porosities  by  varying  the  uniaxial  compaction 
pressure  from  30  to  350  MPa.  The  calcined  powder  was  compacted, 
sintered,  and  then  allowed  u>  cool  at  a  slow  rate.  The  polymer  was 
impregnated  into  the  ceramic  at  room  temperature.  The  mechanical 
properties  of  the  specimens  were  evaluated  by  concentrically  loading 
simply  supported  disk  and  beam  specimens.  Performance  of  the 
ceramic-polymer  composite  was  also  evaluated  by  thermocycling 
between  77  K  and  300  K. 

Density-pressure  relationship  has  been  developed  for  the  compacted 
superconducting  ceramic.  The  effect  of  PMMA  impregnation  on  the 
mechanical  and  electrical  properties  has  been  verified  in  terms  of  the 
porosity.  Polymer  impregnation  had  no  measurable  effect  on  the  critical 
temperature  and  Meissner  effect  of  the  superconducting  ceramic.  Linear 
and  nonlinear  property-porosity  relationships  have  been  developed  for 
the  ceramic  and  ceramic-polymer  composite. 

55.5 

MiatosnucruKE  of  pita/ poltpyrr  ole  composite  fibers,  l.p. 

Rector.  T.J.  Harks,  end  S.H.  Carr.  Departnsats  of 
Material*  Scieace  aad  Ea|iaeeriB(  and  Cbeniatry  and  the 
Materiel t  Research  Center,  Northwestern  University,  2145 
Sberidsa  Road,  Evaaatoa,  1L  (0201. 

Multifunctional  fibera,  exhibiting  both  excellent 
mechanical  properties  and  electrical  conductivity,  have 
been  prepared  by  combining  polylp-pheaylene 
t ereph the 1  snide)  (PFTA)  aad  polypyrrole.  A  novel 
processing  technique  involving  c leetropolyneriaatioa  of 
pyrrole  vithia  a  avollea  PPTA  fiber  was  employed.  The 
elect ropolymerlratioa  occura  vith  a  ainaltaaeome  collapse 
of  the  avollea  fiber  to  produce  a  composite  notarial  vith 
dlaperaed  doaaiaa  of  the  conductive  phaae.  Continued 
electropolynerixation  prodacea  an  annular  ring  of 
polypyrrole  on  the  fiber  jxterior,  in  analogy  vith 
previosaly  reported  vork.  Observations  of  the 
nieroatractnre  of  theae  composite  fibara  by  treaeaieaioa 


electron  aicrotcopy  vill  be  reported. 

1  Gregory,  K.V.,  Eimbrell,  K.C.,  luhn.  H.H..  Syn.  Bet. 

21,  C823  (1989) 

55.6 

THEORY  AND  PRACTICE  IN  THE  PREPARATION  OF 
MULTIFUNCTIONAL  MATERIALS  CONTAINING 
DELOCALIZED  Jt-ELECTRONS.  Lanrv  R.  Dalton.  Rahel  Vac, 
LuPing  Yu,  and  Linda  Sapochak,  Department  of  Chemistry, 
University  of  Southern  California,  Los  Angeles,  CA  90089-0482. 

Strong  interchain  polymer  interactions  are  normally 
encountered  for  systems  containing  delocalized  x-eleetrons. 
These  interactions  greatly  reduce  solubility  with  the  result  that 
polymers  are  difficult  to  prepare  in  high  molecular  weights  and 
difficult  to  process  into  desired  forms.  Many  types  of 
functionality  including  nonlinear  optical  activity,  electrical 
conductivity,  high  structural  strength  are  incompatible  with 
such  limitations  on  polymer  synthesis  and  processing.  In  this 
presentation  we  discuss  general  schemes  for  avoiding  the 
problem  of  insolubility  associated  with  traditional  electroactive 
polymers.  These  methods  are  then  used  to  prepare  a  variety  of 
new  electroactive  polymers  incorporating  polyene  and 
heteroaromatic  structures.  These  polymers  are  then 
characterized  and  electroactivity  properties  are  investigated  for 
neutral,  oxidized  and  reduced  states  of  the  polymers.  The  role  of 
symmetry  and  the  effects  of  substituents  upon  electroactivity  is 
clarified.  Finally,  the  discussion  of  homo  and  copolymer 
systems  is  extended  to  the  consideration  of  composite  systems. 

55.7 

MICROPHASE  SEPARATION  IN  MULTIBLOCK  COPOLYMER  MELTS. 

Anne  M.  Mayes  and  Monica  Olvera  de  la  Cruz.  Department 
of  Mater l all- Science  and  Engineering,  Northwestern  Univ¬ 
ersity,  Evanston,  1L.  60208. 

Block  copolymers  undergo  disorder-order  transitions  to 
periodic  ordered  structures,  termed  microphases,  upon 
cooling.  The  microphase  separation  transition  for  tri¬ 
block  and  star  copolymer  melts  is  investigated  following 
a  mean  field  approach  proposed  by  Leibler  for  diblock  co¬ 
polymers.  Continuous  transitions  are  found  in  both  sys¬ 
tems  at  some  composition  f  .  In  triblock  melts  three 
microphase  morphologies  are  predicted  -  alternating 
lamellar  structures,  hexagonally  packed  cylinders,  and 
bcc  spheres.  The  windows  of  stability  for  the  equili-, 
brium  morphologies  are  notably  altered  by  varying  the 
triblock  architecture.  In  particular,  some  triblock  sys¬ 
tems  have  wide  regions  of  stability  for  bcc  structures 
with  large  spherical  domains,  suggesting  improved  mecha¬ 
nical  properties.  Corrections  to  the  phase  diagram  when 
concentration  fluctuations  are  included  will  be  discussed 

55.8 

SEGMENTEO  ANISOTROPIC  ISOTROPIC  POLY  ARYL  ESTER  P0LY(ARYLENE 
ETHER)  COPOLYMER  MATERIALS.  J.E.  McGrath.  K.L.  Cooper,  W. 
Walhamad,  H.  Huang,  D.  Chen  and  G.L.  Wilkes,  Departments  of 
Chemistry  and  Chemical  Engineering,  National  Science 
Foundation  Science  and  Technology  Center:  High  Performance 
Polymeric  Adhesives  and  Composites,  Virginia  Polytechnic 
Institute  and  State  University,  Blacksburg,  VA  24061. 

Techniques  have  been  refined  for  the  synthesis  of  acetoxy  or 
carboxy  poly ( aryl ene  ether)  systems  which  can  be  efficiently 
utilized  as  Isotropic  segment  components  In  anisotropic- 
isotropic  poly(arylate)-poly(ether)  systems.  The  resulting 
materials  allow  for  the  Introduction  of  either  modest  con¬ 
centrations  of  liquid  crystal  structures  which  alter  solvent 
resistance  In  the  Isotropic  phase  or  for  modest  con¬ 
centration  of  a  segmented  Isotropic  phase  which  permits 
Improvements  In  the  mechanical  ductility  under  transverse 
conditions.  The  chemistry  and  morphological  Investigations 
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which  have  permitted  these  conclusions  will  be  discussed 
along  with  preliminary  mechanical  properties. 

S5.9 

INORGANIC  AND  ORGANOMETALUC  PRINCIPLES  IN  THE 
DESIGN  OF  MULTIFUNCTIONAL  MATERIALS.  D.  Michael 
P.  Mingos,  Inorganic  Chemistry  Laboratory,  University 
of  Oxford,  South  Parks  Road,  Oxford  0X1  3QR,  U.K.. 


variety  of  systems  that  contain  rod-like  structures.  In 
liquid  crystalline  materials  alone,  this  should  facilitate 
control  of  non-linear  optical  properties,  mechanical  proper¬ 
ties,  and  electrical  conductivity. 


The  prospects  of  using  the  properties  of  inorganic  solids 
with  infinite  structures  in  combination  with  the  spectral, 
magnetic  and  chemical  characteristics  of  co-ordination 
and  organometallic  compounds  will  be  reviewed  with 
particular  reference  to  their  potential  applications  in 
the  electronics,  sensors  and  optoelectronic  fields. 


Solid  state  inorganic  chemistry  provides  a  great  variety 
of  thermally  stable  and  optically  transparent  host 
materials  which  have  sufficiently  large  cavities  for  the 
incorporation  of  small  molecules.  These  include  zeolites 
with  either  spherical  or  cylindrical  three  dimensional 
cavities,  layered  compounds  with  infinite  two-dimensional 
spaces  and  a  variable  third  dimension,  and  pillared 
materials  with  intersecting  one-dimensional  channels. 
These  structures  may  be  chosen  on  the  basis  of  a 
particular  function  and  a  second  introduced  via  the 
incorporation  of  molecules  in  the  cavities.  Alternatively, 
they  may  be  viewed  as  neutral  structural  materials 
and  the  multifunctionality  can  be  introduced  via  the 
incorporation  of  molecules  with  different  spectral  or 
chemical  properties. 


As  guest  materials  co-ordination  and  organometallic 
compounds  have  the  following  properties  which  are 
important  in  the  context  of  multifunctionality  :  the 
ability  to  co-ordinate  small  molecules  such  as  0_.  S0_, 
H_  reversibly.  distinct  reversible  electrodnemical 
properties,  electronic  transitions  which  show  an  enormous 
variation  in  extinction  coefficients  and  oscillator 
strengths,  polarised  spectral  transition  and  electrical 
conductivity  properties. 


S5.10 

MODELLING  MICROSTRUCTURE  IN  MATERIALS  THAT  CONTAIN 
ANISOTROPIC  PARTICLES.  Christopher  Vlney.  Department  of 
Materials  Science  and  Engineering,  University  of  Washington, 
Seattle,  WA  98195;  and  Larry  A.  Chick,  Battelle  Pacific 
Northwest  Laboratory,  P.O.  Box  999,  Richland,  WA  99352. 

A  thermodynamic  analysis  was  developed  by  Flory  to  predict 
liquid  crystalline  phase  separation  In  solutions  of  rod-like 
molecules.  We  have  adapted  this  approach  to  model  the  for¬ 
mation  of  clusters  In  rigid-rod  reinforced  composites,- Ini¬ 
tially  for  athermal  behavior.  In  Flory's  work,  the 
necessary  quantification  of  configurational  entropy  Is 
obtained  from  a  lattice  model. 

Our  method  uses  a  Monte  Carlo  simulation  to  calculate 
entropy,  providing  some  significant  advantages  relative  to 
the  lattice  model.  Firstly,  a  number  of  approximations  are 
eliminated  from  the  calculations.  Secondly,  we  are  able  to 
draw  pictures  of  microstructures  that  art  generated  by  ran¬ 
dom  placement  of  rods,  and  so  obtain  a  measure  of  the  mini¬ 
mum  domain  (cluster)  size  as  well  as  the  minimum  degree  of 
order  within  domains.  Given  sufficient  mlcrostructural 
mobility  (represented  by  simulated  annealing),  we  expect 
coarsening  of  domain  size  and  an  Increase  In  perfection  of 
alignment  to  occur,  towards  the  monodomain  mlcrostructure 
Implicit  to  Flory's  model.  The  average  number  of  con¬ 
figurations  that  must  be  explored  In  order  to  achieve  a 
given  degree  of  coarsening  can  be  related  to  coarsening 
times  in  real  microstructures. 

When  extended  to  Include  "soft*  Interactions  between  rods, 
our  studies  will  enable  prediction  of  mlcrostructure  In  a 
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FRACTAL  ASPECTS  OF  MATERIALS 

November  28  -  December  1,  1989 

SESSION  Tl:  PATTERN  FORMATION  AND  GROWTH 
Chair:  B.  Mandelbrot 

Tuesday  Morning,  November  28 
Staffordshire  Room  (W) 


11:30  T1.8 

TWO-STAGE  AGGREGATION  OF  A  NON-AQUEOUS  GOLD 
COLLOID,  B.J.  Oliver  and  C.M.  Sorensen. 
Kansas  State  University,  Department  of 
Physics,  Manhattan,  KS;  E.B.  Zuckerman  and 
K.J.  Klabunde,  Kansas  State  University, 
Department  of  Chemistry,  Manhattan,  KS. 


8:30  *T1 . 1 

BREATH  FIGURES:  DROPLET  CONDENSATION  PAT¬ 
TERNS  ON  SURFACES,  CharlfiS _ M.  Knobler . 

University  of  California,  Los  Angeles, 
Department  of  Chemistry  and  Biochemistry, 
Los  Angeles,  CA. 

9:00  *T1 . 2 

SELF-ORGANIZED  CRITICALITY  AND  AVALANCHE 
DYNAMMICS  IN  A  DROPELET  GROWTH  MODEL  WITH 
SLIDING,  Ferevdoon  Family.  Emory  University, 
Department  of  Physics,  Atlanta,  GA. 

9:30  *T1 . 3 

FRACTALS  AND  NUCLEATION ,  W.  Klein.  Boston 
University,  Physics  Department,  Boston,  MA. 

10:00  BREAK 

10:30  T1.4 

KINETICS  OF  SPINODAL  DECOMPOSITION  IN  A 
POLYMER  SOLUTION,  R.  Bansil  and  J.  Lai, 
Boston  Universitv,  Boston,  MA. 

10:45  Tl ,5 

FRACTAL  DIMENSIONS  IN  QUASICRYSTAL  GROWTH 
MODEL,  Z.M.  Wana.  York  University,  Physics 
Department,  Ontario,  Canada,  and  Chinese 
Academy  of  Sciences,  Beijing,  China;  and 
K.Y.  Szeto,  York  University,  Physics  Depart¬ 
ment,  Ontario,  Canada. 

11:00  T1.6 

PARTICLE-CLUSTER  GROWTH  OF  AGGREGATES  AT  AN 
INTERFACE,  C.  Allain,  M.  Cloitre.  Campus 
Universitaire ,  Lab  FAST,  Orsay,  France. 

11:15  EUZ 

STATISTICAL  PROPERTIES  OF  GENERALIZED  AG¬ 
GREGATION  SYSTEM  WITH  INJECTION,  H. 
Takavasu .  Boston  University,  Department  of 
Physics,  Boston,  MA;  and  Kobe  University, 
Earth  Science,  Kobe,  Japan. 


♦Invited  Paper 

Short  Course  C-09,  "Fractals:  Concepts  and 
Applications  in  Materials  Science  and  En¬ 
gineering,"  may  be  of  interest  to  symposium 
attendees.  Details  regarding  course  dates 
and  instructors  are  provided  in  the  short 
course  section  of  this  program. 


SESSION  T2; _ FRACTAL  MEASURES  AND 

PATTERN  FORMATION  II 
Chair:  Farid  Abraham 
Tuesday  Afternoon,  November  28 
Staffordshire  (W) 

1:30  *T2 . 1 

FRACTAL  MEASURES  OF  POROUS  MEDIA,  Claude 
Tricot,  £cole  Poly technique.  Department  of 
Applied  Mathematics,  Montreal,  Canada. 

2:00  T2.2 

A  LOCAL  PERTURBATION  NOTION  APPLIED  TO  ROUGH 
SURFACE  ANALYSIS,  D.  Wehbi .  J.F.  Quiniou,  C. 
Roques-Carmes ,  ENSM-LMS,  Besancon,  France; 
and  C.  Tricot,  £cole  Polyteghnique  de  Mon¬ 
treal,  Montreal,  Canada. 

2:30  T2.3 

ELECTROMAGNETIC  AND  OPTICAL  WAVE  SCATTERING 
FROM  FRACTAL  OBJECTS ,  Xiaoauana  Sun  and 
Dwight  L.  Jaggard,  University  of  Pennsyl¬ 
vania,  Moore  School  of  Electrical  Engineer¬ 
ing,  Philadelphia,  PA. 

3 : 00  BREAK 

3:30  *.X.2.i.4. 

EVIDENCE  OF  CRITICAL  BEHAVIOR  IN  A  RANDOM 
FRACTAL  AUTOMATION,  G.M.  Dimino,  University 
of  California  at  Santa  Cruz,  Physics  Board 
of  Studies,  Santa  Cruz,  CA;  and  J.H. 
Kaufman,  IBM  Almaden  Research  Center,  IBM 
Research  Division,  San  Jose,  CA. 

4:00  T2.5 

INFORMATION  DIMENSION  AS  A  MEASURE  OF  FRAC¬ 
TAL  DISORDER,  Panos  Arayrakis .  IBM  Corpora¬ 
tion,  Scientific  Engineering  Computations, 
Kingston,  NY. 

4:30  T2.6 

RANDOM  WALK  SIMULATION  OF  SOLVABILITY  THEORY 
FOR  THE  SAFFMAN-TAYLOR  PROBLEM,  D.C.  Hong. 
Lehigh  University,  Physics  Department  and 
Center  for  Polymer  Science  and  Engineering, 
Bethlehem,  PA;  and  H.  Guo,  McGill  Univer¬ 
sity,  Physics  Department,  Quebec,  Canada. 
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SESSION  T3  : _ FRACTURE 

Chair:  Paul  Meakin 
Wednesday  Morning,  November  29 
Staffordshire  (W) 

8:30  TJL.JL 

FLUCTUATIONS  IN  PHOTON  EMISSION  DURING  EPOXY 
FRACTURE:  EVIDENCE  FOR  CHAOS,  Zhenyi  Ma , 
J.T.  Dickinson,  and  S.C.  Langford,  Washing¬ 
ton  State  University,  Department  of  Physics, 
Pullman,  WA. 

9:00  T3.2 

FRACTURE  AS  A  FRACTAL  PROCESS:  THEORY  & 
EXPERIMENT,  T.J.  Mackin,  J.J.  Mecholsky  Jr. 
and  D.E.  Passoja,  The  Pennsylvania  State 
University,  University  Park,  PA. 

9:30  T3.3 

STRUCTURE  ANALYSIS  OF  FRACTURE  SURFACES 
USING  SCANNING  TUNNELING  MICROSCOPY,  D ■ A . 
Bonne 11  and  M.W.  Mitchell,  The  University  of 
Pennsylvania,  Materials  Science  Department, 
Philadelphia,  PA. 

10:00  BREAK 

10:15  T3.4 

FRACTAL  EFFECTS  AND  PERCOLATION  OF  MATERIAL 
FRACTURE,  Dengshi  Huang,  Sichuan  Economic 
Management  College,  Department  of  Basic 
Science,  Chendu,  China. 

10:30  T3-5 

FRACTAL  NATURE  OF  FRACTURE  SURFACE,  Goncrwen 
Pena  and  Decheng  Tian,  Wuhan  University, 
Physics  Department,  Wuhan,  China. 

10:45  13.,  5 

PERCOLATION  PROPERTIES  OF  RANDOM  TWO- 
DIMENSIONAL  POISSON  FRACTURE  NETWORKS,  Kunal 
Ghosh .  Jackson  State  University,  Jackson, 
MS;  Kevin  Hestir,  New  Mexico  State  Univer¬ 
sity,  Las  Cruces,  NM;  and  Jane  Long, 
Lawrence  Berkeley  Laboratory,  Berkeley,  CA. 

11:00  T3.7 

THE  FRACTAL  NATURE  OF  THE  CRAZE  PATTERN 
DEVELOPED  IN  MODE  I  FRACTURE  OF  POLYMERIC 
MATERIALS,  Yuhonq  Ni  and  J.C.M.  Li,  Univer¬ 
sity  of  Rochester,  Materials  Science  Pro¬ 
gram,  Mechanical  Engineering  Department, 
Rochester,  NY. 

11:15  T-3.8 

WE I BULL  PLOTTING  OF  A  FRACTAL  DISTRIBUTION 
OF  FLAWS,  John  F.  Wight  and  James  w. 
Laughner,  Alfred  University,  New  York  State 
College  of  Ceramics,  Ceramic  Engineering 
Department,  Alfred,  NY. 


11:30  T3.9 

APPLICATION  OF  FRACTAL  GEOMETRY  TO  DAMAGE 
MODELING  IN  ADVANCED  MATERIALS,  Ted  L. 
Anderson ■  Texas  A&M  University,  Department 
of  Mechanical  Engineering,  College  Station, 
TX. 

JOINT  SESSION  T4/U10:  SIZING  AND 
SCALING  EFFECTS 
Chair:  Bill  Klein 

Wednesday  Afternoon,  November  29 
America  North  (W) 

1:30  *T4.17U10.1 

FRACTAL  STRUCTURE  AND  DYNAMICS  OF  TWO  FLUID 
FLOW  IN  POROUS  MEDIA,  Jens  Feder .  University 
of  Oslo,  Department  of  Physics,  Oslo,  Nor¬ 
way. 

2 : 00  T4 . 2/U10 . 2 

NUMERICAL  AND  ANALYTICAL  MODELS  OF  TRANSPORT 
IN  POROUS  CEMENTITIOUS  MATERIALS,  Edward  J. 
Garboczi  and  Dale  P.  Bentz,  National  In¬ 
stitute  of  Standards  and  Technology,  Build¬ 
ing  Materials  Division,  Gaithersburg,  MD. 

2:15  T4.3/U10.3 

SIZING  REQUIREMENTS  FOR  FLOW-THROUGH  GEOCHE¬ 
MICAL  TESTS:  THEORETICAL  CONSIDERATIONS, 
MODEL  RESULTS,  AND  IMPLICATIONS  FOR  THE 
INTERPRETATION  OF  TEST  DATA,  J.D.  Hoover  and 
E.C.  Thornton,  Westinghouse  Hanford  Company, 
Richland,  WA. 

2:45  T-4.,4/U3lOa 

A  LAGRANGIAN  REACTIVE  TRANSPORT  SIMULATOR 
WITH  MULTIPLE  PATHS  AND  STATIONARY-STATES: 
CONCEPTS,  IMPLEMENTATION  AND  VERIFICATION, 
R.B.  Knapp.  University  of  California,  Lawr¬ 
ence  Livermore  National  Laboratory,  Earth 
Sciences  Department,  Livermore,  CA. 

3:00  BREAK 

3:30 

FRACTAL  CHARACTERISTICS  OF  FRACTURE  NETWORKS 
AND  FLUID  MOVEMENT  IN  ROCK,  Christopher  C. 
Barton .  U. S .Geological  Survey,  Department  MS 
913,  Denver,  CO. 

4:00  T.4.,$ZUJ.g,-6 

FLOW  TO  WELLS  IN  FRACTURED  ROCK  WITH  FRACTAL 
STRUCTURE,  Jim  Polek.  Kenzi  Karasaki  and 
Jane  Long,  Lawrence  Berkeley  Laboratory, 
Berkeley,  CA?  and  John  Barker,  British 
Geological  Survey,  Oxfordshire,  United 
Kingdom. 
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4:15  T4.7/U10.7 

ANISOTROPIC  SCALING  OF  INTERFACES  IN  POROUS 
MEDIA,  Miguel  A.  Rubio,  Haverford  College, 
Department  of  Physics,  Haverford,  PA,  and 
UNED,  Madrid,  Spain;  Andrew  Dougherty, 
Haverford  College,  Department  of  Physics, 
Haverford,  PA;  and  Jerry  P.  Gollub,  Haver¬ 
ford  College,  Department  of  Physics,  Haver¬ 
ford,  PA;  and  University  of  Pennsylvania, 
Philadelphia,  PA. 

4:30  T4.8/U10-B 

SIZING  AND  SCALING  REQUIREMENTS  OF  A  LARGE- 
SCALE  PHYSICAL  MODEL  FOR  CODE  VALIDATION,  Rj_ 
Khaleel .  T.  LeGore  and  J.D.  Hoover,  West- 
inghouse  Hanford  Company,  Richland,  WA. 

4:45  T4.9/10.9 

PERFORMANCE  OF  CONCRETE  BARRIERS  IN  RADIOAC¬ 
TIVE  WASTE  DISPOSAL  IN  THE  UNSATURATED  ZONE, 
John  C.  Walton  and  Mark  D.  Otis,  Idaho 
National  Engineering  Laboratory,  Idaho 
Falls,  Idaho. 

SESSION  T5 ;  .SURFACES! 

Chair:  A.  Hurd 
Thursday  Morning,  November  30 
Staffordshire  (W) 

8:30  *T5.U 

CAPILLARY  CONDENSATION  ON  FRACTAL  SURFACES, 
P.  Pfeifer.  J.  Kenntner,  University  of 

Missouri,  Physics  Department,  Columbia,  MO; 
and  M.W.  Cole,  Pennsylvania  State  Univer¬ 
sity,  Physics  Department,  University  Park, 
PA. 

9:00  T5 ,2 

CHARACTERIZATION  OF  THE  SURFACE  FRACTAL 
DIMENSION  AND  ROUGHNESS  OF  EVAPORATED  SILVER 
FILMS  VIA  ADSORPTION  ISOTHERM  MEASUREMENTS, 
J.  Krim.  V.  Panella,  and  A.  Sarkissian, 

Northeastern  University,  Physics  Department, 
Boston,  MA. 

9:30  T5.3 

HYDROGEN,  NEON  AND  NITROGEN  ADSORPTION 
ISOTHERMS  ON  POROUS  VYCOR  GLASS,  T.E.  Huber. 
Harvard  University,  Department  of  Physics, 
Cambridge,  MA;  and  C.A.  Huber,  University  of 
Puerto  Rico,  Rio  Piedros,  Puerto  Rico. 

10:00  BREAK 

10:30  X£u4 
(ABSTRACT  WITHDRAWN) 

11:00  T5.5 

SMALL  ANGLE  X-RAY  SCATTERING  APPLIED  TO 
INVESTIGATE  THE  FRACTAL  PROPERTIES  OF  COAL 
AND  OTHER  POROUS  CARBON-BASED  MATERIALS,  M. 
Reich,  S.  Russo,  I.K.  Snook,  and  H.K. 
Waaenf eld.  Royal  Melbourne  Institute  of 
Technology,  Melbourne,  Australia. 


11:30  T5.6 

SMALL  ANGLE  X-RAY  AND  NEUTRON  SCATTERING 
FROM  A  FRACTAL  DIFFUSION  FRONT,  Michel  Rosso 
and  Bernard  Sapoval ,  Laboratoire  de  Physique 
de  la  Matiere  Condensee,  Ecole  Polytechni¬ 
que,  Palaiseau,  France. 

SESSION  T6  : _ SURFACES  II 

Chair:  Jackie  Krim 
Thursday  Afternoon,  November  30 
Staffordshire  (W) 

1:30  > I 

THE  GROWTH  OF  SELF-AFFINE  FRACTAL  SURFACES, 
Paul  Meakin .  E.  I.  duPont  de  Nemours  &  Co., 
Inc.,  Central  Research  and  Development,  Wil¬ 
mington,  DE. 

2:00  T.6.2 

PATTERN  FORMATION  AND  CHARACTERIZATION  FOR 
3I0L0GICAL  MATERIALS,  Charles  Thompson  and 
Kavita  Chandra.  University  of  Lowell,  Labor¬ 
atory  for  Advanced  Computation,  Department 
of  Electrical  Engineering,  Lowell,  MA. 

2:30  T6 . 3 

VISCOUS  FINGERING  EXPERIMENT  WITH  PERIODIC 
30UNDARY  CONDITIONS,  J.V.  Maher  and  Hong 
Zhao,  Department  of  Physics  and  Astronomy, 
University  of  Pittsburgh,  Pittsburgh,  PA. 

3:00  BREAK 

3:30  T6.4 

FRACTAL  DIMENSION  OF  NATURAL  POLYMERS,  Louis 
Piscitelle  and  Ronald  Segars,  U.S.  Army 
Natick  Research,  Development  and  Engineering 
Center,  Department  STRNC-UE,  Natick,  MA. 

4:00 

FRACTAL  VS.  SUB-FRACTAL:  CLOUD  RADIANCE  AND 
OCEAN  SURFACE  DATA,  Patricia  H.  Carter  and 
Robert  Cawlev.  U.S.  Department  of  the  Navy, 
Naval  Surface  Warfare  Center,  Silver  Spring, 
XD. 

4:30  T6.6 

FRACTAL  CHARACTERIZATION  OF  POROUS  SILICA 
GELS  BY  GPC ,  Houqiang  Li,  Ying  Li  and 
Huaming  Zhao,  Sichuan  University,  Department 
of  Chemistry,  Chengdu,  China. 


SESSION  T7 :  POSTER  SESSION 
Chair:  V.  Castano 

Thursday  Evening,  November  30 
7:00  p.m.  -  10  p.m. 

America  Ballroom  (W) 

T7.1  A  NEW  TECHNIQUE  TO  DIFFERENTIATE 

BETWEEN  GEMINATE  AND  NONGEMINATE  RECOM¬ 
BINATION  OF  EXCITONS  IN  DISORDERED  MEDIA, 
Jagdish  Prasad  and  Raoul  Kopelman,  The 
University  of  Michigan,  Department  of  Chem¬ 
istry,  Ann  Arbor,  MI. 

T7.2  STEADY-STATE  REACTIONS  ON  FRACTALS: 

RATE  LAWS  AND  SELF-ORGANIZATION,  Eric 
Clement  and  Raoul  Kopelman,  The  University 
of  Michigan,  Department  of  Chemistry,  Ann 
Arbor,  MI;  and  Leonard  M.  Sander,  The  Uni¬ 
versity  of  Michigan,  Department  of  Physics, 
Ann  Arbor,  MI. 

T7.3  EXCITATION  TIME  MODULATION  STUDIES 

OF  MOLECULAR  AGGREGATES  IN  DOPED  POLYMERS, 
Zhong-You  Shi,  Irene  E.  Newhouse  and  Raoul 
Kopelman,  The  University  of  Michigan,  Depar¬ 
tment  of  Chemistry,  Ann  Arbor,  MI. 

T7.4  PULSED  VS.  STEADY-STATE  EXCITON 

RECOMBINATION  KINETICS:  EXPERIMENTS  AND 
SIMULATIONS  ON  PORES,  POWDERS  AND  RANDOM 
MEDIA,  Stephen  J.  Parus,  Zhong-You  Shi  and 
Raoul  Kopelman,  The  University  of  Michigan, 
Department  of  Chemistry,  Ann  Arbor,  MI. 

T7.5  REACTANT  TRAPPING  AND  STEADY-STATE 

SELF-ORDERING  ON  FRACTALS,  Lola  W.  Anacker 
and  Raoul  Kopelman,  The  University  of  Michi¬ 
gan,  Department  of  Chemistry,  Ann  Arbor,  MI. 

T7 ■ 6  HYDRODYNAMIC  INSTABILITY  IN  CRYSTAL 

MELTS,  Charles  Thompson  and  Vineet  Mehta. 
University  of  Lowell,  Laboratory  of  Advanced 
Computation,  Department  of  Electrical  En¬ 
gineering,  Lowell,  MA. 

T7.7  GROWTH  KINETICS  IN  A  COAGULATION — 

FRAGMENTATION  SYSTEM,  Iman.  M.  Elminyami  and 
c.M.  Sorensen.  Kansas  State  University, 
Department  of  Physics,  Manhattan,  KS. 

T7.8  ROLE  OF  AGGREGATION  IN  THE  FORMA¬ 

TION  OF  COLLOIDAL  GOLD  PARTICLES,  Jun  Liu. 
M.  Sarikaya,  W.Y.  Shih,  W.H.  Shih,  and  I. A. 
Aksay,  University  of  Washington,  Washington 
Technology  Center,  Department  of  Materials 
Science  and  Engineering  and  Advanced  Mater¬ 
ials  Program,  Seattle,  WA. 


T7.9  THE  EFFECT  OF  AGGREGATION  ON  COL¬ 

LOID  CATALYSTS,  J.R.  Melrose.  Imperial 
College,  The  Blackett  Laboratory,  London, 
United  Kingdom. 


T7.10  MULTIPLE  SCATTERING  IN  POWER-LAW 
CORRELATED  MEDIA,  J.R.  Melrose  .  D. 
Sherrington,  Imperial  College,  The  Blackett 
Laboratory,  London,  United  Kingdom;  S. 
Sarker,  RSRE,  Worcester,  United  Kingdom. 

T7.ll  SMALL-ANGLE  X-RAY  SCATTERING 
STUDIES  OF  BONE  POROSITY,  Paul  W.  Schmidt. 
University  of  Missouri,  Physics  Department, 
Columbia,  MO;  David  Avnir,  The  Hebrew  Uni¬ 
versity  of  Jerusalem,  Department  of  Organic 
Chemistry,  Jerusalem,  Israel;  A.  Bivas,  A. 
Weinreb,  Hebrew  University,  Department  of 
Physics,  Jerusalem,  Israel;  Armin  Roll  and 
David  Nelson,  University  of  Missouri, 
Physics  Department,  Columbia,  MO. 

T7.12  SMALL-ANGLE  X-RAY  SCATTERING  FROM 
THE  SURFACES  OF  REVERSED-PHASE  SILICAS: 
POWER-LAW-SCATTERING  EXPONENTS  OF  MAGNITUDES 
GREATER  THAN  FOUR,  Paul  W.  Schmidt.  Univer¬ 
sity  of  Missouri,  Physics  Department,  Colum¬ 
bia,  MO;  David  Levy,  The  Hebrew  University 
of  Jerusalem,  Department  of  Organic  Chemis¬ 
try,  Jerusalem,  Israel;  Axel  Hohr,  Univer¬ 
sity  of  Missouri,  Physics  Department,  Colum¬ 
bia,  MO;  and  David  Avnir,  The  Hebrew  Univer¬ 
sity  of  Jerusalem,  Department  of  Organic 
Chemistry,  Jerusalem,  Israel. 

T7. 13  FRACTAL  DEGRADATION  OF  RADIATED 
MACROMOLECULES ,  Hougiang  Li,  Ying  Li  and 
Huaming  Zhao,  Sichuan  University,  Department 
of  Chemistry,  Chengdu,  China. 

T7.14  MULTI  FRACTAL  FEATURES  OF  THE  FRAC¬ 
TAL  AGGREGATES  AT  DIFFERENT  STAGES.  L.J, 
Huang .  Tsinghua  University,  Department  of 
Materials  Science  and  Engineering,  Beijing, 
China;  B.X.  Liu,  Tsinghua  University,  Center 
of  Condensed  Matter  and  Radiation  Physics, 
CCAST  (World  Lab),  Department  of  Materials 
Science  and  Engineering,  Beijing,  China; 
J.R.  Ding  and  H-D.  Li,  Tsinghua  University, 
Department  of  Materials  Science  and  Engine¬ 
ering,  Beijing,  China. 

T7.15  COMPOSED  RECURRUNT  SETS,  Wen  Zhi 
Yina .  Li  Jia  Nong  and  Wang  Han  Fei ,  Wuhan 
University,  Department  of  Mathematics, 
Wuhan,  China. 

T7.16  VISCOUS  FINGERING  ON  2D  LATTICE 
MODELS  NEAR  THE  PERCOLATION  THRESHOLD,  JJj. 
Oxaal .  F.  Boger ,  J.  Feder  and  T.  Jpssang, 
University  of  Oslo,  Department  of  Physics, 
Oslo,  Norway. 

T7.17  THE  FRACTAL  DIMENSION  OF  PERCOLA¬ 
TION  CLUSTERS,  H.C.  Akuezue.  and  J. 
Stringer,  Electric  Power  Research  Institute, 
Palo  Alto,  CA. 

T7.18  FRACTALS  AND  DIFFUSION  PROCESSES, 
Hanna  Nencka.  Jarocin  Pozn. ,  Poland. 
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T7.19  LACUNARITY  OF  FRACTAL  AGGREGATES, 
C.  Allain  and  M.  Cloitre.  Campus  Univer- 
sitaire,  Lab  FAST,  Orsay,  France. 

T7.20  LINEAR  CORRELATION  OF  FRACTAL 
DIMENSION  VERSUS  MAGNETIC  INTERACTION,  B.X. 
Liu .  Tsinghua  University,  Center  of  Con¬ 
densed  Matter  and  Radiation  Physics,  CCAST 
(World  Lab) ,  Department  of  Materials  Science 
and  Engineering,  Beijing,  China;  and  J.R. 
Ding,  Tsinghua  University,  Department  of 
Materials  Science  and  Engineering,  Beijing, 
China. 

T7.21  FRACTAL  MAGNETIZATION  ON  HIERARCHI¬ 
CAL  LATTICES,  w.a.m.  Morgado,  S.  Coutinho 
and  E.M.F.  Curado,  Centro  Brasileiro  de 
Pesquisas  Fisicas,  Rio  De  Janeiro,  Brazil. 

T7.22  DYNAMIC  PROPERTIES  OF  SOL-GELS, 
J.E.  Martin  and  D.  Adolf,  Sandia  National 
Laboratories,  Albuquerque,  NM. 

T7.23  WAVELET  TRANSFORMATION  OF  FRACTALS 
OBSERVED  IN  THIN  SOLID  FILMS,  J.R.  Ding  and 
L.J.  Huang,  Tsinghua  University,  Department 
of  Materials  Science  and  Engineering,  Beij¬ 
ing,  China;  and  B.X.  Liu.  Tsinghua  Univer¬ 
sity,  Center  of  Condensed  Matter  and  Radia¬ 
tion  Physics,  CCAST  (World  Lab),  Department 
of  Materials  Science  and  Engineering,  Beij¬ 
ing,  China. 

T7.24  ANALYTICAL  EXPRESSIONS  FOR  THE 
PERMEABILITY  OF  RANDOM  TWO-DIMENSIONAL 
POISSON  FRACTURE  NETWORKS,  Kevin  Hestir.  New 
Mexico  State  University,  Las  Cruces,  NM; 
Jane  Long,  Lawrence  Berkeley  Laboratory, 
Earth  Sciences  Division,  Berkeley,  CA;  and 
Kunal  Ghosh,  Jackson  State  University, 
Jackson,  MS. 

T7.25  FRACTAL  ASPECTS  OF  HYDROGENATED 
AMORPHOUS  AND  MICROCRYSTALLINE  SILICON,  R.C. 
van  Oort .  J.C.  van  den  Heuvel,  M.J.  Geerts, 
Delft  University  of  Technology,  Faculty  of 
Electrical  Engineering,  Delft,  The  Nether¬ 
lands  . 

T7.26  CHAIN  COFORMATION  OF  IONOMERS  IN  A 
NON-POLAR  SOLVENT,  D.C.  Hona.  Lehigh  Univer¬ 
sity,  Physics  Department  and  Center  for 
Polymer  Science  and  Engineering,  Bethlehem, 
PA. 

T7.27  THE  DIFFUSION  COEFFICIENT  OF  A 
REPTATING  POLYMER,  J.M.  Deutsch  and  T.L. 
Madden ,  University  of  California  at  Santa 
Cruz,  Department  of  Physics,  Santa  Cruz,  CA. 

T7.28  DIFFUSION  OF  LINEAR  POLYMERS  IN 
GELS,  S.  Pajevic,  R.  Bensil,  and  C.  Kon&k, 
Boston  University,  Boston,  MA. 


T7.29  SYNERGETICS  PARADIGM  &  DICHOTOMY  AS 
A  SPECIAL  CASE  OF  MODERN  THEORY  OF  CRITICAL 
PHENOMENA:  FRACTAL-GEOMETRY  =  SCALE-INVARI¬ 
ANCE,  Edward  Sieael .  Synergetics  Paradigm 
and  Dichotomy,  San  Francisco,  CA. 

T7.30  AUTOMATIC  MATHEMATICAL  CATASTROPHE 
( "AUTMATHCAT" )  AT  EVEN  INTEGER  CRITICAL- 
DIMENSIONS  D=dcst=( 1+1 )=2  &  D=dcst=(3+1)=4 
SUPERUNIVERSALITY  IN  MATHEMATICS  DOMINATING 
PHYSICS,  Edward  Sieael.  Synergetics  Paradigm 
and  Dichotomy,  San  Francisco,  CA. 

T7.31  SYNERGETICS  PARADIGM  &  DICHOTOMY: 
SELF-ORGANIZED-CRITICALITY,  AUTOMATIC  MATHE¬ 
MATICAL  CATASTROPHES  ( "AUTMATHCATS" ) ,  MODERN 
THEORY  OF  CRITICAL  PHENOMENA,  INFINITE 
CONDUCTANCE  FLUCTUATIONS,  FRACTAL-CRYPTO¬ 
GRAPHY  ,  -LITHOGRAPHY ,  -FILIMENTATION-SUPER- 
CONDUCTIVITY  :  SUPERUNIVERSALITY  CLASS  S. 
CROSSOVER  VIA  DIMENTIONALITY  UNCERTAINTY 
FLUCTUATION:  FRACTAL-DIFFRACTAL  CALCULUS, 
Edward  Sieael .  Synergetics  Paradigm  & 
Dichotomy,  San  Francisco,  CA. 

T7.32  SUPERUNI VERSAI ITY  CLASS  &  CROSSOVER 
OF  SYNERGETICS  PARADIGM  &  DICHOTOMY  MANIFES¬ 
TATION  OF  CONSEQUENCES  OF  SCALE-INVARIANCE 
(  =FRACTAL-GEOMETRY)  THROUGHOUT  PHYSICS 
DOMINATING  PHYSICS,  Edward  Siegel.  Syner¬ 
getics  Paradigm  &  Dichotomy,  San  Francisco, 
CA. 

T7.33  DIMENSIONAL-CALCULUS  OF  DIMENSION- 
THEORY  IMPLEMENTATION  OF  SYNERGETICS  PAR¬ 
ADIGM  &  DICHOTOMY  "COMMON  FUNCTIONING  PRIN¬ 
CIPLE"  PARSIMONY-OF-DICHOTOMY  DOMINATION 
OVER  SPECIFICITY-OF-COMPLEXITY,  Edward 
Si eoel .  Synergetics  Paradigm  and  Dichotomy, 
San  Francisco,  CA. 

T7.34  FORMATION  OF  FRACTAL  PATTERNS  OF 
Mo03_x  CRYSTALS  DURING  PHASE  TRANSFORMATION, 
Jizhonq  Zhang.  Tsinghua  University,  Depart¬ 
ment  of  Materials  Science  and  Engineering, 
Beijing,  China. 

T7-35  MULTIFRACTAL  POROUS  ROCK,  J . 
Muller.  J.L.  McCauley,  J.P.  Hansen  and  A.T. 
Skjeltorp,  Institute  for  Energy  Technology, 
Kjeller,  Norway. 

T7-36  CHARACTERIZATION  OF  THE  MECHANICAL 
FAILURE  SURFACES  OF  ENERGETIC  MATERIALS  BY 
POWER  SPECTRAL  TECHNIQUES,  M.  Yvonne  D. 
Lanzerotti .  James  J.  Pinto,  U.s.  Army  ARDEC, 
Picatinny  Arsenal,  NJ;  and  A.  Wolfe,  New 
York  City  Technical  College,  Brooklyn,  NY. 
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SESSION  T8 :  GELATION 
Chair:  D.  Adolf 

Friday  Morning,  December  1 
Staffordshire  (W) 

8:30  *T8 . 1 

BROWNIAN  DYNAMICS  OF  BRANCHED  POLYMERS,  M.E. 
Cates,  Cavendish  Laboratory,  Cambridge, 
United  Kingdom. 

9:00  T8.2 

STATIC  AND  DYNAMIC  PROPERTIES  OF  CONCENTRA¬ 
TED  SOLUTIONS  OF  BRANCHED  POLYMERS  ELABORA¬ 
TED  NEAR  GELATION  THRESHOLD,  M.  Delsanti .  M. 
Adam,  Service  de  Physique  du  Solide  et  de 
Resonance  Magnetique,  Gi f-sur-Yvette , 
France;  J.P.  Munch,  Universite  Louis-Pas- 
teur,  Laboratoire  de  Spectrometrie  et  d'lm- 
agerie  Ultrasonores,  Strasbourg,  France  and 
Service  de  Physique  du  Solide  et  de  Reson¬ 
ance  Magnetique,  Gif-sur-Yvette,  France;  and 
D.  Durand,  Universite  du  Maine,  Laboratoire 
de  Chimie  et  Physico-Chimie  Macromolecu- 
laire,  Le  Mans,  France. 

9:30  *T8 . 3 

DYNAMICS  OF  POLYMER  GELATION,  Michael 
Rubinstein .  Eastman  Kodak  Company,  Corporate 
Research  Laboratories,  Rochester,  NY. 

10:00  BREAK 

10:30  T8.4 

KINETIC  GELATION  IN  SYSTEMS  WITH  AGGREGA¬ 
TION,  BREAKUP,  AND  FLOW,  R.  Dennis  vigil  and 
Robert  M.  Ziff,  University  of  Michigan, 
Department  of  Chemical  Engineering,  Ann 
Arbor ,  Ml . 

11:00  T8.5 

ELASTIC  PROPERTIES  OF  COLLOIDAL  GELS,  W.H. 
Shih .  J.  Liu,  W.Y.  Shih,  M.  Sarikaya  and 
I. A.  Aksay,  University  of  Washington,  Wash¬ 
ington  Technology  Center,  Department  of 
Materials  Science  and  Engineering  and  Ad¬ 
vanced  Materials  Technology  Program,  Seat¬ 
tle,  WA. 

11:15  T8..6 

BRILLOUIN  AND  RAMAN  SCATTERING  FROM  FRACTAL 
MATERIALS,  J.L.  Stehle,  and  P.  Evrard, 
SOPRA,  Bois-Colombes ,  France;  V.  Maz- 
zacurati,  Universita  degli  Studi  di  Roma, 
Roma,  Italy;  G.  Ruocco,  Universita  degli 
Studi  di  L'Aquila,  L'Aquila,  Italy;  and  J.N. 
Willis  and  L.C.  Hammond,  ARIES/QEI ,  Concord, 
MA. 

11:30  XSaJL 

MULTIFRACTAL  STRUCTURE  OF  POLYMER-MODIFIED 
CEMENT  PASTES,  V.M.  Castaho.  UNAM,  Instituto 
de  Fisica,  Mexico,  Mexico;  and  P.W.  Schmidt, 
University  of  Missouri,  Physics  Department, 
Columbia,  MO. 


SESSION  T9: _ DLA ,  ELECTRODEPOSITION 

KINETICS 

Chair:  H.E.  Stanley 
Friday  Afternoon,  December  1 
Staffordshire  (W) 

1:30  *T9 .  l 

FIXED  SCALE  TRANSFORMATION  APPROACH  TO  THE 
DIELECTRIC  BREAKDOWN  MODEL,  L.  Pietronero, 
University  di  Roma,  Roma,  Italy;  A.  Erzan, 
University  of  Groningen,  Groningen,  The 
Netherlands;  and  Carl  Evertsz .  Yale  Univer¬ 
sity,  New  Haven,  CT. 

2:00  »T9.2 

GEOMETRICAL  MULTIFRACTALITY  OF  DIFFUSION 
LIMITED  AGGREGATES,  Tamas  Vi— ek.  Emory 
University,  Department  of  Physics,  Atlanta, 
GA,  and  Institute  for  Technicl  Physics, 
Budapest,  Hungary;  Fereydoon  Family,  Emory 
University,  Deparatment  of  Physics,  Atlanta, 
GA;  and  Paul  Meakin,  E.I.  duPont  de  Nemours 
&  Co.,  Inc.,  Wilmington,  DE. 

2:30  T9. 3 

ON  THE  MORPHOLOGY  OF  COPPER  ELECTRODEPOSITS, 
J.R.  Melrose,  Imperial  College,  The  Blackett 
Laboratory,  London,  United  Kingdom;  D.B. 
Hibbert.  University  of  New  South  Wales,  The 
Department  of  Analytical  Chemistry,  Sydney, 
Australia. 

3:00  BREAK 

3:15  T9 .4 

RANDOM  WALKS  AND  THE  DOUBLE  LAYER  IMPEDANCE, 
Thomas  C.  Halsey  and  Michael  W.  Leibia.  The 
James  Franck  Institute  and  The  University  of 
Chicago,  Department  of  Physics,  Chicago,  IL. 

3:30  T9. 5 

BROWNIAN  TRAIL  RECTIFIED,  Alan  J.  Hurd  and 
Pauline  Ho,  Sandia  National  Laboratories, 
Albuquerque,  NM. 

3:45  T9. 6 

EQUILIBRIUM  SIZE  AND  SHAPE  OF  RANDOM  AG¬ 
GREGATES,  H.C.  Akuezue.  and  J.  Stringer, 
Electric  Power  Research  Institute,  Palo 
Alto,  CA. 

4:00  T9, 7 

SELF-ORDERING  AND  KINETICS  OF  EXCITATIONS  IN 
LOW  DIMENSIONS  AND  DISORDERED  MEDIA,  Raoul 
Kopelman,  Lola  W.  Anacker,  Panos  Argyrakis, 
Eric  Clement,  Laurel  Harmond,  Li  Li,  James 
S.  Newhouse,  Stephen  J.  Parus,  Rodney 
Schoonover,  The  University  of  Michigan, 
Department  of  Chemistry,  Ann  Arbor,  MI;  and 
Leonard  Sander,  The  University  of  Michigan, 
Department  of  Physics,  Ann  Arbor,  MI. 


4 : 30  T9. 8 

FRACTAL-LIKE  EXCITON  FUSION  KINETICS  IN 
DILUTE  POLYMER  BLENDS,  Raoul  Kopelman, 
Ching-Shan  Li  and  Zhong-You  Shi ,  The  Univer¬ 
sity  of  Michigan,  Department  of  Chemistry, 
Ann  Arbor ,  MI . 

4:45  T9. 9 

GROWTH  PROBABILITY  DISTRIBUTION  OF  DISCON- 
TINUOUSLY  BRANCHING  TREE  MORPHOLOGY  DEVEL¬ 
OPED  AT  AgCo/NaCl  INTERFACE  BY  ION  IRRADIA¬ 
TION,  B.X.  Liu.  Tsinghua  University,  Center 
of  Condensed  Matter  and  Radiation  Physics, 
CCAST  (World  Lab),  Department  of  Materials 
Science  and  Engineering,  Beijing,  China?  and 
C.H.  Shang,  Tsinghua  University,  Department 
of  Materials  Science  and  Engineering,  Bei¬ 
jing,  China. 
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Tl.l 

BREATH  FIGURES:  DROPLET  CONDENSATION  PAT¬ 
TERNS  ON  SURFACES.  Charles  M.  Knoblcr,  Department  of 
Chemistry  and  Biochemistry.  UCL  A,  Los  Angeles,  CA. 

Breath  Figures  arc  the  patterns  that  form  on  surfaces  when  droplets 
of  a  partially  wetting  or  non-wetting  fluid  nucleate  and  grow  under 
conditions  of  constant  supersaturation.  Experimental  studies  by 
microscopy  and  light  scattering  of  condensation  of  water  on 
silanized  glass  surfaces  have  revealed  two  distinct  stages  of  growth. 
In  the  early  stages,  droplets  grow  independently  and  the  radius  fol¬ 
lows  a  power  law  roe/*.  There  is  a  crossover  to  coalescence- 
dominated  growth  in  which  the  average  radius  <r>  also  follows  a 
power  law  but  with  an  exponent  a'  =  3a.  In  this  regime,  spatial 
correlations  develop  between  droplets,  the  surface  coverage  and 
polydispersity  remain  constant,  and  the  pattern  is  self-similar,  de¬ 
pending  only  on  a  single  characteristic  length,  <r>.  Insight  into 
the  process  has  been  obtained  by  computer  simulations,  which  re¬ 
produce  the  observations  in  detail,  and  by  a  scaling  analysis,  which 
shows  that  the  relation  between  a  and  a'  depends  on  the  dimen¬ 
sionality  of  the  droplets  and  that  of  the  condensing  surface.  Con¬ 
nections  will  be  made  to  other  processes  including  the  vapor 
deposition  of  metals. 

T1.2 

SELF-ORGANIZED  CRITICALITY  AND  AVALANCHE  DY¬ 
NAMICS  IN  A  DROPELET  GROWTH  MODEL  WITH  SLID¬ 
ING.  Fereydoon  Family,  Department  of  Physics,  Emory 
University,  Atlanta,  GA  30322 

What  is  the  origin  of  the  long-range  spatial  and  temporal  corre¬ 
lations  that  are  commonly  observed  in  many  open  dissipative  sys¬ 
tems?  This  question  has  attracted  considerable  attention  in  recent 
years.  The  existence  of  a  stationary  state  in  a  simple  model  of  sand 
pile  has  prompted  Bak  et  al  to  propose  that  the  type  of  scale- 
invariant  avalanches  that  occur  in  the  sand  pile  model  might  be  re¬ 
lated  to  the  scaling  and  fractal  behavior  in  other  open  systems.  The 
existence  of  minimally  stable  states  may  explain  the  dynamics  be¬ 
hind  scaling  and  power  law  behavior  generally  observed  in  fractal 
systems. 

We  have  investigated  a  model  of  droplet  deposition,  coalescence  and 
avalanche.  Our  model  may  mimic  processes  such  as  the  falling  of 
dew  on  a  cobweb  or  the  flow  of  rain  drops  on  a  window  pane.  We 
begin  by  randomly  adding  droplets  to  a  system  and  once  a  given 
droplet  reaches  a  critical  mass,  it  falls  along  a  preferred  direction  in 
the  system  and  in  the  process  coalesces  and  removes  all  the  droplets 
that  it  comes  in  contact  with.  We  have  used  both  lattice  and  off- 
lattice  models  and  have  investigated  the  basic  dynamical  features 
of  the  system,  including  the  distribution  of  avalanche  size  and  the 
time  interval  between  avalanches.  We  find  scaling  behavior  in  some 
of  the  properties  of  the  system,  but  no  power  law  decay  is  observed 
in  the  auto-correlation  function  for  mass  transport.  This  suggests 
interesting  differences  between  self-organized  criticality  in  the  sand 
pile  model  and  the  behavior  of  our  model. 

•  This  work  was  carried  out  in  collaboration  with  Z.  Cheng,  P. 
Meakin,  and  S.  Redner  and  was  supported  by  ONR  and  Petroleum 
Research  Fund. 

Tl.3 

FRACTALS  AND  NUCLEATION.  W.  Klein,  Boston  University, 
Physics  Department. 


The  classical  theory  of  nuclcation  predicts  that  the  decay  from  the 
metastable  state  is  initiated  by  compact  clusters  or  droplets  with 
well  defined  interiors  and  surfaces  that  can  be  treated  separately. 
Indeed,  it  is  the  free  energy  cost  of  creating  the  surface  that  is,  ac¬ 
cording  to  the  classical  theory,  responsible  for  the  existence  of  the 
metastable  state. 

Computer  simulations  have  indicated  that  the  classical  theory  cor¬ 
rectly  describes  the  nucleation  for  systems  with  short  range  inter¬ 
actions  (1,2)  but  not  for  systems  with  moderate  and  long  range 
forces  (3,4).  In  systems  with  long  range  interactions  well  defined 
spinodals  (5,6)  and  the  associated  drop  in  surface  tension  produce 
critical  droplets  that  are  fractal  in  nature.  (7,8) 

We  discuss  the  nature  of  nucleation  in  magnetic  systems  with  long 
range  forces  as  well  as  the  implication  of  these  results  for  the  prob¬ 
lem  of  crystallization. 

1.  D.  Stauffer,  A.  Coniglio  and  D.W.  Heermann,  Phvs.  Rev.  Lett. 
49,1299(1982) 

2.  D.W.  Heermann,  A.  Coniglio,  W.  Klein  and  D.  Stauffer,  J. 
Stat.  Phys.  36,  447  (1984) 

3.  D.W.  Heermann  and  W.  Klein,  Phys.  Rev.  Lett.  50,  1062  (1983) 

4.  L.  Monette,  W.  Klein,  M.  Zuckermann,  A.  Khadir  and  R. 
Harris.  Phys.  Rev.  B38  11607  (1988) 

5.  D.W.  Heermann,  W.  Klein  and  D.  Stauffer,  Phys.  Rev.  Lett 
49,1262  (1982) 

6.  M.  Novotny,  W.  Klein  and  P.  Rikvold,  Phys.  Rev.  333,  7729 
(1986) 

7.  W.  Klein  and  C.  Unger,  Phys.  Rev.  B28,  445  (1983) 

8.  C.  Unger  and  W.  Klein,  Phvs.Rev.  B29,  2698  (1984) 

T1.4 

KINETICS  OF  SP1NODAL  DECOMPOSITION  IN  A 
POLYMER  SOLUTION.  R.  Bansil  and  .1.  Lai,  Boston  University. 

Spinodal  decomposition  in  polymer  system'-  is  of  interest  because 
of  their  long  range  interactions.  We  studied  the  dynamics  of 
spinodal  decomposition  in  polystryenc-cydohcxane  solution  using 
small  angle  light  scattering  and  quasi-elastic  light  scattering  tech¬ 
niques.  The  light  scattering  set  up  consisted  of  a  conical  lens  system 
which  was  used  to  measure  the  time  evolution  of  the  structure  fac¬ 
tor  S(K,t)  at  various  times  /  after  quenching  the  sample  from  a 
temperature  in  the  one  phase  region  to  a  temperature  T,  <  the 
spinodal  temperature  Tr  Qualitatively  we  observe  the  usual  fea¬ 
tures  of  spinodal  decomposition,  i.e.  a  diffration  ring  which  col¬ 
lapses  and  grows  in  intensity  with  time.  However  a  quantitative 
analysis  of  the  data  suggests  that  the  scaling  relations  and  growth 
laws  differ  from  those  found  in  polymer  blends  and  solutions;  for 
c.g.  the  wave  vector  K~t*  where  a  -  1/2  in  contrast  to  the  usual 
result  a  -  1/3  for  binary  liquids.  The  scaling  behavior  of  the 
structure  factor  S(K,t)  is  also  quite  different  and  varies  with  quench 
depth.  Results  from  two  different  molecular  weights  will  be  pre¬ 
sented.  Comparison  on  this  system  with  polymer  blends,  polymer 
gels  and  binary  mixtures  will  be  discussed. 

•Supported  by  NSF 
T1.5 

FRACTAL  DIMENSIONS  IN  QUASICRYSTAL  GROWTH  MODEL 
Z.M.  Wang*  and  K.Y.Siato  Phy»ic«  Dapartmant,  York  Univeriity,  Toronto, 
Ontario  M3J  1F3,  Canada 
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Tile  fractal  dimension  of  two-dimensional  binary  structures  with  five-fold 
symmetry  is  investigated  using  a  quenched  growth  alogorithm  [1],  This  al¬ 
gorithm  has  two  sets  of  parameters:  the  interaction  energies  Eag  between 
the  a  and  0  species,  and  the  linear  box  size  (  on  the  growing  surface.  We 
find  various  phases  as  a  function  of  energy  parameters.  The  box  size  is  re¬ 
lated  to  growth  rate  and  diffusion  process.  The  fractal  dimensions  "slog  the 
radius  of  gyratian[2]  are  calculated  for  systems  up  to  10,000  particles  with 
different  box  sizes  and  in  different  phases.  It  is  found  that  there  are  steps 
in  the  fractal  dimension  across  a  phase  boundary. 

[1].  K.Y.  Szeto  and  Z.M.  Wang.  (1989),  (submitted  to  Phys.  Rev.  B.)  [2). 
Stanley,  H.E.  (1977).  J.Phys.  A10,  L211.  P.  339. 

*  On  leave  from  the  Chinese  Academy  of  Sciences  (Beijing) 

T1.6 

PARTICLE-CLUSTER  GROWTH  OF  AGGREGATES  AT  AN  INTERFACE. 

C.  Allain,  M.  Cloitro.  Lab.  FAST,  Bat.  502,  Castpus 
Universitaire,  91405  Orsay  Cedex  FRANCE. 

Saall  particles  trapped  at  an  horizontal  fluid  interface  by 
surface  tension  forces  exert  capillary  forces  one  on  the 
other.  These  forces  aake  the  particles  stick  together 
forming  aggregates  which  exhibit  self-siailarity  1 

In  order  to  elucidate  the  growth  aecanisa,  we  have 
performed  a  detailed  study  of  the  capillary  interaction.  Ne 
have  found  that  the  vertical  deforaation  of  the  interface 
plays  the  role  of  a  potential  which  is  the  solution  of  the 
screened  Laplace  equation.  The  force  to  which  is  subaitted 
a  capillary  aonopole  T  placed  in  the  capillary  field  C 
which  derives  froa  this  potential  is  siaply  equal  to  F»TC. 

T  and  C  are  function  of  the  geometry  of  the  particle,  of 
the  different  densities  and  of  the  contact  angle.  In 
addition,  we  can  also  calculate  the  capillary  field  around 
aggregates. 

We  have  used  these  results  to  perform  nuaerical  siaulations 
of  particle-cluster  aggregation  induced  by  capillary 
forces.  Single  particles  are  launched  far  away  froa  an 
origin  by  which  they  are  attracted  and  where  they  stick 
irreversibly.  The  particles  are  not  brownian  and  they  aove 
only  because  of  the  attractive  interactions.  This  situation 
is  completely  different  from  the  DLA  aodel  where  the 
particles  undergo  a  brownian  notion.  When  the  radius  of  the 
particles  is  of  the  order  of  the  screening  length,  the 
aggregates  are  stringy  with  a  fractal  diaension  of  about 
1.2.  When  the  radius  is  lower  than  the  screening  length, 
the  aggregates  are  compact  at  low  length  scales.  These 
observations  can  be  understood  in  terns  of  the  properties 
of  the  capillary  interaction. 

'C.  Allain,  M.  Cloitre,  in  “Universalities  in  Condensed 
Matter",  Springer-Verlag,  Berlin,  1988,  p.146. 

T1.7 

STATISTICAL  PROPERTIES  OF  GENERALIZED  AGGREGATION 
SYSTEM  WITH  INJECTION.  H . Takayasu ,  Department  of 
Physics,  Boston  Univ.,  Boston,  MA02215  and  Earth 
Science,  Kobe  Univ.,  Kobe  657,  Japan 

We  theoretically  analyze  statistical  properties 
of  an  irreversible  system  which  is  governed  by 
random  aggregation  of  real  variables.  In  the 
presence  of  injection  the  system  automatically 
chooses  a  critical  stationary  state  having  a 
power  law  distribution.  The  exponent  of  the  power 
depends  both  on  the  spatial  dimension  and  on  the 
type  of  injection. 

Appliing  this  system  to  turbulence  we  give  a 
theoretical  explanation  for  the  recent 


experimental  fact  that  the  distribution  of 
relative  velocity  in  fully  developed  turbulence 
follows  a  Lorentzian. 

We  also  report  a  strange  multifractal  property 
of  this  system,  that  is,  the  f-or  spectrum  is 
characterized  by  a  single  pointffor  example, 
f=l,a=3)  but  the  generalized  dimension  D, 
becomes  a  curve. 

Tl.8 

TWO- STAGE  AGGREGATION  OF  A  NON-AQUEOUS  GOLD  COLLOID  * 

B.J.  Olivier  and  C.H.  Sorensen.  Department  of  Physics. 

E.B.  Zuckerman  and  K.J.  Klabunde,  Department  of 
Chemistry,  Kansas  State  University,  Manhattan,  KS 
66506. 

We  have  studied  the  dynamic  behavior  of  a  non- aqueous 
aggregating  gold  sol  using  quasi-elastic  light¬ 
scattering  (QELS) .  Pyridine  has  been  used  to  displace 
the  particle  surface  charge,  inducing  aggregation.  By 
varying  pyridine  concentration  different  aggregation 
regimes  were  obtained. 

The  smaller  pyridine  concentrations  resulted  in  a 
unique  aggregation  regime.  In  this  regime  a  two -stage 
cluster  growth  process  has  been  observed.  The  first 
stage  of  the  growth  process  involves  4  to  5  run 
spherical  gold  monomers  aggregating  and  forming 
compact,  larger  gold  spheres  of  approximately  30  nm 
radii.  A  second  growth  stage  appears  once  the 
particles  have  obtained  the  approximate  30  nin  radius. 

Here,  the  compact  gold  spheres  aggregate  to  form 
ramified,  seemingly  fractal  clusters.  Each  stage  is 
characterized  with  a  kernel  homogeneity  (A). 

Preliminary  analysis  shows  the  first  stage  has  A-l/3 
while  the  second  stage  displays  nearly  exponential 
cluster  growth.  *Supported  by  NSF  Grant  CBT8709622 

T2  •  X 

FRACTAL  MEASURES  OF  POROUS  MEDIA.  Claude  Tricot, 
Department  of  Applied  Mathematics,  Ecole  Polytcchnique,  C.P. 
6079,  Succ.  A,  Montreal  (Quebec)  H3C  3A7,  Canada. 

A  characteristic  index  for  porous  sets  is  the  order  of  growth  of  the 
hole  sizes.  It  may  be,  in  specific  cases,  related  to  fractal  parameters 
(dimension  of  the  residual  set,  dimension  of  its  boundary,  fat-fractal 
exponent).  Relationships  between  this  parameters  are  investigated 
according  to  the  topology  of  the  set. 

We  show  how  to  extend  the  same  methodology  to  other  problems 
such  as: 

•  fractal  dimension  of  aggregates 

•  two-sided  dimension  of  a  closed  cure 

•  connected  networks  in  the  3-dimensional  space. 

T2.2 

A  LOCAL  PERTURBATION  NOTION  APPLIED  TO  ROUGH 
SURFACE  ANALYSIS.  D.  Wehbi,  J.F.  Quiniou,  C.  Roques- 
Carmes,  ENSMM-LMS,  25030  Besancon  Cedex,  France;  and  C. 
Tricot,  Ecolc  Polytcchnique  dc  Montreal,  C.P.  6079,  Succ.  A.. 
Montreal  Quebec,  Canada  H3C  3A7. 

Classical  Fourier  transforms  give  a  global  analysis  of  signals.  In 
view  of  practical  applications,  wc  introduce  a  local  approach  based 
upon  the  concept  of  perturbation. 

For  a  given  curve  T,  the  first  step  consists  in  the  parameterization 
of  T  by  a  time-parameter  t.  Local  areas  arc  the  image  of  time- 
windows  [t-e,t  +  r],  in  which  a  perturbation  p(r,r)  is  measured. 

The  perturbation  is  minimal  when  the  local  arc  is  a  straight  seg¬ 
ment.  We  may  point  out  this  general  notion  by  using  various 
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mathematical  definitions.  These  definitions  may  use  statistics  (mo¬ 
ment  of  order  n,  min  and  max-values),  or  geometrical  parameters 
of  T  (convex  hull,  diameter,...). 

The  best  suitable  definition  of  p (t,r)  is  selected  according  to  the  in¬ 
put  -  type  of  acquisition-  or  the  output  -  efficiency  of  numerical 
calculations  -  data. 

The  order  of  growth  of  the  average  perturbation  p  (r)  to  O  is  related 
to  the  fractal  dimensionnality  of  T. 

T2.3 

ELECTROMAGNETIC  AND  OPTICAL  WAVE  SCATTERING 
FROM  FRACTAL  OBJECTS.  Xiaoguang  Sun  and  Dwight  L. 

Jaggard,  Moore  School  of  Electrical  Engineering.  University  of 
Pennsylvania,  Philadelphia,  PA  19104/6390. 

In  the  coastline  problem,  the  length  of  a  rough  coastline  is  deter¬ 
mined  by  measurements  using  yardsticks  of  decreasing  length. 

Since  increasingly  fine  structure  of  the  coastline  can  be  measured 
or  'seen'  as  the  yardstick  becomes  shorter,  its  measured  perimeter 
or  length  will  increase.  The  rate  at  which  this  perimeter  increases 
with  decreasing  yardstick  size,  is  a  quantitative  measure  of  the 
coastline  roughness  and  hence  its  fractal  dimension.  In  the  problem 
of  wave  interaction  with  fractal  surfaces,  the  wavelength  of  the  in¬ 
cident  wave  acts  as  a  yardstick  which  probes  the  fractal  nature  of 
the  rough  surfaces  at  different  scales  as  its  size  is  varied.  In  this 
way,  the  increasingly  fine  structure  of  the  rough  objects  can  be 
"seen"  as  the  wavelength  becomes  shorter.  The  fractal  character¬ 
istics  of  these  objects  are  embedded  in  their  scattering  properties  as 
the  wavelength  is  changed. 

We  consider  the  scattering  of  electromagnetic  waves  from  a  family 
of  irregular  rough  objects  characterized  by  bandlimited  fractal 
functions  such  as  the  bandlimited  Weierstrass  function.  This 
method  provides  a  unified  and  realistic  novel  method  for  examining 
rough  objects  without  the  use  of  random  functions  and  averaging 
techniques.  We  consider  here  canonical  fractal  objects  such  as 
fractally  corrugated  surfaces,  fractally  corrugated  cylinders,  and 
fractally  fluted  cylinders.  The  undisturbed  incident  field  (Kirchhoff 
approximation  or  Born  approximation)  method  is  used  in  each  case. 

We  find  analytical  expressions  and  carry  out  numerical  calculations 
for  these  fractal  scattering  problems.  We  relate  the  angular  dis¬ 
tribution  of  the  scattering  field  to  the  fractal  descriptors  including 
the  fractal  dimension  of  these  objects. 

T2.4 

EVIDENCE  OF  CRITICAL  BEHAVIOR  IN  A  RANDOM 
FRACTAL  AUTOMATON.  G.  M.  Dimino,  Physics  Hoard  of 
Studies,  U.C.S.C.,  Santa  Cruz,  CA;  and  J.  H.  Kaufman,  I  B  M.  Re¬ 
search  Division,  Almadcn  Research  Center,  San  Jose,  CA. 

An  automaton  is  described,  in  which  growth  is  regulated  by 
connectivity  and  a  simple  self  screening  constraint.  As  the  strength 
of  the  screening  is  increased,  the  pattern  evolves  from  compact  to 
one  dimensional,  passing  through  an  intermediate  'critical*  state. 

This  state  qualitatively  resembles,  and  has  a  fractal  dimension  similar 
to  that  found  in  Witten-Sander  aggregates,  D  -  5/3. 

Finite  size  scaling  of  D.  vs.  screening  angle  is  observed,  and  the 
correlation  length  exponent  v  is  obtained.  Since  rotational  symmetry 
is  broken  in  this  transition,  we  suggest  that  this  is  true  critical  be¬ 
havior,  with  an  effective  temperature  equal  to  2 n-6  where  6  is  the 
screening  angle.  A  quantity,  (mean  deviation  of  the  radial  distrib¬ 
ution  function)  is  found  to  behave  like  an  order  parameter,  and  an 
exponent  fi  m  0.4±.l  extracted.  The  effective  susceptibility  has  been 
calculated  from  correlations  in  this  quantity,  and  it  diverges  with  an 
exponent  y  “  l.4±,2  Other  possible  order  parameters,  and 
multifractal  properties  will  be  discussed. 


T2.5 

INFORMATION  DIMENSION  AS  A  MEASURE  OF  FRACTAL  DISORDER. 
Panos  Argyrakis,  Department  of  Physics,  313-1,  University  of 
Thessaloniki,  54006  Thessaloniki,  Greece. 

A  new  picture  is  presented  that  studies  dynamic  phenomena  on 
the  usual  fractal  stucture,  such  as  the  Sierpinski  gasket, 
the  percolation  clusters,  etc.  by  evaluating  the  well-known 
information  function.  This  function  has  the  form  PlnP,  i.e. 
an  entropic  form,  where  P  is  some  type  of  probability 
measure.  As  an  example  we  calculate  the  spectral  dimension 
for  a  random  walk  on  a  fractal.  We  find  that  scaling  is 
fully  obeyed,  and  that  the  numerical  values  of  the  scaling 
exponents  are  in  complete  agreement  with  the  previous 
'classical*  way.  We  calculate  all  probability  functions  and 
show  how  the  crossover  to  Euclidean  behavior  takes  place. 

T2.6 

RANDOM  WALK  SIMULATION  OF  SOLVABILITY  THE¬ 
ORY  FOR  THE  SAFFMAN-TAYLOR  PROBLEM.  D.C.  Hong. 
Physics  Department  and  Center  for  Polymer  Science  and  Engineer¬ 
ing,  Lehigh  University,  Bethlehem,  PA  18015;  H.  Guo,  Physics 
Department,  McGill  University,  Montreal,  Quebec,  Canada 
H3A2T8. 

We  test  the  prediction  of  the  solvability  theory  in  the  Saffman- 
Taylor  problem  by  a  random  walk  simulation.  By  a  suitable  mod¬ 
ification  of  the  surface  tension  in  accord  with  the  solvability  theory, 
we  observe  a  dynamically  stable  cusp  to  develop  on  the  finger  pro¬ 
file  leading  to  a  substantial  reduction  in  the  finger  width.  Identify¬ 
ing  this  cusp  with  that  origination  from  the  solvability  theory,  we 
find  an  excellent  agreement  between  the  solvability  theory  and  the 
simulation  results. 

T3.1 

FLUCTUATIONS  IN  PHOTON  EMISSION  DURING  EPOXY 
FRACTURE:  EVIDENCE  FOR  CHAOS.*  Zbenyi  Ma,  3-  T. 

Dickinson,  and  S.  C.  Langford,  Department  of  Physics,  Washington 
State  University,  Pullman,  WA  99164. 

The  fracture  of  a  number  of  materials  is  accompanied  by  the  emission 
of  visible  light.  This  photon  emission  (phE,  or  triboluminescence) 
can  be  detected  with  a  photomultiplier  tube  and  digitised  on  sub- 
microsecond  time  scales.  We  have  examined  the  time  series  defined 
by  successive  phE  measurements  for  two  materials,  single  crystal 
MgO  and  a  brittle,  unfilled  epoxy,  for  evidence  of  chaos.  Probability 
distributions,  autocorrelation  functions,  Fourier  transforms,  and  tbe 
correlation  Integral  of  Grassberger  and  Procaccia  reveal  nonstochastic 
fluctuations  indicative  of  chaotic  behavior  associated  with  a  low 
dimensional  attractor.  A  significantly  positive  Lyapunov  exponent 
estimate  provides  further  evidence  for  chaos  la  the  epoxy  phE.  We 
also  report  fractal  dimeasioa  measurements  of  the  epoxy  fracture 
surface  (D,).  We  find  that  D(  is  strongly  correlated  with  a  fractal 
measure  (two-dimensional  box  dimension)  of  the  phE  data.  This 
suggests  that  the  progress  of  crack  growth  through  the  epoxy  displays 
fractal  features  which  are  reflected  in  the  accompanying  phE. 
Possible  correlations  between  D,  aad  other  fracture  parameters  (e.g. 
fracture  toughness)  will  also  be  discussed.  phE  from  the  unfilled 
epoxy  will  be  compared  with  phE  from  a  similar  epoxy  filled  with 
alamiaa  particles.  The  filled  epoxy  displays  an  Important  additional 
fracture  mode  (iater'acial  failure)  aad  phE  mechanism  (involving 
charge  separation  at  epoxy/alumiaa  interface). 

•Work  supported  by  tbe  National  Science  Foundation  nnder  Grant 
DMR  tbOlttl,  the  Office  of  Naval  Research  nnder  Contract  N00014- 
S7-K-0514,  the  McDonnell  Doaglas  Independent  Research  and 
Development  Fund,  aad  the  Washington  Technology  Center. 


636 


T3.2 

FRACTURE  AS  a  FRACTAL  PROCESS'.  THEORY  &  EX¬ 
PERIMENT.  T..I.  Mackin,  J.J.  Mccholsky,  Jr.,  and  D.E.  Passoja, 
The  Pennsylvania  State  University,  University  Park,  PA  16802, 

Fractal  dimension  was  used  to  characterize  the  fracture  surfaces  of 
several  polycrystalline,  single  crystal  and  glass  ceramic  fracture 
surfaces.  The  fractional  part  of  the  fractal  dimensions  were  corre¬ 
lated  with  the  critical  stress  intensity  factor.  From  this  correlation, 
an  empirical  equation  was  derived  relating  fracture  energy  and 
fractal  dimension. 

Recently,  several  theoreticians  have  proposed  a  relationship  be¬ 
tween  fractal  dimension  and  fracture  energy.  Furthermore,  the 
quasi-static  Griffith  approach  can  be  modified  using  fractals,  again 
providing  a  theoretical  basis  for  a  fractal  dimension-fracture  energy 
relationship.  This  new  approach,  which  will  be  called  the  fractal 
Griffith  relation,  will  be  presented  along  with  several  theoretical 
proposals  from  the  literature.  These  models  will  be  compared  with 
the  experimentally  derived  relationship. 

T3.3 


The  purpose  of  this  paper  is  to  research  the  relationship  between  the 
behavior  of  material  fracture  and  the  fractal  dimension  of  the  frac¬ 
tured  surface  as  well  as  the  scaling  law  of  the  relaxation  modulus. 

Obviously,  the  fractal  dimension  is  closely  related  to  the  mechanical 
properties  of  material.  It  is  shown  that  the  mechanical  behavior  of 
material  may  be  predicted  by  the  measurement  of  the  fractal  di¬ 
mension  of  the  fracture  surface. 

T3.5 

FRACTAL  NATURE  OP  FRACTURE  SURFACE.  Oonfwen  Rem*  and 
Decheng  Tien,  Physic*  Department,  Wiiian  Uiiversity,  Ntiian, 
P.R.  China 

Abstract —  A  kinetic  aerial  ia  presented  to  simulate 
aicroeoopioally  the  crack  propagatiwt  in  aolida  oopaaed 
of  discrete  atoa*.  The  resulting  fracture  surface  ia  fo«*ri 
to  he  a  fractal  with  dimension  depending  on  the  elastic 
constants  of  the  material.  For  a  2-d  lattice  network 
consisting  of  100  nodes  in  the  x-direetion  and  50  nodes  in 
the  y-direction  where  the  load  la  allied,  we  obtain  the 
fractal  deaensiane  of  the  fracture  surfaces  Tar  two 
typical  cages  ;D=le01l40.003  for  Kjf/Ky-1»  D=l,248  40,017 
for  K*/Ky=10. 


STRUCTURE  ANALYSIS  OF  FRACTURE  SURFACES 
USING  SCANNING  TUNNELING  MICROSCOPY.  D.  A. 
Bonnell  and  M.  W.  Mitchell;  The  University  of  Pennsylvania, 
Philadelphia.  PA  19104 


T3.6 

PERCOLATION  PROPERTIES  OF  RANDOM  TWO- 
DIMENSIONAL  POISSON  FRACTURE  NETWORKS.  Kunal 
Ghosh,*  Kevin  Hestir,**  and  Jane  Long,  Lawrence  Berkeley  Labora- 
toryTSerkeley,  CA. 


The  geometric  structure  of  fracture  surfaces  could  provide  insight  into 
fracture  mechanisms,  particularly  in  elastic  materials  where  atomistic 
processes  dominate.  Fractal  models  have  recently  been  invoked  to 
describe  fracture  surface  structure;  however,  surface  roughness  has 
proven  difficult  to  quantify  experimentally.  The  most  common 
approaches  to  surface  roughness,  sectioning  to  measure 

profiles  and  grinding  to  measure  tress  C*lit  island1),  require  dun  a  large 
number  of  measurements  be  made  on  each  surface.  The  tedioumess  of 
riwm  pwrinHes  cnmptriwjishie  analvrix  nf  a  large  mtmhw 

of  surfaces.  In  contrast,  topographic  images  acquired  in  a  scanning 
tmmeiing  microscope  roe  easy  to  acquire  and  provide  a  high  density 
digitiMtinw  imewftfc  m  mathematical  anaiyrix.  to  explore  this  potential 
the  spectral  density  and  the  variational  horizontal  element  structuring 
method  (HESM)  of  calculating  fractal  dhnrnriraMl  increment!  were  mated 
on  ideal  "STM  profiles*  genaaaed  from  a  random  number  generator  and 
the  Weierstrass-Mandelbrot  function  with  theoretical  dimensional 
increments  varying  from  0.2  -  0.6.  The  characteristic  noise  in  the 
tnmwlwig  signal  was  also  quantified.  This  provided  a  measure  of  the 
uncertainty  in  our  method  and  a  comparison  of  fractal  models  to  more 
conventional  mcaauret  of  surface  roughness. 

The  structure  of  tingle  crystal  SiC  and  Si  fracture  surfaces  were  then 
imaged.  Several  conventional  and  fractal  roughness  parameters  were 
calculated  for  each  case.  The  variation  of  surface  structure  with  fracture 
direction  was  determined,  as  were  local  variations  with  position.  There 
observances  will  be  dbramcri  in  terms  of  their  implications  to  fracture 
mechanisms. 


To  study  hydrological  flow  through  cracks  in  solid  material,  a  model 
has  been  proposed1  which  creates  a  two-dimensional  network  of  fluid 
conducting  lines,  called  fractures.  In  this  paper,  we  discuss  the  expres¬ 
sion  for  permeability  using  percolation  theory.  (The  results  from 
equivalent  media  theory  are  discussed  in  Ref.  1). 

The  permeability  of  such  a  system  is  the  hydrological  equivalent  of  the 
avenge  DC  electrical  conductivity  of  a  random  resistor  network.  The 
important  difference  here  is  that  the  lattice  is  not  regular.  In  particu¬ 
lar,  both  the  coordination  number  z  and  the  normalized  filling  fraction 
p  of  this  random  lattice  are  calculated  from  the  average  number  of 
intersections  per  fracture.  Therefore,  z  is  a  function  of  p.  Then  the 
permeability  K  is  expressed  as  K  -  (P~Pc)\  where  pc  is  the  perco¬ 
lation  threshold. 

We  present  the  results  of  the  permeability  studies  near  pc  for  a  set  of 
rirK  random  lattices  with  different  fracture  densities,  as  well  as 
different  distributions  of  length  and/or  orientation.  The  computed 
value  of  the  critical  exponent  t  gives  t  -  1.1.  This  is  approximately 
the  sanre  universal  value  for  regular  2-D  lattices,  independent  of  the 
lattice  structure.  Moreover,  the  p-dependent  coordination  number  z 
has  a  value  at  pc  which  obeys  the  universal  law  z  =  d/(d~l)pc.  The 
geometrical  properties  of  the  clusters  near  and  above  the  percolation 
threshold  are  currently  under  investigation. 


1.  K.  Hestir,  J.  Long,  and  K.  Ghosh,  this  conference. 


T3.4 

FRACTAL  EFFECTS  AND  PERCOLATION  OF  MATERIAL 
FRACTURE.  Dcngshi  Huang,  Department  of  Basic  Science, 
Sichuan  Economic  Management  College,  Chendu,  Sichuan,  Peo¬ 
ple's  Republic  of  China. 

The  fracture  of  material  is  an  important  phenomenon  whose  study 
is  of  great  practical  importance.  Mandelbrot  and  co-workers 
pointed  out  that  fracture  of  material  gives  a  statistical  self-similar 
fractal  and  its  fractal  dimension  is  relevant  to  the  properties  of  the 
materials.  Recently,  Ray  et  al  and  Sieradzki  discussed  two  dimen¬ 
sional  fracture  by  percolation  theory. 


•Permanent  address:  Jackson  State  University,  Jackson.  MS 
••Permanent  address:  New  Mexico  State  University,  Las  Cruces,  NM 

T3.7 

THE  FRACTAL  NATURE  OF  THE  CRAZE  PATTERN  DEVELOPED  IN  MODE  I 
FRACTURE  OF  POLYMERIC  MATERIALS*.  luhOTlfl  Mi.  J.  C.  M.  U, 
Materials  Science  Program,  Department  ot  Mechanical  Engineering. 
University  ol  Rochester,  Rochester,  NY  14627 

Dow  Chemical  ABS  polymer  with  1 7.5%  rubber  content  Is  fractured  in 
Mode  I  by  using  a  compact  tension  specimen.  The  plastic  zone  developed 
before  fracture  has  two  distinct  parts.  A  homogeneous  cavity  zone 
assumes  a  shape  which  seems  to  follow  a  critical  hydrostatic  tension 
criterion.  Superposed  in  this  zone  and  radiating  from  the  crack  tip  are  a 
tat  of  finger-shaped  crazes  which  seem  to  follow  directions  consistent 
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with  the  gradients  of  hydrostatic  tension.  These  fingers  possess  the 
features  ol  a  Cantor  set  which  has  a  fractal  dimension  of  about  0  7  The 
density  inside  the  fingers  is  about  20%  lower  than  the  original  material 
The  stored  energy  of  the  finger  region  in  the  plastic  zone  is  about 
O.Bcal/g  and  can  account  for  80%  of  the  toughness  of  the  material.  The 
size  of  the  plastic  zone  is  larger  inside  than  at  the  surface  of  the 
specimen  just  opposite  to  the  behavior  of  metals.  The  difference  is 
explained  by  the  different  yield  surfaces  of  the  two  materials.  ABS 
containing  varying  rubber  percentages  are  investigated  also.  The 
contribution  of  the  fractal  nature  of  the  craze  fingers  to  the  fracture 
toughness  of  the  polymers  is  discussed. 

■  Work  supported  by  Dow  Chemical  Company. 

T3.8 

WEIBULL  PLOTTING  OF  A  FRACTAL  DISTRIBUTION 
OF  FLAWS.  John  F.  Wight  and  James  W.  Laughner, 
NYS  College  of  Ceramics,  Alfred  University, 
Alfred.  NY  1A802. 


T4.1/U10.1 

FRACTAL  STRUCTURE  AND  DYNAMICS  OF  TWO  FLUID 
FLOW  IN  POROUS  MEDIA.  Jens  Feder.  Department  of  Physics, 
University  of  Oslo,  Box  1048  Blindem,  0316  Oslo  3,  Norway. 

The  Sow  of  fluids  in  porous  media  leads  to  displacement  fronts  that 
are  fractal  in  many  situations.  We  discuss  results  obtained  in  exper¬ 
iments  on  two-dimensional  models.  The  dispersion  of  tracers,  the 
invasion  percolation  at  low  displacement  rates  and  the  viscous  fin¬ 
gering  at  high  displacement  rates  are  discussed.  Symmetry  breaking 
by  gravity  effects  due  to  density  differences  leads  to  crossover  phe¬ 
nomena  that  can  be  described  by  scaling  functions.  New  results  on 
the  displacement  in  three-dimensional  models  are  presented. 

Fractal  displacement  processes  exhibit  dynamic  scaling  behavior 
characterized  by  new  exponents,  which  we  discuss  in  the  context 
of  invasion  percolation. 


The  Weibull  modulus  characterizes  a  material, 
giving  an  empirical  relationship  between  load 
and  risk  of  failure.  The  work  presented  here 
links  the  empirical  Weibull  modulus  to  a 
fractal  flaw  size  distribution,  giving  the 
Weibull  modulus  a  more  theoretical  basis. 


T4.2/U10.2 

NUMERICAL  AND  ANALYTICAL  MODELS  OF  TRANSPORT  IN 
POROUS  CEMENTITIOUS  MATERIALS.  Edward  J.  Garboczi 
and  Dale  P.  Bentz,  National  Institute  of  Standards 
and  Technology,  Building  Materials  Division, 
226/B348 ,  Gaithersburg,  MD  20899. 


A  model  of  rods  containing  penny  crack  flaws 
is  constructed.  The  flaw  size  distribution 
is  characterized  by  a  fractal  dimension.  The 
flaw  size  distribution  in  the  rods  is  operated 
on  by  the  Griffith  theory  yielding  a  strength 
distribution.  Except  at  its  extremes,  the 
Weibull  plot  of  the  strength  distribution  is 
linear  with  a  slope  (Weibull  modulus)  equal 
to  twice  the  fractal  dimension  of  the  flaw 
size  distribution. 

T3.9 

APPLICATION  OF  FRACTAL  GEOMETRY  TO  DAMAGE 
MODELING  IN  ADVANCED  MATERIALS.  Ted  L.  Anderson. 
Texas  A&M  University,  Department  of  Mechanical  Engineering, 
College  Station,  TX. 

Many  investigators  have  used  the  concepts  of  fractal  geometry  to 
characterize  rough  surfaces  such  as  fracture  surfaces.  However, 
relatively  few  have  recognized  the  potential  of  this  subject  to 
describe  microstructural  inhomogenieties  such  as  second  phase 
particles  and  microcracks.  In  the  present  work,  the  author 
assumes  a  material  with  a  fractal  distribution  of  microcracks,  and 
then  models  the  mechanical  behavior  of  such  a  material. 


If  a  material  contains  a  self-similar  distribution  of  microcracks, 
the  microcrack  density  can  be  represented  by  a  simple  power  law: 
,  .  Nr(a>ac)  , 
p(ac)  * - v - =  Xac  D 

where  a  is  a  characteristic  crack  dimension,  ac  is  a  reference  crack 
size,  A  is  a  constant,  and  D  is  the  fractal  dimension. 


If  the  material  is  brittle,  the  largest  microcrack  that  is  sampled 
governs  failure.  In  this  case  the  above  equation,  combined  with 
weakest  link  statistics  and  the  Griffith  failure  criterion,  leads  to 
the  well-known  Weibull  distribution  for  failure  stress,  with  the 
Weibull  shape  parameter  -  2D.  When  a  material  exhibits  stable 
microcrack  growth,  relatively  simple  expressions  for  global 
properties  such  as  effective  modulus  and  total  fracture  energy 
can  be  derived.  The  latter  case  represents  an  alternative  to 
traditional  continuum  damage  mechanics. 


Fluid  flow  under  applied  pressure  gradients  and 
ionic  diffusion  under  applied  concentration 
gradients  in  the  pore  space  of  a  cementitious 
material  are  the  key  transport  mechanisms  that  take 
place  in  these  materials.  Recent  theoretical 
developments  in  the  research  labs  of  the  oil 
exploration  industry  give  new  insight  into  how 
these  processes  can  be  successfully  modelled  at  a 
fundamental  level  for  cementitious  materials.  This 
talk  will  describe  new  computational  methods  for 
computing  effective  diffusion  constants  in  models 
of  porous  materials,  and  analytical  percolation- 
theory-based  equations  for  predicting  effective 
permeabilities.  Digitized  image  modeling 

techniques  developed  at  NIST  will  also  be 
described. 

T4.3/U10.3 

SIZING  REQUIREMENTS  FOR  FLOW-THROUGH  GEOCHEMICAL 
TESTS  PARTI.  THEORETICAL  CONSIDERATIONS.  J.  D.  HWYCI 
and  E.  C.  Thornton,  Westinghouse  Hanford  Company.  P.O.  Box  1970, 
Richland,  WA  99352 

A  methodology  for  evaluating  test  apparatus  size  requirements  has  been 
applied  to  the  sizing  of  flow-through  tests  used  in  the  evaluation  of  coupled 
processes  in  open  hydrothermal  systems.  The  results  of  the  sizing 
evaluation  provide  limits  or  the  apparatus  dimensions  and  test  conditions 
required  to  yield  results  •  presentative  of  the  processes  of  interest.  It  is 
indicated  from  these  ev  jations  that  this  information  is  critical  in  the 
design  of  flow-through  tests  and  in  the  interpretation  of  test  results.  Size 
considerations,  therefore,  impact  the  use  of  flow-through  test  results  in 
simulating  the  processes  expected  to  occur  in  the  near-field  environment  of 
a  nuclear  waste  repository. 

The  main  objective  of  this  size  evaluation  is  determination  of  the  column 
dimensions  and  test  conditions  necessary  to  produce  reactions  pertinent  to 
the  processes  of  interest.  The  basis  of  the  evaluation  is  treatment  of  the 
time  required  for  reactions  or  processes  of  interest  to  occur,  as  the  required 
column  residence  lime  for  the  fluid.  Reaction  paths  and  reaction  times  for 
model  systems  were  determined  using  geochemical  models  involving 
reaction  rate  equations  based  on  transition  state  theory.  The  range  of 
appropriate  column  dimensions  may  then  be  obtained  using  expressions 
relating  residence  time  to  apparatus  dimensions  and  flow  conditions. 

A  finite  range  of  appropriate  column  dimensions  and  test  conditions  exist 
for  a  given  residence  time  requirement.  However,  determination  of 
appropriate  residence  time  depends  on  the  purpose  of  the  test  and 
processes  of  interest.  Factors  such  as  test  duration,  sampling  requirements, 
and  engineering  limitations  must  also  impact  the  size  and/or  scale 
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requirements  and  these  criteria  can  be  used  in  the  choice  of  the  most 
practical  combination  of  column  dimensions  and  test  conditions.  It  is 
indicated  from  the  results  of  this  study  that  size  evaluations  provide  a 
technical  basis  for  the  design  and  construction  of  flow-through  tests,  and 
also  far  the  interpretation  of  test  results. 

T4.4/U10.4 

A  Lagrangian  reactive  Transport  Simulator  with 
Multiple  Paths  and  Stationary-States:  Concepts, 
Implementation  and  Verification,  r.  B.  Knapp.  L206,  Earth 
Sciences  Department,  Lawrence  Livermore  National  Laboratory,  University 
of  California,  Livermore,  California  94550 


A  geochemical  software  package  which  models  stadc,  single-path  kinetic 
water-rock  interactions,  EQ3/6  [Wolery,  T.  J.,  Lawrence  Livermore  Na¬ 
tional  Laboratory,  UCRL-52658,  19791,  has  been  modified  to  incorporate 
multiple-paths  and  stationary  states  under  high  Peclet  number  transport 
conditions  in  a  Lagrangian  reference  frame  [Lichtner,  1988].  These 
modifications  permit  calculation  of  reactive  transport  with  reasonable 
computational  requirements.  Results  from  the  new  code,  mpeq6,  have 
been  compared  with  analytical  results  for  the  simple  HQ  •  S1O2  system;  ex¬ 
cellent  agreements  were  achieved.  Results  from  mpeq6  have  also  been 
compared  with  published  results  (Lichtner,  P.,  Geochim.  Cosmochim. 
Acta,  52,  143-165,  1988]  for  a  portion  of  the  AI2O3  -  HC1  -  K2O  -  Si02 
system.  The  results  are  in  good  qualitative  and.  in  some  cases,  good 
quantitative  agreement.  However,  the  values  of  some  variables  differ  sub¬ 
stantially;  these  differences  can  be  attributed  to  use  of  a  different  set  of  A1 
and  Si  aqueous  species. 

T4.5/U10.5 

fractal  characteristics  of  fracture  networks  and  fluid 

MOVEMENT  IN  ROCK.  Chnuophcr  C  Bxrtou,  Bax  25046,  MS  913,  Federal 
Center,  Dam,  CO  80225 

Society’s  need  to  recover  fluid  resources  (water,  oil,  and  (as)  from  the  Earth  and 
10  inject  tone  waste  materials  in  a  reliable  — »  requires  quantitative  models  to 
describe  and  predict  the  movement  of  fluids  in  rock.  models  based  an 

pore-space  flow  arc  inappropriate  for  study  of  the  more  rapid  process  of  fluid  flow 
through  fracture  networks.  This  type  of  flow  is  not  a  simple  function  of  the 
fracture  characteristics  at  any  particular  scale,  but  rather  the  integration  of 
contributions  at  all  scales. 

The  mathematical  constructs  of  fractal  geometry  are  uniquely  to  quantify 

and  model  relationships  within  complex  systems  that  are  statistically  eqmvalent 
(that  is,  self-similar)  at  all  scales.  My  results  show  that  natural  fracture  networks 
in  rock  follow  a  fractal  scaling  law  over  six  orders  of  magnitude.  Detailed 
measurements  of  two-dimensional  mwplv*  of  three-dimensional  fracture  networks 
(at  diverse  scales  in  rocks  of  dissimilar  age,  lithology,  and  tectonic  setting)  show 
similar  fractal  dimensions  in  the  range  L6-UL 

The  small  range  in  fractal  dimension  implies  that  a  single  physical  process  of  rock 
fracturing  operates  over  a  wide  range  of  scales,  from  microscopic  cracks  to  large, 
regional  fault  systems.  Independent  field  evidence  has  previously  demonstrated 
that  rock  fracturing  is  an  aerator  process  in  which  preexisting  fractures  influence 
the  formation  of  subsequent  fractures  (such  behavior  is  characteristic  of  fractal 
processes).  The  fractal  behavior  implies  that  fracture-network  development  a 
governed  by  a  nonlinear  equation.  Fortunately,  the  abihty  of  fractal  mathematics 
10  accurately  quantify  and  model  the  system  is  not  dependent  on  rpedfic 
knowledge  of  this  equation,  as  the  equation  has  not  yet  been  identified. 

Knowledge  that  rock  fracture  networks  are  fractal  snows  use  of  from  1  got. 
dimensional  drill-hole  sample  to  predict  the  two-  and  three-dimensional  attributes 
of  the  fracture  system.  The  Duong  of  fractures  in  drill  holes  is  a  fractal  Cantor 
distribution,  and  the  range  of  fractal  dimension  is  0441,  which  is  an  integer 
dimension  less  than  that  of  fraoure-trace  patterns  exposed  on  two-dimensional, 
planar  sections.  The  patten  of  rorfc-matnx  flow  era  exhibit  fracul  fmrtm,  and 
matrix  permeability  is  patchy  in  t  manner  analogous  to  fractal  percoiauoe  ousters. 

T4.6/U10.6 

FLOW  TO  WELLS  IN  FRACTURED  ROCK  WITH  FRACTAL 
STRUCTURE.  Jim  Polek,  Kenzi  Karasakt  and  Jane  Long,  Lawrence 
Berkeley  Laboratory,  Berkeley,  CA;  and  John  Barker,  British  Geo¬ 
logical  Survey,  Wallingford,  Oxfordshire,  U.K. 

Traditionally,  models  of  fluid  transport  in  rocks  have  been  based  on 
an  integral  (Euclidean)  flow  dimension.  However,  this  assumption  is 
not  necessary  and  may  not  always  be  appropriate,  especially  for 
rocks  with  poorly  connected  fractures.  Banter  (1988)  has  formulated 
and  solved  die  equation  of  flow  to  a  well  in  a  rock  system  character¬ 
ized  by  an  arbitrary  flow  dimension. 


Using  Sierpinsld's  carpet  and  a  random  percolating  network,  we  gen¬ 
erated  two  types  of  fractured  rock  systems  with  fractal  properties. 
We  then  simulated  hydraulic  well  tests  in  these  systems.  Both  the 
fractal  dimensions  and  the  "radial"  fractal  dimensions  of  the  systems 
were  calculated  using  Orbach's  (1986)  method.  The  latter  was  cal¬ 
culated  by  accounting  for  only  the  radial  component  of  the  conduc¬ 
tor.  Of  the  two,  we  found  that  the  radial  fractal  dimension  better 
describes  the  physical  processes  occuring  during  a  well  test  The 
results  from  the  well  tests  were  in  agreement  with  Barker’s  solution 
and  a  relationship  between  the  slope  of  the  pressure  response  curve 
and  the  radial  fractal  dimension  was  found.  This  relationship  is 
significant  because  it  could  lead  to  a  value  for  the  fractal  dimension 
of  rock  from  field  well  test  data.  This  field  fractal  dimension  could 
then  be  used  to  estimate  the  rock's  flow  geometry  and  flow  charac¬ 
teristics. 

T4.7/U10.7 

ANISOTROPIC  SCALING  OF  INTERFACES  IN  POROUS  MEDIA. 
Miguel  A.  Rubio,  Haverford  College,  Haverford,  PA, 
and  UNED,  Madrid,  Spain;  Andrew  Dougherr.y.  Haver¬ 
ford  College,  Haverford,  PA;  and  Jerry  P.  Gollub, 
Haverford  College,  Haverford,  PA,  and  University 
of  Pennsylvania,  Philadelphia,  PA. 

Two-fluid  immiscible  displacement  may  produce 
self-similar  fractal  interfaces,  often  described 
by  invasion  percolation  or  DLA  models,  for  certain 
ranges  of  the  relative  viscosities  and  wetting 
properties  of  the  fluids.  These  self-similar 
structures  have  the  same  scaling  behavior  in  all 
directions . 

Here  we  show  that  when  the  displacing  fluid  is 
more  viscous  and  more  efficient  in  wetting  the 
medium,  the  interfaces  are  self-affine  fractals, 
i.e.,  they  show  different  scaling  in  different  di¬ 
rections.  We  present  experimental  results  on  the 
interfaces  obtained  when  water  displaces  air  in  a 
thin  layer  of  glass  beads.  We  have  characterized 
the  interfaces  by  computing  their  roughness 
(r.m.s.  value  of  the  interfacial  width)  as  a  func¬ 
tion  of  length  scale.  The  roughness  shows  power- 
law  behavior  with  exponent  fi  -  0.73±0.03,  indepen¬ 
dent  of  the  control  parameter  (capillary  number, 
Ca) .  This  exponent  is  related  to  the  box  dimension 
2-fl,  and  the  divider  or  compass  dimension  1/fl. 
This  behavior  means  that  the  interfaces  are  self- 
affine  fractals  with  a  box  dimension  of  1.27. 

Supported  by  the  NSF  Low  Temperature  Physics 
Program  DMR-8503543.  M.A.R.  was  supported  in  part 
by  a  Fellowship  of  the  NATO  Scientific  Committee. 

T4.8/U10.8 

SIZING  AND  SCALING  REQUIREMENTS  OF  A  LARGE-SCALE  PHYSICAL 
MODEL  FOR  CODE  VALIDATION.  R,  Khaleel.  T.  LeGore,  and 
J.  D.  Hoover,  Westlnghouse  Hanford  Co.,  Richland,  WA. 

Post-closure  performance  assessment  and  the  associated 
application  of  mathematical  models  play  a  critical  role 
in  assessing  the  long-term  behavior  of  the  engineered 
and  natural  barriers  of  a  geologic  repository.  Although 
verification  and  benchmarking  constitute  an  Important 
part  of  determining  model  acceptability,  it  does  not 
establish  that  the  model  is  a  reasonable  approximation 
to  physical  realit>.  This  is  accomplished  in  the 
validation  step  in  which  model  calculations  are  compared 
with  data  from  controlled  experiments. 

Although  In-sltu  field  experiments  provide  useful  data, 
Information  needed  for  model  validation  cannot  be 
obtained  from  field  observations  alone  because  of  the 
Inherent  uncertainties  associated  with  the  natural  system. 
However,  physical  models,  when  properly  scaled, 
constructed,  and  instrumented  can  provide  the  necessary 
Information  for  validation  of  mathematical  models  and 
computer  codes,  and  can  overcome  many  of  the  uncertainties 
associated  with  large-scale  In-sltu  testing.  The 


relationships  between  measurement,  size,  scaling,  and 
discretization  (block  size)  used  in  a  numerical  model 
must  be  Incorporated  in  the  conceptualization  of  a 
physical  model.  Sizing  and  scaling  requirements  of  a 
large-scale  physical  model  for  hydrological  testing  are 
discussed.  The  justification  for  the  minimum  size  of  a 
physical  model  for  hydrological  testing  can  be  based  on 
the  nature  of  heterogeneities  introduced  into  the  model. 
Results  of  numerical  simulations  used  to  determine  the 
preliminary  size  requirements  of  a  porous  medium  model 
are  presented. 

T4. 9/010. 9 

PERFORMANCE  OF  CONCRETE  BARRIERS  IN  RADIOACTIVE  WASTE. 
DISPOSAL  IN  THE  UNSATURATEO  ZONE.  John  C.  Walton  and  Mark 
D.  Otis,  Idaho  National  Engineering  Laboratory,  P.O.  Box 
1625,  Idaho  Falls,  Idaho  83415 

Concrete  barriers  are  an  important  component  of  many  designs 
for  disposal  of  radioactive  waste  in  the  unsaturated  zone. 

In  order  to  evaluate  the  effectiveness  of  the  concrete 
barriers  performance  assessment  models  representing  the 
material  degradation  and  behavior  must  be  developed.  Models 
for  evaluation  of  fluid  flow  and  mass  transport  through 
concrete  barriers  located  in  the  unsaturated  zone  are 
presented.  Implications  of  the  use  of  impermeable  membranes 
in  barrier  design  are  discussed.  The  effectiveness  of  the 
concrete  is  shown  to  be  dependent  upon  effective  design. 
Concrete  of  highest  quality  may  not  always  be  desirable  for 
use  in  waste  disposal  vaults. 

T5.1 

CAPILLARY  CONDENSATION  ON  FRACTAL  SURFACES.  P  Pfeifer. 
3.  Kenntner,  Physics  Dept.,  University  of  Missouri,  Columbia,  MO  65203; 
and  M.W.  Cole,  Physics  Dept.,  Pennsylvania  State  University,  University 
Park,  PA  16802. 

We  extend  our  recent  investigation  of  the  Frenkel-Halsey-Hill  theory  of 
thick-film  adsorption  on  fractal  surfaces  [Phys.  Rev.  Lea  62, 1997  (1989)] 
to  include  the  effect  of  surface  tension.  The  competition  between  long-range 
gas-solid  interactions  and  surface  tension  leads  to  a  regime  where  the 
coverage  is  lower  than  on  a  planar  surface  (FHH  regime,  intermediate  film 
thicknesses)  and  a  regime  where  the  coverage  may  be  higher  than  on  a 
planar  surface  (capillary  condensation,  very  thick  films).  The  critical 
dimension  below  which  the  surface  may  adsorb  more  is  D  =  8/3.  It  leads  to 
the  surprising  result  that,  at  sufficiently  high  pressures,  capillary 
condensation  is  most  pronounced  when  the  fractal  dimension  is  low.  The 
effect  will  be  discussed  in  detail  and  will  be  applied  to  the  experimental  case 
of  nitrogen  adsorption  on  a  self-affine  silver  surface. 

T5.2 

CHARACTERIZATION  OF  THE  SURFACE  FRACTAL 
DIMENSION  AND  ROUGHNESS  OF  EVAPORATED  SILVER 
FILMS  VIA  ADSORPTION  ISOTHERM  MEASUREMENTS.’ 

J.  Krim.  V.  Panella  and  A.  Sarkissian,  Physics  Department, 
Northeastern  University,  Boston,  MA  02115 

Adsorption  studies  have  been  carried  out  for  a  variety  of  evapo¬ 
rated  silver  films  which  have  been  deposited  under  controlled  con¬ 
ditions  onto  the  surface  electrodes  of  a  quartz  crystal  microbal- 
ance.  These  studies  provide  (a)  an  immediate  determination  of 
whether  the  film  is  smooth  or  rough  and  (b)  if  rough,  an  indica¬ 
tion  of  pore  morphology  and  fractal  dimension.  Surface  structures 
ranging  from  amorphous  to  crystalline  to  self-affine  fractals  have 
been  observed.  In  general,  the  surface  area  increases  as  the  film 
thickness  increases.  Film  thickness  has  little  effect  however  on  the 


surface  fractal  dimension. 

’  Supported  by  NSF  and  PRF. 

T5.3 

HYDROGEN,  NEON  AND  NITROGEN  ADSORPTION  ISOTHERMS  ON 
POROUS  VYQOR  GLASS.  *  TL_  EL  Hubert  and  C.  A.  Huber*, 
University  of  Puerto  Rico,  Rio  Piedras,  PR  00931 . 

The  fractal  properties  of  porous  Vycor  glass  have  been 
under  seme  debate  recently  and  the  experimental 
determination  of  its  surface  area  frem  the  adsorption 
isotherms  for  simple  adsorbates  is  of  current  interest. 

We  have  measured  the  adsorption  isotherms  of  H2,  D2  and 
Ne  in  the  temperature  range  from  15  to  77K  in  samples  of 
porous  Vycor  glass.  N2,  at  77  K  and  114  K,  was  also 
studied.  The  B.E.T  model  gives  surface  areas  that  are 
temperature  dependent  for  all  the  gases  studied.  Tto 
understand  this  problem  we  have  used  the  adsorption 
isotherm  data  to  generate  a  thermodynamic 
characterisation  in  the  region  of  temperature  and 
pressure  covered.  We  obtain  that  a  wide  distribution  of 
adsorption  energies  is  necessary  to  explain  the  data.  A 
model- independent  adsorption  isotherm  is  discussed  which 
allows  fitting  of  the  data  at  all  tenperatures.  Based  cn 
this  model  we  discuss  the  scaling  of  the  adsorption 
energy  distribution  function  with  molecular  size  and 
mass. 

*  Work  supported  by  NSF-EPSCoR. 

#  Present  address;  Department  of  Physics,  Harvard 
University,  Cambridge,  MA  02138. 

+  Present  address:  Francis  Bitter  National  Magnet 
Laboratory,  M.I.T. ,  Cambridge,  MA  02139. 

T5.4  ABSTRACT  WITHDRAWN 
T5.5 

SMALL  ANGLE  X-RAY  SCATTERING  APPLIED  TO 
INVESTIGATE  THE  FRACTAL  PROPERTIES  OF  COAL  AND 
OTHER  POROUS  CARBON-BASED  MATERIALS.  M.  Reich,  S. 
Russo,  I.  K.  Snook  and  H.  K.  Waoenfeld.  Royal 
Melbourne  Institute  of  Technology,  Melbourne,  VIC, 
AUSTRALIA 


We  use  the  Bale-Schmidt  theory  for  the  intensity 
of  X-rays  scattered  through  small  angles  (SAXS)  by 
a  porous  solid  with  a  fractal  surface  in 
conjunction  with  experimental  SAXS  data  to 
estimate  the  surface  fractal  dimension,  D  of  a 
wide  range  of  porous,  carbon  based  solids.  The 
measured  values  of  D  vary  over  virtually  the  whole 
theoretically  allowable  range. 

Further,  we  show  that  for  a  brown  coal  sample 
heated  under  nitrogen  both  the  fractal  dimension 
and  extent  of  the  surface  are  a  function  of  the 
temperature.  Below  about  350°C  the  pore  fractal 
dimension,  D  is  2.80  indicating  a  very  convoluted 
surface  whilst  above  350°C  the  surface  is  becoming 
smooth,  D=2.0. 

T5.6 

SMALL  ANGLt  x-ray  and  neutron  SCATTERING  FROM  A 
FRACTAL  DIFFUSION  FRONT  Michel  and  Bernard 

Sapoval,  Laboratoire  de  Physique  ae  la  Matiere 
Condens6e,  Ecole  Polytechnique,  91128  Paiaiseau, 
France . 


We  have  computed  the  small-angle  scattering  from 
simulated  three  dimensional  (3D)  diffusion  fronts. 
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In  3D,  the  diffusion  front  (1)  extends  over  a 
large  concentration  region  over  which  it  exhibits 
two  different  fractal  behaviors.  In  a  high 
concentration  region,  the  front  is  a  dense  object 
with  dimension  3.  It  behaves  as  an  ordinary  solid, 
but  each  of  its  points  belongs  to  its  surface.  In 
the  vicinity  of  a  critical  concentration  pc,  which 
is  a  percolation  threshold,  the  front  is  a  more 
dilute  object,  with  a  fractal  dimension  2.5. 

Depending  on  whether  the  sample  has  its 
concentration  restricted  to  the  critical 
percolation  region  (with  D-2.5),  or  extends  over  a 
broader  concentration  region  we  observe  a  mass 
fractal  or  a  surface  fractal  behavior.  This 
behavior  is  found  for  values  of  the  wave  vector  q 
depending  on  the  concentration  gradient  at  pc . 

The  interest  of  this  exact  calculation  on  a 
realistic  model  is  to  permit  a  quantitative 
analysis  of  experimental  small  angle  scattering 
from  various  non  homogeneous  systems. 


(1)  M.  ROSSO,  J.F.  GOUYET  and  B.  SAPOVAL,  Phys . 

Rev.  Lett . ,  52,  3195  (1986)  and  J.-F.  GOUYET,  M. 
ROSSO  and  B.  SAPOVAL,  Phys.  Rev.  £22,  1832  (1988) 

T6.1 

THE  GROWTH  OF  SELF-AFFINE  FRACTAL  SURFACES. 

Paul  Meakm,  E.  I.  du  Pont  de  Nemours  and  Company, 
Wilmington,  DE 

Simple  models  for  growth  and  deposition  lead  to  the 
formation  of  dense  structures  with  rough  surfaces 
that  can  be  described  in  terms  of  self-affine  fractal 
geometry.  The  growth  of  the  surface  roughness  is 
characterized  by  two  correlation  lengths  (IMi  and  E±). 

The  correlation  length  $j_  corresponds  to  the  surface 
width  and  grow  according  to 

U  “tP 

where  t  is  time.  The  correlation  length  describes 
the  lateral  distance  over  which  fluctuations  in  the 
surface  height  persist  and  it  grows  according  to 

4||  -  tP'«  ~  t1/z 

where  a  is  the  Hurst  exponent.  The  results  of  recent 
simulations  and  theoretical  work  for  ballistic 
deposition  at  grazing  incidence  (8-h»k/2  where  0  is 
the  angle  of  incidence)  onto  both  a  line  and  a  plane 
will  be  described.  In  both  cases  the  deposition 
process  onto  a  ds  dimensional  substrate  can  be 
mapped  onto  the  coalescence  of  (ds*  1 )  dimensional 
objects  and  exact  values  for  the  exponents  a  and  p  in 
the  limit  0-»n/2  can  be  obtained. 

Results  from  spatially  correlated  ballistic 
deposition  simulations  with  and  without 
restructuring  (transfer  of  the  deposited  particle  to 
the  nearest  local  minimum)  will  be  presented. 

T6.2 

Pattern  Forum  lion  and  Characterization  for  Biological 
Malarial*.  Charle*  T)ioini>*on  and  Kaviia  Chandra. 
Department  of  Electrical  Engineering.  LaWaion  for  Advanced 
(  oiupuiaiioii  ITiivor'ity  of  Low <11.  Lowell.  Ml 

Tlif  problem  of  precipitate  patterning  in  the  formation  of  a  porou* 
hiologiral  material'-  i-  con*idcrcd.  In  particular,  we  examine  the 
temporal  and  spatial  pattern*  generated  hy  cellular  calcification  via 
an  autocatalytic  procev.  Preliminary  result*  of  a  nonlinear  model 


describing  the  self-organization  and  pattern  formation  will  be 
presented. 

The  relationship  between  cluster  and  pore  size  and  on 
characterization  of  the  fractal  dimension  will  be  addressed.  The 
implication  of  the  results  to  the  application  of  textural  analysis  of 
porous  biological  materials  using  image-processing  techniques  will 
be  discussed. 

[  Work  supported  by  Analog  Device*  Professorship  ) 

T6 . 3  ABSTRACT  WITHDRAWN 


T6.4 

FRACTAL  DIMENSION  OF  NATURAL  POLYMERS.  ]/»,','?  Pjscitelle 
areJ  Ronald  Segars,  U.S.  Army  Natick  Research,  Development 
and  Engineering  Center,  Natick,  Massachusetts  01760-5020 

The  fractal  diroznsicn  of  powders  obtained  from  the  natural 
polynmr  Qiitosan  is  shown  to  be  dependent  on  both 
processing  tenperature  and  source  (shrinp  vs.  crab) . 
Measurement  of  the  fractal  dimension,  thus,  provides  a 
nears  of  characterizing  Qiitosan  products.  When  ccupled 
with  other  measurements ,  this  parameter  may  prove  useful 
in  optimizing  the  functionality  of  Qiitosan  derivatives. 

Obtaining  uniform  particle  size  distributions  having 
different  group  means,  or  at  least,  aoairately  measuring 
the  particle  size  distribution  within  a  given  group,  is  a 
difficult  arri  critical  step  in  determining  the  fractal 
iiaansion  of  a  powder.  Sieving,  which  was  used  in  this 
study,  mey  allow  mxh  larger  particles  to  exist  within  a 
group  if  seme  of  the  particles  are  plate-like.  If 
electrostatic  farces  occur,  fines  may  attach  to  larger 
particles  arri  fail  to  pass  through  the  sieve  vhoee  mesh 
size  is  used  to  define  the  smallest  particles  within  the 
group.  Particle  size  distribution  and  even  the  mean  value 
will  be  quite  different  ftrem  the  values  calculated  from 
the  mesh  size  of  the  sieves.  These  factors  are  shewn  to 
affect  ths  determination  of  the  fractal  dimension. 
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T6.5 


T7.2 


FRACTAL  VS.  SUB- FRACTAL:  CLOUD  RADIANCE  AND  OCEAN 
SURFACE  DATA.  Patricia  H.  Carter  and  Robert  Cawley. 

NSUC,  Silver  Spring,  MD. 

The  graph  of  a  function  or  random  process  has  a  dimension 
that  can  be  measured.  • *  In  the  case  of  a  random  process 
the  dimension  is  typically  fractal,  but  many  nonfractal 
graphs  also  give  a  measured  dimension  larger  than  one. 
Hence,  to  implement  a  fractal  characterization  of 
experimental  data  it  is  desirable  to  be  able  to 
distinguish  these  possibilities.  Previous  experimental 
studies  of  infrared  cloud  radiance  data  have  been 
consistent  with  a  fractal  hypothesis  on  the  graphs  of 
radiance  against  angle.  The  sub-fractal  possibility, 
that  the  radiance  function  is  differentiable  but  its 
derivative  is  not  can  be  investigated  by  an  analysis 
using  measurement  of  a  power  law  index  of  the  amplitude 
spectrum.  Results  of  analysis  of  infrared  cloud  data  and 
ocean  surface  shape  data  will  be  presented  indicating 
presence  of  fractal  vs.  sub- fractal  characteristics. 

1.  Charles  Adler,  Patricia  H.  Carter  and  Robert  Cawley, 
"A  comparison  of  the  fractal  dimensions  of  cloud  radiance 
graphs  for  two  infrared  color  bands , *  in  Physics  of  phase 
space .  Y.  S.  Kim  and  W.  W.  Zachary,  eds,  Springer,  L.  N. 
Physics  No.  278,  1987,  p.45. 

2.  Patricia  H.  Carter  and  Robert  Cawley,  "Fractal 
characterization  of  infrared  cloud  radiance,”  in  Fractal 
aspects  of  Materials.  MRS  fall  meeting  proceedings,  1987. 

T6.6 


STEADY-STATE  REACTIONS  ON  FRACTALS:  RATE  LAWS 
AND  SELF-ORGANIZATION.  Eric  Clement  and  Raoul 
Kopelman,  Department  of  Chemistry,  The  University  of 
Michigan,  Ann  Arbor,  MI  48109-1055;  and  Leonard  M.  Sander, 
Department  of  Physics,  The  University  of  Michigan,  Ann  Arbor, 
MI  48109-1120. 

The  A  +  B-»0,  AiA-tO  and  A  +  T  T  (trapping)  reactions 
are  studied  in  fractal  and  Euclidean  dimensions.  Non-classical 
global  rate-laws,  particle  distributions  and  critical  dimensions 
are  obtained.  The  reaction  orders  (exponents)  depend  on  the 
type  of  reaction,  the  source  term  structure,  the  conservation 
laws  and  the  dimensionality.  Macroscopic,  mesoscopic  or 
microscopic  self-ordering  is  observed,  depending  on  the 
combination  of  the  above  specifications.  The  theoretical 
analyses  are  compared  with  Monte-Carlo  simulations. 

T7.3 

EXCITATION  TIME  MODULATION  STUDIES  OF  MOLECU¬ 
LAR  AGGREGATES  IN  DOPED  POLYMERS.  Zhong-You  Shi, 
Irene  E.  Newhouse  and  Raoul  Kopelman,  Department  of 
Chemistry,  The  University  of  Michigan,  Ann  Arbor,  MI  48109- 
1055. 

Steady  state  vs.  pulsed  excitation  decay  kinetics  were  obtained 
for  naphthalene  doped  PMMA  (plexiglass).  The  triplet  fusion 
kinetics  for  dilute  samples  depend  drastically  on  the  initial 
excitation  kinetics.  While  the  initial  exciton  densities  are  equal 
in  both  cases,  the  density  distributions  differ.  The  application  of 
this  technique  to  the  6tudy  of  heterogeneous  samples  is  aided  bv 
model  computer  simulations  on  percolation  clusters  and  fractal¬ 
like  aggregates. 


FRACTAL  CHARACTERIZATION  OF  POROUS  SILICA 
GELS  BV  GPC.  Houqiang  Li.  Ying  Li,  and  Huaming  Zhau.  De¬ 
partment  of  Chemistry,  Sichuan  University,  Chengdu  600064,  The 
Peoples  Republic  of  China. 

Porous  Media  play  an  important  role  in  many  fields  such  as  oil  re¬ 
covery.  heterogeneous  catalysts  and  Chromatography.  The  Char¬ 
acterization  of  porous  silica  gets  (PSG)  is  of  central  importance  in 
gel  Chromatographic  technique  because  of  involving  in  separating 
polymers  in  laboratory.  It  has  recently  been  shown  that  the  PSG 
are  statistically  fractals.  Wc  have  determined  the  fractal  dimension 
of  a  series  of  porous  silica  gels  by  GPC. 

T7.1 

A  NEW  TECHNIQUE  TO  DIFFERENTIATE  BETWEEN 
GEMINATE  AND  NONGEMINATE  RECOMBINATION  OF 
EXCITONS  IN  DISORDERED  MEDIA.  Jagdish  Prasad  and 
Raoul  Kopelman,  Department  of  Chemistry,  The  University  of 
Michigan,  Ann  Arbor,  MI  48109-1055. 

Geminate  formation  and  recombination  of  triplet  exci tons  in  2,3- 
benzocarbazole/tetracene  has  been  studied  using  a  dynamic 
technique  (pulse  vs.  steady  state  excitation).  In  tetracene,  the 
mode  of  decay  of  the  first  excited  singlet  state  is  by  fission  (1) 
into  two  neighboring  triplet  excitons  that  can  undergo  geminate 
recombination.  We  monitored  the  geminate  exciton 
recombination  via  delayed  fluorescence  using  steady  state  and 
pulsed  excitations.  The  decay  rates  for  the  2,3- 
Denzocarbazole/tetracene  samples  were  than  compared  with  the 
decay  rates  for  nongeminate  recombination  in  naphthalene 
samples.  We  find  that  the  geminate  recombination  decay  rates 
do  not  depend  on  the  duration  of  the  excitation  (pulse  length). 
For  nongeminate  recombination  the  decay  rates  ao  depend  on 
the  pulse  length.  Our  work  provides  a  new,  dynamic  technique 
to  differentiate  between  geminate  and  nor^eminate 
recombination  of  excitons.  We  expect  similar  effects  for 
electron-hole  and  soliton  recombinations. 

1.  S.  Arnold,  R.  R.  Alfano,  M.  Pope,  W.  Yu,  P.  Ho,  R.  Selsby,  J. 
Tharrats  and  C.  E.  Swenberg,  J.  Chem.  Phys.  M.  5104 
(1976). 


T7.4 

PULSED  VS.  STEADY-STATE  EXCITON  RECOMBINATION 
KINETICS:  EXPERIMENTS  AND  SIMULATIONS  ON 

PORES,  POWDERS  AND  RANDOM  MEDIA.  Stephen  J.  Parus, 
Zhong-You  Shi  and  Raoul  Kopelman,  Department  of  Chemistry, 
The  University  of  Michigan,  Ann  Arbor,  MI  48109-1055. 

The  non-classical  kinetics  of  exciton  recombination  in  restricted 
geometries  provides  the  foundation  for  a  new  experimental 
technique  of  probing  the  exciton  dynamics  and  the  sample 
topology.  The  phosphorescence  and  delayed  fluorescence  decays 
exhibit  a  dramatic  dependence  on  the  duration  of  the  excitation. 
The  comparison  of  pulsed  and  steady-state  excitation  provides 
information  on  the  local  topology  of  the  sample  and  on  the 
average  hopping  time  of  the  exciton  and  the  exciton  diffusion 
length.  This  is  possible  because  the  distribution  of  the  exciton 
population  is  non-Poissonian  under  6teady-state  excitation 
conditions.  In  addition,  the  pulse-created  distribution  also 
looses  its  Poissonian  character  with  time.  The  experiments 
systems  are:  1)  Isotopic  mixed  naphthalene  crystals  above  and 
below  percolation;  2)  Naphthalene  crystalline  powder;  3) 
Naphthalene  embedded  into  porous  glass.  Except  for  the  mixed 
crystals  above  the  percolation  concentration,  all  samples  exhibit 
the  non-classical  effects  tjmical  of  fractal-like  topologies.  The 
interpretation  is  aided  by  Monte-Carlo  simulations. 

T"7.5 

REACTANT  TRAPPING  AND  STEADY-STATE  SELF¬ 
ORDERING  ON  FRACTALS.  Lola  W.  Anacker  and  Raoul 
Kopelman,  Department  of  Chemistry,  The  University  ol 
Michigan,  Ann  Arbor,  Ml  48109-1055. 

Supercomputer  simulations  (at  the  John  von  Neumaim  Center) 
of  steady-state  trapping  reactions  (A  +  T  — »  T)  on  a  Sierpinski 
gasket  (9843  sites)  show  both  self-ordering  tl]  and  anomalous 
(non-classical)  reaction  kinetics  [2].  The  reactants  aggregate  in 
the  trap-free  regions.  This  is  similar  to  the  behavior  in  one  but 
not  in  three  dimensions.  The  rate  law  exhibits  an  anomalous 
order:  Y  -  2/d,  where  d,  is  the  spectral  (fracton,  recurrence) 
dimension  and  Y  is  the  trap-density  exponent  However,  the 
reactnat-density  exponent  is  classical  (X  =  1).  We  note  that  the 
overall  order  (X  +  Y)  is  the  same  as  that  of  the  A  +  A  reaction 
[2]. 
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1.  L.  W.  Anacker  and  R.  Kopelman,  Phys.  Rev.  Lett.  289 

(1987). 

2.  L.  W.  Anacker,  R.  P.  Parson  and  R.  Kopelman,  J.  Phys. 
Chem.  fig,  4758(1985). 

T7.6 

Hydrodyurtuiir  Instability  in  Crystal  Melts.  Clihric- 
i  ijniiip'on  and  \  iiicet  Melita.  Depart mein  of  Eirrtriral 
Eii^iii^rrjtj^.  Lalioraiory  of  A<ivan<*«‘<!  (  omjmtatmn.  I'niversjtv  of 
Lout')}.  Lowell.  Ma 


Tin  hydrodynamic  stability  of  semirondurior  melt**  is  considered, 
special  attention  is  paid  to  the-  C/ochralski  growth  configuration. 
The  parameter  ranj*«*  in  which  the  inch  is  unstable  to  three- 
dimensional  disturbances  b  addressed.  The  temporal  and  spatial 
characteristics  oi  the  fluid  velocity  and  temperature  are  obtained.  It 
is  shown  the  that  at  high  crystal  rotation  rates  that  linearly 
unstable  disturbances  propagate  as  three-  dimensional  waves 
confined  to  the  boundary-layer  at  the  liquid-solid  interface.  The 
relationship  between  the  aforementioned  flow  characteristics  and 
crystal  morphology  will  be  examined. 

Tiie  effect  of  finite  amplitude  disturbances  are  also  investigated. 
The  results  of  an  nonlinear  stability  analysis  as  well  as  the 
parametric  dependence  on  bifurcation  from  the  linearly  unstable 
state  will  be  presented. 

Work  supported  by  Analog  Devices  Professorship  ] 

T7.7 

GROWTH  KINETICS  IN  A  COAGULATION- -FRAGMENTATION 
SYSTEM  *  I man.  M.  Elminyami  and  C.M.  Sorensen 
Department  of  Physics,  Kansas  State  University, 

Manhattan,  KS  66506. 


We  have  numerically  solved  the  Smoluchowski  rate 
equation  which  included  both  coagulation  and  fragmen¬ 
tation  kernels.  A  variety  of  kernels  were  used  with 
different  homogeneit ies .  The  mean  aggregate  size  and 
number  of  clusters  were  found  to  evolve  to  equilibrium 
values  in  a  characteristic  time  all  dependent  on  the 
kernel  homogeneities.  During  the  evolutionary  or  non¬ 
equilibrium  time  regimes,  the  particle  size  distribu¬ 
tion  was  found  to  exhibit  scaling.  These  results 
confirm  predictions  made  in  reference  1. 

♦Supported  by  NSF  Grant  CBT8709622. 

1.  C.M,  Sorensen,  H.X.  Zhang,  and  T.W.  Taylor,  Phys. 

Rev.  Lett.  363  (1987). 

T7.8 

ROLE  OF  AGGREGATION  IN  THE  FORMATION  OF  COLLOIDAL 
GOLD  PARTICLES*.  Jun  Liu.  M.  Sarikaya,  W.  Y.  Shih,  W.  H.  Shih, 
and  I.  A.  Aksay,  Department  ot  Materials  Science  and  Engineering  and 
Advanced  Materials  Program,  Washington  Technology  Center.University 
ot  Washington,  Seattle,  WA  98195 

Formation  of  gold  particles  in  colloidal  solutions  is  studied.  The  gold 
particles  are  produced  by  reducing  gold  chloride  with  sodium  citrate  in 
water,  and  the  process  is  studied  at  different  stages  by  transmission 
electron  microscopy.  It  is  found  that  this  process  is  very  different  from 
that  of  the  classical  nucleation  and  growth.  As  soon  as  the  nuclei 
(about  2  nm)  appear  In  the  solution,  they  begin  to  aggregate.  The 
aggregates  grow  to  very  large  size  (up  to  0.2  pm)  and  the  fractal 
dimension  increases  with  time.  At  later  times,  the  aggregates  break  up 
into  particles  of  smaller  sizes.  After  a  longer  time,  all  the 
particles  reach  the  same  size  (about  I5nm  In  diameter).  The 


aggregation  at  early  stages  is  due  to  van  der  Waals  attraction 
between  the  particles.  As  the  reaction  progresses,  the  amount  of  charge 
on  the  particle  surfaces,  which  is  due  to  citrate  adsorption 
increases  and  hence  the  total  Coulomb  energy  of  the  system  increases. 
When  the  Coulomb  energy  is  large  enough,  the  clusters  break  up.  This  is 
evidenced  by  the  zeta  potential  measurements,  which  indicate  that 
the  charge  on  the  particle  surface  gradually  increases  as  the  reaction 
proceeds.  The  size  of  the  particles  can  be  determined  by  minimizing 
the  total  interfacial  energy  of  the  system,  which  is  the  sum  of  the 
gold-water  interfacial  tension  and  the  Coulomb  energy.  As  a  result, 
the  particle  size  R  is  related  to  the  citrate  concentration  C  by  the 
relation  R  _  C0  66,  which  is  in  excellent  agreement  with  experiments1. 

*  This  work  is  supported  by  AFOSR/DARPA  under  Contract  No 
AFOSR-87-0114. 

1.  Goodman  et  al,  J.  Microscopy.  Vol.  123,  Pt  2,  201  (1981). 

T7.9 

THE  EFFECT  OF  AGGREGATION  ON  COLLOID  CATA¬ 
LYSTS.  J  R.  Melrose,  The  Blackett  Laboratory,  Imperial  College, 
Prince  Consort  Road,  London  SW7  2BZ. 

Theoretical  models  for  the  large  time  effects  of  aggregation  on  the 
catalytic  properties  of  metal  colloids  are  developed  within  the 
framework  of  the  electrochemical  theory  of  the  catalytic  mechanism 
and  recently  proposed  models  for  the  extremes  of  cluster  aggre¬ 
gation.  In  the  case  of  fast  aggregation  of  the  colloid  catalyst,  the 
catalytic  rate  is  generally  predicted  to  decreases  as  a  power  law  of 
time.  In  the  case  of  slow  aggregation  catalytic  rates  are  predicted 
to  have  an  exponential  decrease  with  time.  One  exceptional  case 
gives  a  catalytic  rate  increasing  with  aggregation.  Polydispersity 
could  be  important  in  the  case  of  slow  aggregations. 

T7.10 

MULTIPLE  SCATTERING  IN  POWER-LAW  CORRELATED 
MEDIA.  I.R.  Melrose.  D.  Sherrington, The  Blackett  Laboratory, 
Imperial  College,  Prince  Consort  Road,  London  SE7  2BZ,  UK;  S. 
Sarker,  RSRE  Gt  Malvern,  Worcs.  U.K. 

An  analysis  is  made  of  multiple  scattering  in  random  media  with 
power  law  correlations.  In  the  leading  approximation  to  Dysons 
equation  solutions  Tor  the  frequency  dependent  attenuation  and 
phase  velocity  arc  presented.  These  are  discussed  in  the  context  of 
possible  applications  to  seismology.  Intensity  effects  will  be  dis¬ 
cussed  via  the  ladder  approximation  to  the  Bethe-Salpeter  equation. 

T7.U 

SMALL-ANGLE  X-RAY  SCATTERING  STUDIES  OF  BONE 
POROSITY*.  Paul  W.  Schmidt1*',  David  Avnid'’',  Annin  R<>I1<*>,  and 
David  Nelson(,).  (a)  Physics  Department,  University  of  Missouri, 
Columbia,  MO  65211.  (b)  Dept,  of  Organic  Chemistry,  the  Hebrew 
University  of  Jerusalem,  Jerusalem  91904,  Israel. 

The  pores  in  normal  and  diseased  bones  have  been  studied  by  small-angle 
x-ray  scattering.  The  scattering  date  give  information  about  the  structure 
on  a  scale  from  about  10  to  1,000  A.  Scattering  data  have  been  obtained 
both  for  the  outer  (cortical)  and  the  less  dense  inner  (trabecular)  regions  of 
the  bones.  Neutron  scattering  curves  have  been  recorded  in  order  to 
supplement  the  x-ray  data.  The  scattering  curves  from  the  bone  samples 
have  been  compared  with  the  results  from  amorphous  calcium  phosphate 
samples  prepared  in  the  laboratory. 

•Acknowledgement  is  made  u>  the  Donors  of  the  Petroleum  Research  Fund, 
administered  by  the  American  Chemical  Society,  for  support  of  this  work. 
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T7. 12 

SMALL-ANGLE  X-RAY  SCATTERING  FROM  THE  SURFACES  OF 
REVERSED-PHASE  SILICAS:  POWER-LAW-SCATTERING  EXPO¬ 
NENTS  OF  MAGNITUDES  GREATER  THAN  FOUR*.  Paul  W. 
Schmidr*',  David  Levy  (b\  Axel  Hohri**,  and  David  Avnir(b>.  (a)  Physics 
Department,  University  of  Missouri,  Columbia,  MO  65211.  (b)  Dept,  of 
Organic  Chemistry,  the  Hebrew  University  of  Jerusalem,  Jerusalem 
91904,  Israel. 

Small-angle  x-ray  scattering  has  been  used  to  investigate  the  pore  structure 
in  fully  and  partially  denvatized  silicas  on  a  scale  from  about  10  to  1,000 
A.  In  the  derivatizing  process,  hydrocarbon  chains  were  deposited  on  the 
pore  surfaces  of  the  silicas.  There  were  hydrocarbon  chains  on  all 
available  sites  in  the  commercial  fully  denvatized  silicas .  Silicas  in  which 
hydrocarbon  chains  were  attached  to  different  fractions  of  the  available 
sites  also  were  examined. 

When  »  1,  where  \  is  the  average  pore  size,  q  =  4nX''sin(6/2),  X 
is  the  wavelength,  and  6  is  the  scattering  angle,  the  scattering  intensity 
was  proportional  to  q'“.  The  power-law-scattering  exponent  a  was 
greater  than  4. 

The  value  of  a  depends  on  the  form  of  the  density  change  at  the  pore 
boundary.  For  a  smooth  pore  boundary,  in  which  the  density  undergoes 
a  finite  discontinuity  from  a  value  of  zero  in  the  pore  to  an  essentially 
constant  value  in  the  body  of  the  silica,  a  =  4.  When  the  pore  boundary 
is  fractal,  a  <  4.  The  density  transition  in  the  denvatized  silicas  has  been 
approximated  by  assuming  that  if  x  is  the  perpendicular  distance  into  the 
silica  from  the  pore  surface,  the  density  in  the  neighborhood  of  the  pore 
boundary  is  proportional  to  xe,  with  0  <  (1  £  1.  Calculations  show  that  in 
this  case  a  =  4  +  2p. 

•Acknowledgement  is  made  to  the  Donors  of  the  Petroleum  Research  Fund, 
administered  by  the  Amencan  Chemical  Society,  for  support  of  this  work. 

T7.13 

FRACTAL  DEGRADATION  OF  RADIATED  MACROMOL- 
EC  ULES.  Houghing  Li,  "I  ing  Li  and  Huaming  Zhao,  Department 
of  Chemistry,  Sichuan  University,  Changdu  610064,  The  People's 
Republic  of  China, 

The  degradation  of  the  macromolccules  radiated  bv  the  ray  with 
high  energy  is  an  interesting  phenomena  whose  studv  is  of  great 
theoretical  and  practical  importance.  Based  on  the  facts  of  exper¬ 
iment.  the  relation  between  the  degree  of  degradation  and  radiation 
dose  is  given  by  and  empirical  formula,  however,  up  till  now  it  has 
not  been  derived  from  theory.  How  to  calculate  it  has  been  the  fo¬ 
cus  of  attention  for  some  time.  These  questions  arc  discussed  bv 
using  the  fractal  theory  in  this  paper. 

T7 , 14 

MULTI  FRACTAL  FEATURES  OF  THE  FRACTAL  AGGREGATES 
AT  DIFFERENT  STAGES,  L. J . Huang , B . X . Liu* , J . R . 

Ding  and  H-D.Li,  Department  of  Materials  Science 
and  Engineering , Tsinghua  University . Beij ing  100084 
CHINA.  *Also  at  Center  of  Condensed  Matter  and 
Radiation  Physics,  CCAST  (World  Lab,),  Beijing. 

Multifractal  measure  was  employed  to  characterize 
the  fractal  aggregates  of  the  iron  oxide 
microspheres  at  different  stages  in  thin  amorphous 
films.  It  was  found  that  these  magnetic  micro- 
spheres  were  initially  open  and  stringy  with  a 
dimension  of  D=1.35*0.05.  While  the  aggregates 
were  subject  to  long  term  storage  at  ambient  tem¬ 
perature,  all  the  key  parameters  of  the  geometri¬ 
cal  features  of  the  aggregates,  e.g.  the  leading 
singularities,  the  singularities  of  the  scaling 
at  the  invaginated  regions  and  the  generalized 
dimensions,  changed  with  time  elapsed.  The  results 
also  showed  that  the  aggregates  kept  self-simi¬ 
larity,  although  the  screening  during  evolution 
was  supressed  by  the  solid  state  difussion.  We 
present  the  detailed  dynamic  evolution  of  these 


parameters  obtained  from  multifractal  measure  and 
the  thermal  stability  of  the  fractal  aggregates. 

T7.15 

COMPSOSED  RECURRUNT  SETS.  Wen  Z.  Y.  Li  J.  N 
and  Wang  H.  F,  Department  of  Math.,  Wuhan  Univ., 
Wuhan,  P.  R.  China. 

In  this  paper,  we  introduced  the  composed  recurrent  sets  us¬ 
ing  a  more  general  method  than  Dekking's,  thus  got  a  large 
amount  of  new  fractals. 

If  one  gives  two  substitutions  0,,  d2  over  an  alphabet  A,  let 
X  =  {  0,,  02),  and  suppose  i  is  a  substitution  over  £,  R  the 
mirror  image  of  £,  then  R(x°(0,))  is  a  composed  substituion 
over  A.  Under  certain  conditions,  for  a  given  word  w  over  A, 
we  can  associate  each  word  (R(r”(0,)(w)  with  a  compact 
subset  K„  of  Rd  by  the  similar  method  of  Dekking.  We 
proved  that  Kn  converges  to  a  compact  subset  K  in 
Hausdorff  metric  and  we  obtain  an  estimation  of  the 
Hausdorff  dimension  of  K  which  extends  the  results  of  Dek¬ 
king  and  Bedford. 

By  this  method  we  can  obtain  the  fractal  sets  with  several  dif¬ 
ferent  scaling  transformations.  We  can  use  this  result  to  dis¬ 
cuss  the  problems  of  quasicrystals  and  disorder  systems. 

T7.16 

VISCOUS  FINGERING  ON  2D  LATTICE  MODELS  NEAR  THE 
PERCOLATION  THRESHOLD.  U.  Oxaal.  F.  Boger.  J.  Feder  and 
T.  Jossang.  Department  of  Physics.  University  of  Oslo.  Norway. 

Experiments  with  immiscible  fluid-fluid  displacement  in  two- 
dimensional  porous  models  have  been  performed  on  geometrically 
well  characterized  models.  By  a  photoetching  technique  we  produce 
two-dimensional  models  of  uniform  pores  on  the  nodes  of  a  square 
lattice.  The  bonds  connecting  nearest  neighbors  are  randomly  given 
one  of  two  permeabilities,  k  and  R  •  k,  their  ratio  is  kept  fixed  at 
R  =  10'T  The  model  is  filled  with  a  Newtonian  high-viscosity 
fluid.  This  fluid  is  then  displaced  by  centrally  injecting  air  at  con¬ 
stant  pressure  while  allowing  the  viscous  fluid  to  escape  at  the  outer 
boundaries  of  the  model.  The  resulting  displacement  patterns  are 
photographed,  digitized,  analyzed  and  compared  with  the  scaling 
predictions: 

\!(L)~  LDlF(L/(,.L/LR),  with  Z)2  =  1.3 
of  Mcakin  et  al.  [1], 

[1]  P.  Meakin.  M.  Murat.  A.  Aharony,  J.  Feder  and  T.  Jessang. 
Diffusion-limited  aggregation  near  the  percolation  threshold.  Physica 
A  155.1-20  (19S9) 

T7 . 17 

THE  FRACTAL  DIMENSION  OF  PERCOLATION  CLUSTERS. 

— — — — AKUEZUE ,  and  J,  STRINGER,  Electric  power 
research  Institute , Palo  Alto,  California  94303. 

A  Monte  Carlo  method  is  used  to  simulate  a 
site  percolation  problem  on  a  2-dimensional 
square  lattice.  The  variations  of  the  radius 
of  gyration's  exponent  ,p,  with  the 
concentration,  p  ,  is  studied  in  detail  using 
two  methods:  a  new  simulation  calculation  method 
ana  the  classical  series  proceedure  based 
primarily  on  the  Martin's  cluster  enumeration 
algorithm.  For  the  first  time,  the  statistics  of 
clusters  up  to  the  size  16  were  studied  in 
aseries  calculation. 
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The  new  computer  simulation  calculations 
indicate  p  is  not  a  constant  below  or  above  p 
.  Also  the  series  calculations  show  that  $ 
is  not  constant  at  or  below  p  and  in  the 
vicinity  of  p^  ,  p  scales  with  p.  Application 
of  the  new  computer  simulation  calculation  in 
estimating  the  fractal  dimension  of  irregular 
coal  agglomerated  particles  is  also  discussed. 

T7.18 

FRACTALS  AND  DIFFUSION  PROCESS.  Hanna  Ncncka. 
63-200  .larocin  Pozn.,  woj.  K aliskie,  Sportowa  2/12,  Poland. 

Proof  of  an  existcnse  of: 

1.  fractals  with  the  same  Hausdorff  dimensions  and  different 
spectral  dimensions  (d'H  =  d},d]  ^  d-) 

2.  fractals  with  the  different  Hausdorff  dimensions  hut  the  same 
spectral  dimensions  (dj,  ^  df,d]  =  d}) 

is  presented.  The  relationships  between  the  space  Ax  and  time  At 
increments  of  a  diffusion  for  this  class  of  fractals  are  considered. 
The  diffusion  problems  for  the  trcc-like  fractals  are  examined  as 
well. 

T7 . 19 

LACUNARITY  OF  FRACTAL  AGGREGATES.  C.  Allaic.  M.  Cloitre. 
Lab  FAST.  Bat.  502,  Campus  Universitaire,  91A05  Orsay  Cedex 
FRANCE. 

The  lacunarity  parameter  has  been  introduced  recently  to 
characterize  to  what  extent  a  fractal  set  is  not 
translationnally  invariant.  Unfortunately,  the  definitions 
available  up  to  now  in  the  litterature  lead  to  serious 
inconsistencies  in  the  case  of  deterministic  sets  and  they 
cannot  be  generalized  to  non  deterministic  objects  such  as 
fractal  aggregates.  In  view  of  this,  we  propose  a  new 
definition  of  the  lacunarity. 

The  idea  consists  in  studying  the  distribution  probability 
of  the  mass  which  is  embedded  in  a  box  of  arbitrary  size 
shifted  in  all  the  possible  manners  onto  the  object  under 
study.  W'e  define  the  lacunarity  parameter  as  the  mean 
square  deviation  of  this  mass  probability  distribution. 
This  definition  is  quite  general  since  it  applies  at  any 
length  scale  to  sets  of  arbitrary  size  which  are  not 
necessarily  self-similar.  In  addition,  it  can  be 
implemented  easily  in  image  processing  systems  to  study 
experimental  aggregates. 

In  the  case  of  scale  invariant  objects,  the  lacunarity 
parameter  follows  a  scaling  law  as  a  function  of  the  box 
size.  The  exponent  is  related  to  the  fractal  dimension 
which  can  be  determined  by  this  way.  The  prefactor  is  taken 
as  a  measure  of  the  lacunarity  of  the  object.  Me  test  this 
new  definition  of  the  lacunarity  on  determistic  Cantor  sets 
of  various  types  and  we  check  that  all  the  inconsistencies 
encountered  in  the  previous  definitions  disappear. 
Moreover,  we  establish  its  interest  to  characterize  the 
geometry  of  experimental  aggregates. 

T7 . 20 

LINEAR  CORRELATION  OF  FRACTAL  DIMENSION  VERSUS 
MAGNETIC  INTERACTION.  B.X.Liu,  Center  of  Con¬ 
densed  Matter  and  Radiation  Physics,  CCAST 
(World  Lab. ), Bei] ing  and  Dept,  of  Materials  Sci¬ 
ence  and  Engineering , Tsinghua  Universi ty , Bei j ing 
1 00084 , CHINA ;  and  J.R.Ding,  Dept,  of  Materials 
Science  and  Engineering , Tsinghua  University, 
Beijing  100084,  CHINA. 

A  systematic  study  on  fractal  aggregation  of 
magnetic  particles  was  performed.  Four  kinds  of 


magnetic  particles,  i.e.  Fe^O^.Co.Cr  and  Ni, 

aggregated  on  vapor-deposited  Fe,Co,Cr  and  Ni 
thin  films, respectively , resulting  in  the  forma¬ 
tion  of  fractal  patterns.  Transmission  electron 
microscopy  examination  revealed  that  these  pat¬ 
terns  were  the  result  of  cluster-cluster  aggre¬ 
gation  . 

A  linear  relationship  between  the  fractal  dimen¬ 
sion  of  the  aggregates  and  the  effective  atomic 
magneton  number  was  found  to  be  Df=Km»c,  where 

refers  to  the  fractal  dimension,  m  refers  to 

the  effective  atomic  magneton  number,  K  and  c 
are  constants  found  out  to  be  0.041  and  1.72 
respectively.  Accordingly,  when  the  magnetic  in¬ 
teraction  among  the  aggregating  particles  redu¬ 
ces  to  zero.  i.e.  m=0,  the  corresponding  fractal 
dimension  is  1.72,  which  is  just  the  value  ex¬ 
pected  by  the  cluster-cluster  aggregation  model. 

T7.21 

FRACTAL  MAGNETIZATION  ON  HIERARCHICAL 
LATTICES.  W.A.M.  Morgado,  S.  Coutinhot  and  E.M.F. 
Curado,  Centro  Brasilciro  dc  Pesquisas  Fisicas,  Rua  Xavier  Siguad 
150,  CEP  22290,  Rio  De  Janeiro,  Brazil. 

The  local  magnetization  of  the  Ising  and  the  Potts  models  on  hi¬ 
erarchical  lattices  is  studied  by  an  interative  procedure.  An  exact 
recursion  equation  between  the  local  magnetizations  of  the  internal 
sites  and  the  two  ends  of  the  primitive  graph  in  a  general  hierar¬ 
chical  lattice  is  derived.  The  magnetization  profile  of  a  given  path 
joining  the  two  vertices  of  several  lattices  (e.g.  diamond,  Wheatstone 
bridge...)  are  exhibited  showing  near  the  critical  temperature  a 
fractal  structure  of  high  non-uniformities  over  the  infinite  range  of 
resolution.  The  f(a)  function  characterizing  how  densely  the 
singularities  of  the  distribution  of  the  local  magnetization  are  dis¬ 
tributed  is  also  presented  and  discussed. 

The  exact  critical  exponent  (/Jt)  of  the  local  magnetization  is  calcu¬ 
lated  straightforwardly  from  the  recursion  equation.  We  found  a 
nonconstant  value  for  PL  increasing  when  we  go  deep  inside  the 
lattice.  The  exact  critical  exponent  /?  for  the  magnetization  of  the 
whole  lattice  is  also  obtained.  For  the  Ising  model  on  the  diamond 
and  Wheatstone  hierarchical  lattices  our  figures  for  P  recovers  pre¬ 
vious  results  obtained  with  (I)  and  without  magnetic  fields  (2). 

1.  J.R.  Melrose,  J.  Phys.  A  ^  3077  (1983). 

2.  A.O.  Caride  and  C.  Tsallis,  J.  Phys.  A  20j  L667  (1987). 

t  Permanent  address:  Dcpartamento  dc  Fisica,  Universidade 
Federal  dc  Pernambuco,  CEP  50739,  Recife.  Brazil. 

T7.22 

DYNAMIC  PROPERTIES  OF  SOL-GELS.  .1.  E.  Martin  and  D. 
Adolf,  Sandia  National  Laboratories,  Albuquerque.  NM  87185. 

Gelling  systems  exhibit  novel  viscoelastic  properties  in  the  vicinity 
of  the  sol-gel  transition.  A  scaling  theory  of  these  phenomena  is 
presented,  along  with  extensive  measurements  on  silica  and  epoxy 
gels. 

T7.23 

WAVELET  TRANSFORMATION  OF  FRACTALS  OBSERVED  IN 
THIN  SOLID  FILMS.  J.R.Ding  and  L.J. Huang,  Dept, 
of  Materials  Science  and  Engineering,  Tsinghua 
University,  Beijing  100084,  CHINA;  and  B.X.Liu, 
Center  of  Condensed  Matter  and  Radiation  Physics, 
CCASTIWorld  Lab. ), Bei j ing  and  Department  of 
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Materials  science  and  Engineering, Tsinghua  Uni., 
Beijing  100084,  CHINA. 

Fractal  structures  were  observed  in  ion-irradi¬ 
ated  Ni-Mo  and  Ni-Zr  alloy  films  by  transmission 
electron  microscope  examination.  The  fractal 
dimensions  were  determined  to  be  1.72+0.02  and 
1.4±0.1,  respectively. 

To  study  the  local  scaling  properties  of  those 
observed  fractals,  wavelet  transformation  was 
performed.  Since  the  fractals  in  our  case  were 
observed  in  the  real  physical  process,  the  scale 
parameter  "a“  should  be  restricted  within  i  rele¬ 
vant  range.  The  different  local  scaling  features 
of  the  fractals  observed  in  the  Ni-Mo  and  the 
Ni-Zr  systems  were  compared.  The  f -«<  spectra 
yielded  from  wavelet  transformation  as  well  as 
from  multifractal  analysis  proposed  by  Halsey  et 
at.  are  also  presented. 

T7.24 

ANALYTICAL  EXPRESSIONS  FOR  THE  PERMEABILITY  OF 
RANDOM  TWO-DIMENSIONAL  POISSON  FRACTURE  NET¬ 
WORKS.  Kevin  Hesnr,*  Jane  Long,  and  Kunal  Ghosh,**  Lawrence 
Berkeley  Laboratory,  Berkeley,  CA. 

Hydrological  studies  of  flow  through  cracks  in  solid  material  is 
modeled  on  a  two-dimensional  Poisson  network  of  fluid  conducting 
lines  called  fractures.  The  permeability  of  such  random  fracture  net¬ 
works  can  be  studied  using  percolation  theory  and  equivalent  media 
theory,  which  are  usually  applied  on  regular  lattices  where  the  lattice 
elements  are  present  with  probability,  p.  In  order  to  apply  these 
theories  to  random  systems,  we  must  (1)  define  the  equivalent  to  the 
case  where  p  =  1,  (2)  define  p  in  terms  of  the  statistical  parameters  of 
the  random  network  and  (3)  define  the  equivalent  of  the  coordination 
number,  z.  An  upper  bound  for  permeability  equivalent  to  the  case  of 
p  =  1  is  found  by  calculating  the  permeability  of  the  fracture  netwotk 
with  the  same  linear  fracture  frequency  and  infinitely  long  fractures. 
The  permeability  of  networks  with  the  same  fracture  frequency  and 
finite  fractures  can  be  normalized  by  this  maximum.  An  equivalent  for 
p  is  found  as  a  function  of  the  connectivity,  (,  which  is  defined  as  the 
average  number  of  intersections  per  fracture.  The  quantity  £  can  be 
calculated  from  the  distributions  of  fracture  density,  length  and  orienta¬ 
tion.  The  equivalent  p  is  defined  by  equating  the  average  run  length 
for  a  random  network  as  a  function  of  £  to  the  average  run  length  for 
a  regular  lattice  as  a  function  of  p.  Also,  an  average  coordination 
number  z  can  be  calculated  for  the  random  systems  as  a  function  of  £. 
Thus  defining  p  and  z,  we  present  in  this  paper,  the  expression  for  per¬ 
meability  based  on  equivalent  media  theory.  (Percolation  theory 
results  are  discussed  in  Ref.  1).  Numerical  studies  provide  strong  sup¬ 
port  for  this  model.  To  apply  the  model  to  random  length  systems,  the 
expression  for  £  must  be  modified  to  remove  short  fractures  which  do 
not  contribute  to  flow.  This  leads  to  a  quantitative  prediction  of  how 
permeability  decreases  as  one  removes  shorter  lines  from  a  network. 

1.  K.  Ghosh,  K.  Hesrir,  and  J.  Long,  this  conference. 

•Permanent  address:  New  Mexico  State  University,  Las  Cruces,  NM 
••Permanent  address:  Jackson  State  University,  Jackson,  MS 

T7.25 

FRACTAL  ASPECTS  OF  HYDROGtNATED  AMORPHOUS  AND 
MICROCRYSTALLINE  SILICON. 

R.C.  van  Oort.  J.C.  van  den  Heuvel ,  M.J.  Geerts, 

Delft  University  of  Technology,  Faculty  of 
Electrical  Engineering,  Mekelweg  4,  Oelft, 
the  Netherlands. 

The  film  surface  of  hydrogenated  amorphous  (a-Si :H) 
and  microcrystalline  (uc-SI  :H)  films  etched 
in  a  hydrogen  rf  plasma  were  examined  by  using 
scanning  electron  microscopy.  Microcrystalline 
silicon  is  a  mixture  of  crystals  imbedded 
in  an  a-Si:H  matrix.  Hydrogenated  amorphous  silicon 
generally  is  regarded  as  a  material 
consisting  of  two  phases.  One  phase  of  a  high 
electrical  quality  and  a  high  structural  order, 
more  or  less  Imbedded  in  a  second  phase  of  poor 


quality,  containing  a  lot  of  hydrogen  and  many 
microvoids.  This  phase  is  of  a  low  structural  order. 

By  etching  the  a-  and  uc-Si:H  films  in  a  hydrogen 
rf  plasma  one  is  able  to  reveal  the  various  phases, 
the  crystals  of  the  uc-Si:H  film  and  the  phase  of 
high  quality  in  the  a-Si:H  type  of  film.  The 
structures  that  become  visible  are  fractal-like.  In 
the  case  of  the  uc-$i:H  type  of  film  the  fractals 
form  a  closed  network.  In  the  case  of  a-Si : H  the 
fractals  are  segregated.  The  fractals  can  be 
regarded  as  crystalline  in  both  the  a-  and  uc-Si:H 
film.  The  existence  of  the  fractals  might  be  very 
important  for  a  better  understanding  of  the 
electrical  and  structural  properties  of  the  a-  and 
uc-Si :H  films. 

T7.26 

CHAIN  CONFORMATION  OF  IONOMERS  IN  A 
NON-POLAR  SOLVENT.  D.C.  Hong,  Physics  Department  and 
Center  for  Polymer  Science  and  Engineering,  Leigh  University, 
Bethlehem,  PA  18015. 

We  consider  the  conformation  of  ionomers  that  carry  metallic  group 
at  each  monomer  site.  This  metallic  group  forms  a  point  dipole  in 
a  non-polar  solvent.  In  the  presence  of  a  strong  electric  field,  the 
dipoles  are  expected  to  align  themselves  along  the  direction  of  the 
external  field.  In  this  limit,  the  exect  renormalizaion  group  method 
yields  the  relation  between  the  end-to-end  distance  R  and  the  chain 
length  N  as:  R  =  N  with  a=2/d  for  2<d<4.  The  chain  is  thus 
fully  stretched  in  2  dimensions.  A  modified  Flory  theory  also  yields 
the  same  result.  The  relevance  of  our  results  to  the  experiment  is 
also  discussed. 

T7.27 

"FRACTAL  ASPECTS  OF  MATERIALS" 

THE  DIFFUSION  COEFFICIENT  OF  A  REPTATING  POLY¬ 
MER.  J.M.  Dcutsch  and  T.L.  Madden,  University  of  California 
at  Santa  Cruz,  Santa  Cruz,  CA,  95064. 

The  dynamics  of  a  polymer  in  a  network  of  entanglements  is  stu¬ 
died.  The  viscosity  and  diffusion  coefficient  were  studied  in  the 
repton  model  for  up  to  75  links.  First  we  derive  the  correct  pro¬ 
cedure  for  calculating  the  three  dimensional  diffusion  coefficient 
in  this  model.  We  find  that  the  diffusion  coefficient  scales  as 
L 2J±01.  This  result  is  in  marked  contrast  to  the  asymptotic  L2 
prediction  of  reptation.  We  see  that  the  asymptotic  behavior  of 
the  diffusion  coefficient  must  have  corrections  of  the  order  of 
L~1/2.  This  implies  that  fluctuations  in  the  tube  length  cannot 
provide  an  adequate  explanation  for  the  experimental  data.  The 
viscosity  is  found  to  scale  as  l3  49±ou,  in  accord  with  experi¬ 
mental  data  and  other  numerical  results. 

T7.28 

DIFFUSION  OF  LINEAR  POLYMERS  IN  GELS.  S.  Pajcvic, 
R.  Bansil  and.  C.  Kofiak,  Boston  University.* 

We  have  used  photon  correlation  spectroscopy  to  study  the  dif¬ 
fusion  of  linear  polystyrene  (PS)  with  molecular  weights  ranging 
from  5,000  to  700,000  in  methacrylate  gels  made  by  copolymerizing 
methyl  methacrylate  (MMA)  and  ethylene  dimethacrylatc  (EDMA) 
in  toluene.  The  linear  polymer  at  a  very  dilute  concentration  was 
added  to  the  mixture  of  monomers  in  toluene  prior  to  gelation  of 
MMA  and  EDMA.  Since  toluene  is  isorefractive  with  the  MMA 
the  measured  correlation  function  determines  the  diffusion  of  the 
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linear  polystyrene.  Single  exponential  fits  and  4th  order  cumulant 
analysis  were  used  to  determine  the  diffusion  constant  D  as  a  func¬ 
tion  of  M,  the  molecular  weight  of  PS. 


We  found  that  D  exhibits  different  scaling  behavior  depending  on 
M.  For  low  molecular  weight  PS  and  D/D0  is  independent 

of  M,  (£>„  is  the  diffusion  of  PS  in  toluene)  indicating  a  Stokes- 
Einstein  type  of  diffusional  mechanism.  For  PS  with  M>MC ,  a 
critical  molecular  weight,  we  find  and  DID0~M'-2i°2 

characteristic  of  reptation.  M ,  depends  on  the  extent  of  crosslinking 
in  the  gel.  For  very  high  molecular  weight  samples  we  observe  dif¬ 
fusion  constants  much  greater  than  would  be  predicted  by 
reptation,  and  furthermore  the  molecular  weight  at  which  departure 
from  reptation  becomes  evident  decreases  as  the  temperature  or  the 
amount  of  toluene  is  lowered.  We  believe  that  this  is  due  to  in¬ 
creasing  incompatibility  of  the  polymer  and  the  gel.  These  results 
suggest  that  the  diffusion  of  a  polymer  in  a  gel  is  more  complex  than 
predicted  by  the  reptation  model  and  that  it  is  influenced  strongly 
by  the  nature  of  the  interaction  with  the  gel  matrix. 


•Supported  by  NSF. 


T7.29 

SYNERGETICS  PARADIGM  &  DICHOTOMY  AS  A  SPECIAL  CASE  OF  MODERN 
THEORY  OF  CRITICAL  PHENOMENA:  FRACTAL-GEOMETRY  =  SCALE-INVAR¬ 
IANCE.  Edward  Siegel.  Synergetics  Paradigm  £  Dichotomy,  1 83— 
14  Avenue,  San  Francisco, CA. 94118. 


Synergetics  Paradigm  &  Dichotomy"  is  manifestly  shown  step- 
by-step,  to  be  a  special  case  of  the  modern  theory  of ^crit¬ 
ical-phenomena,  in  fact  having  been  prophesized  by  Ma  and 
Toulouse  &  Pfeuty  .  As  a  fractal-Berry  diffractal  calculus, 
its  dependence  upon  scaling-laws/relations  of  fractal-geome¬ 
try  is  exactly  equivalent  to  MTCP  dependence  upon  scale-inv¬ 
ariance,  rediscovered  in  Bak  et.al.  "self-organized-critical¬ 
ity".  Explicitly  the  1:1  mapping  equivalence  is: 


M.T.C.P. 
FUNCTION 

}[(iT-Tcl)Sl/tT-TclT 
TaT-Tcl)«l/IT-Tciy 
MtT-T  1)*1/IT-T  l1'1 


1:1  MAP 
CRITICAL-EXPONENT 
V«l«n 
V*l/2  1*2 
1-1 S2/3  ?-? 


S.P.D. 

FUNCTION  "JOB” 


G(r)lT,T  «l/rd-2+7  ?S0 


Jf(w)^l/vn 
X^w^l/v1- 
■7  B(v)«l/v' 

SS:g(Zr)-g(r)/Z' 

SA:g(Zr)-g(r)/Z’ 


S(k)lT_T  Sl/k 


2-7 


7  CO 


{ 

fSS: 

ISA: 


d-D 


S(k/Z)-S(k)Z 

S(k/Z)-S(k)Z 


d-AD  TT 
d-D 


out 

out 

out 

in 

vs 

in 


d-4D 


m 

vs 


connecting  MTCP  thermodynamic  and  transport  functions:  gen¬ 
eralized  susceptibility JCicorrelation/coherence  length J \ 
pair  correlation/distribution  functioned; equivalent  to  static 
structure  factor/diffraction-pattern  S(k)  to  SPD  analogs. 
Critical-exponent  Fisher  equality  scaling-law  (2 -3j)m1/1 
explicitly  expressed  the  SPD  function  connection  equivalence: 
[-In  S(k)I_  _  /In  k]  -  [ln(l^R)  /  ln(l/3)]  in  MTCP  equivalent 
to  [-In  S(k,w-0)/ln  k]  «  [ln(l/JT)  /  ln(l/X)]  in  SPD  exactly! 
l.S.-K.Ma, Modern  Theory  of  Critical-Phenomena. Beni. (76)-p,496! 


T7.30 

AUTOMATIC  MATHEMATICAL  CATASTROPHE  ( "AUTOATHCAT" )  AT  EVEN 
INTEGER  CRITICAL-DIMENSIONS  D-d®  -(l+l)-2  £  D-d®  -(3+l)-4 
SUPERUNIVERSALITY  IN  MATHEMATICS  DOMINATING  PHYSICS.  Edw¬ 
ard  Siegel.  Synergetics  Paradigm  &  Dichotomy,  183-14cnAve. 
San  Francisco, CA. 94118. 


•Cauchy-( boundary-value )-problem  solution  versus  non-solut¬ 
ion  for  Hyperbolic  Differential  Equations  (wave-equation, 
eikonal-equation,Huygens'-principle)  of  Courant  £  Hilbert 
for  even  versus  odd  integer  spacetime  dimensions 
•Knot  Topology  knot  -to  -unknot  unknotting  above  second  even 
integer(Dbd  -4.)dimension  and  nonexistence  of  topology  below 
first  even  integer  dimension(D«d  -,2) 

•Number'Theory  existence  of  first  even  integer  as  "the  odd¬ 
est  prime"being  the  only  even  prime  number, thus  the  least 
common  divisor  of  all  even  integers(dimensions) 
dominating  the  (Synergetics  Paradigm  £  Dichotomy)  superuniv- 
ersality  of  physics: 

•Field  Theory  at  d  -d®c-(l+l)-2  &  d  -d®-(3+l)-4  of  Cole¬ 
man  and  Brink-Nielsen  very  extensively  throughout  physics! 
•Modern  Theory  of  Critical  Phenomena  phase-transition  critic- 
critical-dimensions  at  D-d  -(l+l)-2  and  D-d  -(3+1 )-4 
•Specialf light-cone  at  dEt-a®-(3+lT*£)  and  General (Takagi  , 
Ooguri Relativity 

•Mixed  Bose-Emstein:Fermi-Dirac"anyon" "Statistics  of  Wilczek 
bosons  in  even  integer  versus  fermions  in  odd  integer  space¬ 
time  dimen: ions »• . 

•Synergetics  Paradigm  £  Dichotomy  Superuni versalitv  Class  & 
Crossover  Principle  Fractal-Diffractal  Calculus  fractal-dim¬ 
ensionality  uncertainty  fluctuation  upon  Menger  fractal-dim¬ 
ensionality  (continuous)  manifold  with  "AUTMATHCAT"at  D-dc-_2 

T7.31 

SYNERGETICS  PARADIGM  S  DICHOTOMY:  SELF-ORGANIZED-CRITI CALITY , 
AUTOMATIC  MATHEMATICAL  CATASTROPHES ( "AUTMATHCATS " ) ,  MODERN 
THEORY  OF  CRITICAL  PHENOMENA,  INFINITE  CONDUCTANCE  FLUCTUAT¬ 
IONS,  FRACTAL-CRYPTOGRAPHY, -LITHOGRAPHY, -FILIMENTATION-SUPER- 
CONDUCTIVITY :  SUPERUNIVERSALITY  CUSS  &  CROSSOVER  VIA  DIM¬ 
ENSIONALITY  UNCERTAINTY  FLUCTUATION:  FRACTAL-DIFFRACTAL  CALC-. 
ULUS.  Edward  Siegel.  Synergetics  Paradigm  £  Dichotomy, ]83-I4t 
Avenue,  San  Francisco, CA. 94118  (with  F. Young  £  A. Smith) 

Synergetics  Paradigm  £  Dichotomy  superuni versalitv  class  fl 
crossover  is  an  ostensibly  fractal-dif fractal  calculus  upon  a 
Menger  continuous  fractal  dimensionality  manifold,  admitting 
derivitive  d/dD  implimented  via  Aizawa-Fujisaka-Mandelbrot- 
Siegel  fractal-dimensionality  uncertainty  fluctuations AD[ se¬ 
lf-affine  £  multif rectal :  .with  auto- 

mstic-mathematical-catastropfies  (AUTMATHCATS  )  at  even  integ¬ 
er  dimensions,  throughout  pure  mathematics! topology( Jordan  cu¬ 
rve  theorem, knot  topology, graph  theory, hyperbolic  differential 
equation  Cauchy-( boundary  value)-problem  solutions, number  the¬ 
ory  and  "space"-filling  of  fractal-geometry]  dominating/caus¬ 
ing  dimensionality-driven  infinite  conductance  fluctuations 
throughout  physics.  Bak  "self-organized-criticality"  is  ident¬ 
ified'  as  a  special  case;S.P.D.is  manifestly  demonstrated  to  be 
itself  a  special  case  of  modern  theory  of  critical  phenomena 
by  its  characteristic  universal  critical-exponents, as  has  Bak's 
S.O.C.  Other  manifestations  in:field  theory, general  relativity, 
elementary  particle  physics, special  relativity, M.T.C.P., A. -I. 
cognition, biophysics, string  theory, cosmology, quantum  theory 
[Zitterbewegung  I.C.F.  with  1/f  noise  signature/"echo"-Heisen- 
berg  Uncertainty-Principle, manifestly  proving  exact  equivalence 
of  three  Principles:  Correspondence  -  Complementarity  *  Uncert¬ 
ainty!],  Kaluza-Klein  theories,  Newton's  law.nonlinear-dygsmics. . 
abound  and  are  exhaustively  detailed.  Suoeruni versa!  local  -to- 
glojal  phase-transition  critical-phenomena  with  1/f  white  -to- 
1/f  flicker  [fluctuation-dissipation  theorem-equivalent]  noise 
and  susceptibility  power-spectra, infinite  with  d/dD. dominate 
physics  as  a(if  not  the)  "common-functioning-principle"!  ,  the 
consequence  of  scale-invariance, gauge-invariance  and  dimension! 

T7.32 

SUPERUNIVERSALITY  CUSS  £  CROSSOVER  OF  SYNERGETICS  PARADIGM  £ 
DICHOTOMY  MANIFESTATION  OF  CONSEQUENCES  OF  SCALE-INVARIANCE(- 
FRACTAL-GEOMETRY)  THROUGHOUT  PHYSICS  DOMINATING  PHYSICS.  Edw¬ 
ard  Siegel.  Synergetics  Paradigm  £  Dichotomy,  183-14''  Avenue, 
San  Francisco, CA. 94118. 


Automatic  mathematical  catastrophe  ("AUTMATjJJAT")  at  even 
lntfijcr  critical-dimensions  (spacetime)  D-d  »(1+1)*2  and 
D-d  -(3+l)«4  Bupyrunlversallty  in  mathematics:  - 

•Frfictal-Geom«try  "spaee"-filling  ''curves"  at  D-dS  integer 
•Graph  Theory  of  Polya  and  Rayleigh  :recurrence(D4dc-2.)  ver¬ 
sus  transience(D>d(.-,2) 


Synergetics  Paradigm  £  Dichotomy  special  case  of  Modern  Theory 
of  Critical  Phenomena  (MTCP)  exhibition  of  auperunl versalitv 
class  £  crossover  as  direct  consequence  of  self-similar  vers¬ 
us  aelf-afflne  fractal  scallng-laws/relations  upon  Berry  diff- 
rsctal  acaling-laws/relations,  dominant  scale-invariance  symm¬ 
etry  consequence  via  Noether's  theorem  upon  conservation-laws: 
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Pit-  PKACTALI k-A/ or  w-space  ] 


FRACTAL!  r-apace  ]- 
SCALING-RELATION  ARP-  DENSITY-OF-STATES  POWER-SPECTRA 
Self-Si*ilar(IXd_«2)  LOCAL-  Constant  NOISE-SUSCEPTIB . 

Xr)- gfr)/!** 


IZATION  N(w)«0 


White 

l/w° 


White 

l/w° 


2)  DELOCAL-  Linear (MLS) 

IZATION  N(w)»n.w  Flicker  Flicker 


8(Xr)- 

Self -Affine  (jD^g 

8(X£)-g(r)/X°  iiCAiiUN  N(wj-n.v  Flicker  Flicker 

INFRA-RED  DIV.  1/v""1  l/w""1 
where  AyderfOD-Ragleigh-Polya  (ARP)  localization  -  locality 
is  e1^  £.-w  l'e —  •re-w  twith  complex (non-conserved)  wavevec- 
tor/momentum[k-k'+iJc"]  4/or  frequency /energy [w«w'+iw"j  versus 
ARP-delocalization  •  globality  plane-wave  propagation  e^Qi*£.~ 
wt'with  real ( conservation ) [Jc«k 1  ;Jc"«Oiw»w'  jw"-0)  iSuperllnlversal: 

•QUANTUM  THEQEI  *  s  (Correspondence-Complementarity-Uncerteinty) 
classical(dst«2)  smooth  path  (particle)  certainty  *V«I/awoJ 
CORRESPONDENCE  -  COMPLEMENTARITY  «  UNCERTAINTY^? f«l 

physical  universe  with  divergence  at  D-dc-(l+l)-2  of :h4E,kn4 
S ;and"downdivergence"of :N«I  from  1  to  finite  4  "c"from  oo. 
eBIOPHYSI CS  OF  LIFE;fd-2)Davvdov  sollton  -to-  (D>2)Frohlich 
coherent  electric  polarization  wave  fiose-Einstein  condensation 
of  DelGuidice  et.al.,with  Gol'danskii  glassy  biopolvmer  MLS. 
•ARTIFICIAL-INTELLIGENCE(COGNITION)  eNONLINEAR  DYNAMICS(Chaos) 
•QUANTWl  FIELD  THEORY  eMODERN  THEORY  OF  CRITICAL-PHENOMENA... 

1*2 . E . Siegel .Schrodinger  Centenarvf 87 ) :Fdns.of  Mod.Phvs.f 87) 

T7.33 

DIMENSIONAL-CALCULUS  OF  DIMENSION-THEORY  IMPLIMENTATION  OF 
SYNERGETICS  PARADIGM  &  DICHOTOMY  "COMMON  FUNCTIONING  PRINCI¬ 
PLE"  PARSIMONY-OF-DICHOTOMY  DOMINATION  OVER  SPECIFICITY -OF- 
COMPLEXITY.  Edward  Siegel.  Synergetics  Paradigm  &  Dichotomy 
183-14tbAvenue,  San  Francisco ,CA . 94 I 18 . 

Synergetics  Paradigm  *  Dichotomy  "common  functioning  princip¬ 
le"  superuniversality  class  crossover  ubiquitously  all  perva¬ 
ding  throughout  physics  deriving  from  pure-mat hematics .exhib¬ 
iting  automatic  mathematical  catastrophes  ("AUTMATHCATS")  at 
even-integer  critical-dimensions: 

LOCALITY  ^  PARSIHONY  of _  GLOBALITY 

l/f°-WHITE  DICHOTOMY  >  1/f ^-FLICKER 

(fluctuation-dissipation  theorem-equivalent)  noise  and  gener¬ 
alized-susceptibility  power -spectrum,  is  derived  via  dimens- 
ional-calculusi  Orthogonal  to  the  fractional-calculus, with 
'iu/^xu  operations, [integer  dimensions  for  ordinary-calculus  1 
dimensional-calculus  dimensional-derivitive  dTft)  and  dimens¬ 
ional-integral  J. ..JdD  impliment  Mandelbrot -AJzawa-Fujisaka2 
fractal-dimensional  uncertainty  fluctuations  £5  for  self-aff¬ 
ine  and  multi-fractals  D  *  D  A  D  versus  self- 

similar  D.  *D  -D  X.  Upo8sa  cv5?n8?f8al  Riemann-surf- 

ace,  impli8ent8??8n  8?°8f81nsional-deriyitive  S7*b, orthogonal 
to  ordinary-  or  fractional-derivitives,  as  a  fibering  exhib¬ 
its  "AUTMATHCATS"  when  operating  upon  equivalently:noise  or 
ralized-susceptibility  power-spectra  P(w;D)*  (w;D)»"l"/ 

'or  critical-exponent  n(D)  along  this  fiber-bundle.  Inv¬ 
erse  dimensional-integrals  J. .  .JdD  exhibit  hysteresis  flag 
of  "AUTMATHCATS".  Implimentation  via  Heaviside  operational- 
calculus  of  Riemann-surface  cylinder  fiberingj-esults  in: 
(*7*D)[ri’7wnn5)|  ]l(D-dc).  [-In  w/wn(£)l  (»7»t))ln(D)|i(D-dc) 
with  (i/5D)[n(D)/  »(D-dc)«[20(n(D))-l](l/«D)[n(D-dc)]-n(dc)/ 
|n(dc)|for  dc>even-integer  critical-dimensions. 

1. E. Siegel. Inti. Conf .on  the  Fractional  Calculus,Koriyama(89) 

SIAM  Ann.Mtg.,San  Diego(89):Statphvs-17.Rio  de  Janeiro(89) 

1204(83)jin  Dimensions  *  Entropies  in  Chaotic  Sys. ,Sprlng(86) 


IX 


T7.34 


rormaUwi.  of  Ki  »ci»  1  patterns  of  CrynUU 

Lui  nij  Phase  Tr«*ngforgmiiwi. 


The  snail  pieces  of  mol ybdenun  »he*t  were  heated  at  800°C  in  a 
particular  oxidizing  ambient .  Some  two-d iftensi or.*i  1  fractal  pat¬ 
terns  of  crystals  graw  during  phase  transformation.  The) 

are  the  results  of  Diffusion-Limited  Cluster  Aggregation  tDLCA). 
Their  fractal  dimensions  ar*  different  each  other  wilder  the  »an.e 


experimental  Condition,  and  are  in  a  wide  range.  The  electron 
diffraction  «-xper  l  nients  show  that  crystals  are  single  crys¬ 

tals,  The  possible  growth  mechanism  of  the  fractal  patterns  is 
d 1 t> cussed . 


T7.35 

MULTIFRACTAL  POROUS  ROCK.  J.  L.  McCauley,  Physics 
Department.  University  of  Houston.  Houston.  TX 
77004,  USA;  J.  Muller.  A.  T.  Skjeltorp  and  J.  P. 
Hansen,  Institute  for  Energy  Technology.  N-2007 
Kjeller,  Norway. 

The  multifractal  spectra  of  porespace  of  two 
different  types  of  North  Sea  sandstone  are  measured 
using  optical  microscopy  and  a  box-counting 
technique.  The  empirical  results  are  described  by  a 
very  simple  planar  Cantor  set  which  is  a 
multifractal  Sierpinsky  carpet.  The  good  agreement 
between  the  data  and  the  model  shows  that  sandstone 
porevolume  can  be  modelled  by  the  simplest  two-scale 
Cantor  set  on  an  octal  tree. 

T7.36 

CHARACTERIZATION  OF  THE  MECHANICAL  FAILURE  SURFACES  OF 
ENERGETIC  MATERIALS  BY  POWER  SPECTRAL  TECHNIQUES.  M. 

Yvonne  D.  LanzerotTi,  James  J.  Pinto,  U.S.  Army  ARDEC, 
PiceTinny  Arsenal,  NJ  07806  5000;  and  A.  Wolfe,  New  York 
City  Technical  College,  Brooklyn,  NY  11201 

Composition  B  is  a  composite  energetic  material  containing 
59X  eyclotrimethylenetrinitramine  (RDX),  401  TNT,  and  IT 
wax.  The  nature  of  the  fracturing  of  this  material  and 
the  characterization  of  the  fracture  surfaces  is  of 
considerable  practical  and  acientific  interest.  The 
fracture  surfaces  of  the  material  under  atudy  are  obtained 
by  accelerating  prepared  aamples  in  an  ultracentrifuge. 

When  the  tensile  or  shear  atrength  is  exceeded  a  fracture 
surface  is  obtained.  Using  ■  diamond  stylus  prof l loroe ter  , 
the  topography  of  the  fracture  aurface  has  been  studied 
from  ■  wavelength  of  1.0  micron  to  nearly  1.0  centimeter. 
The  apatial  power  spectra  have  been  calculated  from  the 
dtta  using  a  prolate  spheroidal  data  window  in  the 
horizontal  apace  domain  prior  to  the  employment  of  the 
fast  Fourier  transform  slgorithm.  The  power  spectra  are 
found  to  decrease  with  increasing  spatial  frequency. 

Peaks  corresponding  to  the  RDX  particle  size  are  observed 
in  the  Composition  B  power  spectra.  These  peaks  indicate 
that  the  fracture  is  occurring  at  the  interface  of  the 
RDX  and  TNT  grains  in  the  composite,  mixed  material.  The 
log  of  the  root-mean-square  roughness  of  the  fractured 
surface  interface  is  iound  to  be  directly  proportional 
io  the  log  of  the  profile  length. 

T8.1 

brownian  dynamics  of  branched  polymers. 

M.  E.  Calcs.  Cavendish  Laboratory,  Madingley  Road,  Cambridge 
CBMJHE,  UK. 

The  statics  and  dynamics  or  a  quenched  polymer  sol  arc  considered. 
An  ideal  quench  is  argued  to  have  no  effect  on  the  fractal  dimension 
or  clusters.  The  hype, scaling  relation  may  be  understood  in  terms 
of  the  excluded  volume  between  flexible  clusters  of  quenched  net¬ 
work  structure.  The  screening  of  hydrodynamics  in  a  system  with 
hypersealing  remains  poorly  understood,  with  Rouse  and  Zimm 
limits  as  bounds,  but  the  real  behavior  probably  lying  in  between. 
Wc  consider  bow  to  modify  existing  results  for  quenched  sols,  so  as 
to  allow  for  slow  reversible  breaking  of  the  cross-links.  This  is  a  first 
step  toward  the  dynamical  description  of  equilibrium  sols. 
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T8.2 

STATIC  AND  DYNAMIC  PROPERTIES  OF  CONCEN¬ 
TRATED  SOLUTIONS  OF  BRANCHED  POLYMERS  ELAB¬ 
ORATED  NEAR  GELATION  THRESHOLD.  M.  DcRanti  m. 
J.P.  Munch  (  +  ,1),  M.  Adam  (I )  and  D.  Durand  (2). 

Synthesis  of  polydisperse  randomly  branched  polymers  near  the 
gelation  threshold  are  correctly  described  by  percolation.  Using  the 
techniques  of  dynamic,  static  light  scattering,  and  small-angle  neu¬ 
tron  scattering  the  space-time  dependence  of  the  structure  factor  of 
moderately  concentrated  solutions  has  been  determined.  In  this 
concentration  regime,  the  various  polymers  are  no  longer  far  away 
from  each  other  as  would  occur  in  very  dilute  solution,  and  smaller 
polymers  penetrate  the  largest  ones.  The  main  result  is  that  in¬ 
creasing  the  polymer  concentration,  the  profile  of  the  dynamical 
structure  factor  goes  from  a  stretched  exponential  function,  with  an 
exponent  which  decreases  as  concentration  increases,  to  a  power  law 
function.  The  dynamical  properties  of  these  systems  are  similar  to 
those  observed  in  disordered  media  near  the  glass  transition. 

1.  Service  de  Physique  du  Solide  et  de  Resonance  Magnetique, 
CEN-Saclay,  91 191  Gif-sur-Yvette  Cedex,  France. 

2.  Laboratoire  de  Chimie  et  Physico-Chimie  Macromoleculaire, 
Unite  associee  au  CNRS,  Universit&a.c  du  Main,  route  de 
Laval.  72017  Le  Mans,  France. 

+  Permanent  address:  Laboratoire  de  Spectrometrie  et  d'lmagerie 
Ultrasonores,  Univcrsite  Louis-Pasteur,  4,  rue  Blaise-Pascal, 
67070  Strasbourg  Cedex,  France. 

T8.3 

DYNAMICS  OF  POLYMER  GELATION.  Michael  Rubinstein 
Corporate  Research  Laboratories.  Eastman  Kodak 
Company.  Rochester.  NY  H650 

Gelation  is  a  continuous  phase  transition  well  described 
by  static  scaling  theories1  (classical  or  critical 
percolation  dependent  on  whether  the  linear  sections 
between  crosslinks  are  long  or  short). 

A  simple  dynamic  scaling  theory2  based  on  the  Rouse 
model  with  the  distribution  of  sizes  of  branched 
polymers  determined  by  the  critical  percolation  theory 
is  in  excellent  agreement  with  recent  experiments. 

In  the  case  of  classical  gelation  with  long  linear 
entangled  sections  between  crosslinks  there  is  a  time 
regime  with  dynamics  dominated  by  entanglements 
crossing  over  at  longer  times  to  the  Rouse  regime.3 

1.  E  V.  Patton.  J.  A.  Wesson.  M.  Rubinstein.  J.  C.  Wilson, 
and  L.  E.  Oppenheimer,  Macromol.  22.  1946  (1989) 

2.  M.  Rubinstein.  R.  H.  Colby,  and  J.  R.  Gillmor  in  Space- 
Time  Organization  in  Macromolecutar  Fluids.  Eds.  F. 
Tanaka.  T.  Ohtaand  M.  Doi.  Springer-Verlag,  Berlin 
(1989) 

3.  M.  Rubinstein.  S.  Zurek.  T.  C.  B.  McLeish.  and  R.  C.  Ball, 
submitted  to  J.  Physique  (Paris) 

T8.4 

KINETIC  GELATION  IN  SYSTEMS  WITH  AGGREGATION, 
BREAKUP,  AND  FLOW.  R.  Dennis  Vigil  and  Robert  M.  Ziff, 


Department  of  Chemical  Engineering,  University  of  Michigan, 
Ann  Arbor,  MI. 

We  employ  mean-field  rate  equations  to  study  gelation  in  both 
open  and  closed  systems  undergoing  aggregation  and  breakup. 
We  consider  the  aggregation  rate  kernel  KI;  =  ij,  which  is  known 
to  lead  to  a  gelation  transition  for  irreversible  aggregation  in 
closed  systems.  We  find  that  the  existence  of  a  gelation 
transition  for  aggregation-fragmentation  depends  upon  the  rate 
of  breakup,  the  feed  and  removal  rates,  and  in  some  cases  also 
upon  the  initial  conditions.  Furthermore,  our  results  show  that 
the  presence  of  breakup  terms  may  lead  to  novel  kinetic 
behavior.  For  example,  consider  a  model  of  coagulation  with 
single-particle  breakoff,  described  by  the  aggregation  kernel  = 

ij  and  fragmentation  kernel  Fq  =  a  ( <j+l)$n  +  (i  +  Ufy).  We  find 
that  the  scaling  exponent  t,  which  describes  the  large-size 
behavior  of  the  steady-state  size  distribution  for  a  above  a  critical 
value  ac  ,  is  7/2  rather  than  the  usual  value  b/2,  indicating  that 
this  process  belongs  to  a  new  universality  class  of  gelation.  We 
conjecture  a  three-parameter  scaling  relation  for  the  approach  to 
gelation:  ck  =  <rT  F(k/ tz  ,  eka )  with  r  =  7/2,  z  =  2,  and  <o  =  1,  which 
describes  the  scaling  of  the  size  distribution  ck  for  e  s  (a  -  ac )  — » 

0,  k  — »  °°  and  t  -» <».  We  verify  this  form  for  limiting  cases  t  = 
°°,  £  -»  0  (approach  to  gelation  of  the  steady-state  solution)  and 
e  =  0,  t  ->oo  (dynamics  at  the  critical  value  of  a). 

T8.5 

ELASTIC  PROPERTIES  OF  COLLOIDAL  GELS*.  W.  H.  Shih. 

J.  Liu,  W,  Y.  Shih,  M.  Sarikaya  and  I.  A.  Aksay,  Department  of 
Materials  Science  and  Engineering, and  Advanced  Materials  Technology 
Program,  Washington  Technology  Center.  University  of  Washington, 

Seattle,  WA  98195 

Elastic  properties  of  colloidal  gels  are  studied  both  experimentally 
and  theoretically.  In  the  scaling  theory  that  we  developed,  a  gel 
structure  is  modeled  as  close  packing  of  fractal  clusters  formed  by 
aggregation.  Expressions  for  the  elastic  constant  and  the  yield  strain  as 
a  function  of  particle  concentration  are  given.  There  are  two  regimes 
depending  on  the  relative  strength  ot  the  clusters  and  ot  the  links 
between  the  clusters.  In  the  strong-link  regime,  the  elastic  constant 
increases  but  the  yield  train  decreases  with  the  particle  concentration. 

In  the  weak-link  regime,  both  the  elasiic  constant  and  the  yield  strain 
increases  with  concentration.  Crossover  from  the  strong-link  to  the 
weak-link  regime  can  occur  as  the  concentration  increases.  Rheological 
study  on  silica  gels  clearly  demonstrates  the  scaling  behavior  of  each 
regime  and  the  crossover.  The  Theologically  deduced  fractal  dimension 
of  the  clusters  is  consistent  with  the  light  scattering  measurements. 

*  This  work  is  supported  by  AFOSR/DARPA  under  Contract  No 
AFOSR-87-01 14 

T8.6 

J  L  Stehle,  P  Evrard , SOPRA,  26/68  rue  Pierre  Joig- 
neaux,  92270  Boi s-Colombes ,  FRANCE.  V  Mazzacurati, 
Universita  degll  Studi  di  Roma  ’La  Sapienza', 
00185  Roma,  ITALY.  G  Ruocco,  Universita  degli 
Studi  di  L'Aguila,  67100  L'Aquila,  ITALY.  J  N 
Willis ■  L  C  Hammond,  ARIES/QEI,  5A1  Damonmill 
Square,  Concord  MA  01742,  USA. 

Light  scattering  is  a  rapid,  non-destructive  tech¬ 
nique  for  analysis  of  critical  lengths  in  fractal 
materials.  The  shape  of  the  low-frequency  Raman 
and  Brillouin  spectra  as  Important  as  their 
spectral  positions.  This  data  is  difficult  to  ob¬ 
serve,  due  to  high  stray  light. 
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A  new  double  spectrometer,  used  In  double  pass 
configuration  (DMDP) ,  has  been  developed,  with  a 
higher  signal/noise  ratio  than  a  multi-pass  Fabry 
Perot  interferometer.  This  new  instrument  will  be 
described. 

Brillouin  and  Raman  intensities  can  be  measured  in 
the  same  conditions,  enabling  calculation  of  ab¬ 
solute  Raman  intensities,  by  comparison  with  the 
Brillouin  intensity,  for  a  given  laser  power. 

The  first  results  obtained  for  transparent 
materials,  including  polymers,  gels,  glasses  and 
Agl,  will  be  presented. 

T8.7 

MULTIFRACTAL  STRUCTURE  OF  POLYMER-MODIFIED  CEMENT  PASTES. 

V.  M.  Castano,  Institute)  de  Ffsica,  U.N.A.M.,  A.P.  20-364 
Mexico,  D.  F.  01000  and  P.  W.  Schmidt,  Physics  Department 
223  Physics  Bldg.,  Univ.  of  Missouri,  Columbia,  M0  65211. 

Several  techniques,  ranging  from  low  angle  X-ray  and  neu¬ 
tron  scattering  to  digital  processing  of  optical  and  elec¬ 
tron  microscopy  micrographs  have  been  utilized  for  stuying 
various  regimes  of  fractal  structure  in  plymer-modified 
Portland  cement  pastes.  The  results  indicate  clearly  the 
role  of  polymer  in  capilar  pures  whereas  gel  porosity  is 
not  affected  by  the  addition  of  polymeric  materials.  Al¬ 
so,  a  discussion  of  the  relation  between  the  mass  and  sur¬ 
face  fractal  dimensions  obtained  by  the  different  experi¬ 
mental  techniques  is  included. 

T9 . 1 

FIXED  SCALE  TRANSFORMATION  APPROACH 
TO  THE  DIELECTRIC  BREAKDOWN  MODEL. 

L.  PlETRO NERO,  Universii d  di  Roma,  l A.  Moro,  00185  Roma, 
Italy,  A.  ErzaN, University  oj  Groningen,  Melkweg  1,  9718  EP  Gro¬ 
ningen,  The  Netherlands,  and  Carl  EvehTS?..  Yale  University,  Box 
2155  Yale  Station,  New  Haven,  CT  06520,  USA 

We  discuss  a  new  theoretical  approach  to  the  computation  of  the 
fractal  dimension  of  clusters  grown  with  the  Dielectric  Breakdown 
Model  and  the  Diffusion-Limited  Aggregation  Model.  This  approach 
provides  quantitative  insight  into  the  role  of  the  screening  and  scale 
invariance  of  the  Laplace  equation  in  the  formation  of  fractal  pat¬ 
terns. 

The  approach  exploits  the  scale  invariance  of  the  clusters  which  im¬ 
plies  that  knowledge  of  the  distribution  of  the  two  diagrams  needed 
in  a  dyadic  coarse  graining  of  clusters,  can  be  obtained  by  considering 
their  distribution  at  an  arbitrary  fixed  scale.  In  the  above  approach, 
this  distribution  is  obtained  as  the  fixed  piont  of  the  Fixed  Scale 
Transformation.  The  box-counting  dimension  is  then  a  simple  func¬ 
tion  of  this  distribution. 

We  compare  the  theoretical  results  with  those  obtained  from  nu¬ 
merical  simulations  in  the  cylinder  geometry  and  show  a  movie  on 
the  actual  growth  process. 

T9. 2 

GEOMETRICAL  M  U  LTI FR  ACTA  LIT  Y  OF  DIFFUSION 
LIMITED  AGGREGATES,  Tamas  Vicsck,  Department  of  Phys¬ 
ics,  Emory  University,  Atlanta.  GA  30322,  and  Institute  for  Tech¬ 
nical  Physics,  P.O.  Box  76,  H-1325  Budapest,  Hungary,  Fcrcydoon 
Family,  Department  of  Physics,  Emory  University  Atlanta,  GA 
30322,  Paul  Meakin,  Du  Pont  dc  Nemours  and  Co.,  P.O.  Box. 
80356,  Wilmington,  DE,  19880. 


Geometrical  multifractals  are  complex  patterns  that  can  be  de¬ 
scribed  in  terms  of  an  infinite  hierarchy  of  mass  exponents  corre¬ 
sponding  to  the  local  scaling  of  the  mass.  Since  the  distribution  of 
growth  probabilities  in  diffusion-limited  aggregates  (DLA)  has  been 
shown  to  be  multifractal,  it  is  natural  to  ask:  Is  DLA  a  geometrical 
multifractal  or  it  can  be  described  by  a  single  fractal  dimension? 

We  have  used  very  large  off-lattice  DLA  clusters  and  a  generalized 
sand-box  method  Q  which  is  particularly  well  suited  for  investi¬ 
gations  of  geometrical  multifractality  Q  to  study  the  scaling  of  the 
mass  distribution  in  DLA.  Our  results  show  that  the  generalized 
dimensions  D(q)  decrease  monotonically  with  increasingq,  demon¬ 
strating  that  DLA  clusters  are  multifractal.  We  also  show  that  the 
true  fractal  dimension  of  DLA  clusters,  D(0),  is  larger  than  the 
usually  accepted  value,  because  the  commonly  used  methods  for  the 
determination  of  the  the  fractal  dimension  give  D(2). 

19.3 

THE  MORPHOLOGY  OF  COPPER  ELECTRODEPOSITS. 
J.R.  Melrose,  The  Blackett  Laboratory  Imperial  College,  Prince 
Consort  Road,  London  SW7  2BZ;  D.B.  Hihhert.  The  Department 
of  Analytical  Chemistry,  University  of  New  South  Wales.  P.O.  Box 
I,  Kensington,  Sydney  2033,  Autralia. 

We  report  observations  of  the  micron  scale  morphology  of  copper 
electrodeposits  with  emphasis  on  relating  it  to  the  morphology, 
fractal  or  dense  radial,  on  the  cm-scale. 

We  find  that: 

1.  Concurrent  changes  of  micron  scale  morphology  and  electrical 
resistance  arc  observed. 

2.  Interfaces  between  dense  radial  and  open  cm-scale 
morphologies  are  composed  of  a  three  step  transition  between 
micron  scale  morphologies;  many  features  of  this  transiton  are 
a  challenge  to  understanding. 

3.  Under  changing  growth  conditions  it  is  possible  to  drive  a 
metamorphosis  from  dense  radial  to  open  deposit;  a  concurrent 
metamorphosis  is  observed  on  the  micron  scale. 

T9. 4 

RANDOM  WALKS  AND  THE  DOUBLE  LAYER  IMPEDANCE.  Thomas  C. 
Halsey,  Michael  W.  Lelblg.  The  James  Franck  Institute  and 
the  Department  of  Physics,  The  University  of  Chicago,  Chi¬ 
cago,  II. 

We  present  a  numerical  procedure,  based  on  a  random  walk  al¬ 
gorithm,  for  determining  the  analytic  structure  of  the  im¬ 
pedance  of  an  ionic  solution  in  contact  vith  a  perfectly 
polarizable  metallic  electrode,  which  may  have  a  simple  or 
fractal  geometry.  This  technique  is  based  on  earlier  work 
on  a  Green's  function  formulation  of  the  impedance  problem. 

This  technique  applied  to  the  problem  of  a  deep  groove 
yields  the  correct  CPA  type  behavior.  This  procedure  ap¬ 
plied  to  a  Diffusion  Limited  Aggregate,  a  DLA,  indicates 
that  DLA  does  not  exhibit  a  CPA  type  impedance,  but  its 
analytic  structure  for  small  u  has  a  logarithmic  depen¬ 
dence.  We  discuss  Che  universality  of  this  behavior. 

‘T.C.  Halsey,  Phys.  Rev.  A  36,  5877  (1987). 

T9. 5 

BROWNIAN  TRAIL  RECTIFIED.  Alan  .1.  Hurd  and  Pauline 
Ho,  Sandia  National  Laboratories,  Department  of  Energy  Contract 
No.  DE-AC04-76-DP00789,  Albuquerque,  NM  87185-5800. 
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The  experiments  described  here  indicate  when  one  of  Nature's  best 
fracta!s-thc  Brownian  trail-bccomes  nonfractal. 

In  most  ambient  fluids,  the  trail  of  a  Browian  particle  is  seif-similar 
over  many  decades  of  length.  The  trail  of  a  submicron  particle 
suspended  in  an  ordinary  liquid,  for  example,  recorded  at  equal 
time  intervals,  exhibits  apparently  discontinuous  changes  in  velocity 
from  the  millimeter  level  (where  convection  or  sedimentation  can 
be  important)  down  to  molecular  levels.  Only  when  the  time  inter¬ 
val  is  shortened  to  10'*  s  does  the  velocity  appear  continuous. 

In  rarefied  environments,  this  time  resolution  at  which  a  Brownian 
trail  is  rectified  from  a  curve  without  tangents  to  a  smoothly  vary¬ 
ing  trajectory  is  greatly  lengthened,  making  it  possible  to  study  the 
kinetic  regime  by  dynamic  light  scattering.  Our  recent  experiments 
with  particles  in  a  plasma  have  demonstrated  this  capability,  in 
this  regime,  the  particle  velocity  persists  over  a  finite  "step  length" 
allowing  an  analogy  to  an  ideal  gas  with  Maxwell-Boltzmann  ve¬ 
locities;  the  particle  mass  could  be  obtained  from  equipartition.  The 
cross  over  from  ballistic  flight  to  hydrodynamic  diffusion  was  also 
seen. 

This  work  was  supported  by  Sandia  National  Laboratories  under 
Department  of  Energy  Contract  No.  DE-AC04-76-DP00789. 

T9. 6 

EQUILIBRIUM  SIZE  AND  SHAPE  OF  RANDOM  AGGREGATES. 

H.  C.  AKPEZUE .  and  J .  STRINGER,  Electric  power 
research  Institute, Palo  Alto,  California  94303. 

Random  growth  patterns  can  be  observed  in  most 
physical  systems  that  have  evolved  as  a  result 
of  phase  transformation  reaction  or  diffusion. 
Thus  a  means  whereby  random  growth  phenomena  can 
be  fully  understood  and  characterised  is  a  topic 
of  continued  theoretical  and  practical  interest. 
During  random  aggregation,  the  center  of  mass  of 
the  growing  aggregate  moves  randomly  much  like  a 
random-walker.  The  mean  displacement  of  the 
center  of  mass  is  given  by: 

IrJ  -v 

And :  1 


Large-scale  computer  simulation  of  DLA  (s  n.  10^) 
indicate  D  is  different  from  the  original 
calculated  value  of  1.66  by  Sander  and  Witten 
based  on  cluster  size  of  t  3600.  From  equation  1 
I  r  |  •*  0  as  s  ■*  «  so  that  equation  2  can  only  be 
valid  over  certain  a  interval.  As  a  consequence, 
representations  1  and  2  appear  to  be  not  valid 
in  the  cases  of  large-scale  computer  simulation 
results!  The  compromise  can  be  recast  in  the 
form  of  the  question:  ARE  THERE  EQ0LI8RI0M  SIZES 
AND  SHAPES  (fractal  Dimensions)  IN  RANDOM 
AGGREGATION  T  Klnetically  and  thermodynamically, 
the  answer  is  yes.  The  kinetic  equation  that 
answers  this  intriguing  question  is  discussed  in 
terms  of  the  fractal  dimension  and  the 
parameters  associated  with  the  phenomena  of  the 
random-walking  center  of  mass. 

T9. 7 

SELF-ORDERING  AND  KINETICS  OF  EXCITATIONS  IN 
LOW  DIMENSIONS  AND  DISORDERED  MEDIA.  Raoul 
Kopelman,  Lola  W.  Anacker,  Panos  Argyrakis,  Eric  Clement, 
Laurel  Hannon,  Li  Li,  James  S.  Newhouse,  Stephen  J.  Parus, 
and  Rodney  Schoonover,  Department  of  Chemistry,  The 
University  of  Michigan,  Ann  Arbor,  MI,  48109-1055;  and 
Leonard  Sander,  Department  of  Physics,  The  University  of 
Michigan,  Ann  Arbor,  MI  48109-1120. 


Diffusion-limited  reaction  kinetics  becomes  anomalous  not  only 
for  fractals,  with  their  anomalous  diffusion,  but  also  for  low¬ 
dimensional  (one  and  two)  and  disperse  media,  where  the 
random  walk  is  compact.  We  focus  on  annihilation, 
recombination  and  trapping  reactions  under  non-equilibrium 
steady  state  (steady  source)  or  batch  (big  bang)  conditions.  The 
typical  reactions  are:  A  +  A  — >  Products,  A  +  B  -»  Products  and 
A  +  C  -»  C  +  Products.  We  are  interested  in  the  global  rate 
laws,  and  their  relation  to  particle-particle  distributions  (e.g., 
pair-correlation  and  nearest-neighbor  distribution  functions) 
and  in  local  rate  laws  (if  definable).  Anomalous  reaction 
kinetics  (more  than  classical  kinetics)  is  particularly  sensitive  to 
initial  conditions,  source  term  structure,  conservation  laws  (e.g., 
equal  densities  for  A  and  B),  excluded  volume  effects,  and 
medium  size,  dimensionality  and  anisotropy.  Analytical 
formalisms,  scaling  arguments,  computer  (ana  supercomputer) 
simulations  and  experiments  (on  chemical  and  physical 
reactions)  all  play  an  important  role  in  the  newly  emerging 
picture. 

1.  L.  W.  Anacker  and  R.  Kopelman,  Phys.  Rev.  Lett  §£,  289 

(1987). 

2.  J.  Prasad  and  R.  Kopelman,  Phys.  Rev.  Lett.  5S>  2103  (1987). 

3.  K.  Lindenberg,  B.  J.  West  and  R.  Kopelman,  Phys.  Rev.  Lett. 

fiQ,  1777  (1988). 

4.  R.  Kopelman,  SCIENCE  ML  1620  (1988). 

T9. 8 

FRACTAL-LIKE  EXCITON  FUSION  KINETICS  IN  DILUTE 
POLYMER  BLENDS.  Raoul  Kopelman,  Ching-Shan  Li  and 
Zhong-You  Shi,  Department  of  Chemistry,  The  University  of 
Michigan,  Ann  Arbor,  MI  48109-1055. 

Exciton-exciton  and  exdton-exdmer  triplet  fusion  kinetics  is 
monitored  in  medium  molecular  weight  PlVN/PMMA  films  with 
concentrations  from  0.005  to  100%  (weight),  at  temperatures  of 
77  to  300  K,  via  time  resolved  fluorescence  and  phosphorescence 
(10  ns  to  10  sec).  The  triplet-triplet  annihilation  is  bimolecular 
at  short  times  but  pseudo-monomolecular  at  long  times. 
Furthermore,  the  heterogeneity  exponent  (h)  is  0.5  for  isolated 
P1VN  chains,  zero  (classical)  for  pure  P1VN  and  "fractal-like” 
(0  <  h  <  0.5)  throughout  certain  concentration  regimes. 
However,  h  is  not  monotonic  with  blend  concentration  but 
rather  oscillates  between  zero  and  0.5.  Correlation  is  made  with 
morphology  changes  (phase  separation,  filamentation).  The 
long-lived  decays  ao  fit  stretched  exponentials,  with  a  parameter 
=  1  *  h.  Distinction  is  also  made  between  diffusion-limited  and 
reaction-limited  kinetic  regimes.  Furthermore,  the  blend 
topology  is  also  studied  with  the  aid  of  the  time-modulation 
technique,  in  which  the  time-decays  are  obtained  for  different 
excitation  durations,  i.e.,  single  pulse  vs.  cw  or  multiple-pulse 
laser  excitation,  but  with  equal  global  exdton  densities  at  the 
start  (t  =  0)  of  the  decays.  As  expected,  the  triplet  exdton 
kinetics  is  dominated  by  short-range  hops  (about  5  A)  and  thus 
monitors  the  primary  topology  of  the  chains.  At  concentrations 
below  0.01%,  the  exdtons  are  constrained  to  a  truly  one¬ 
dimensional  topology.  At  higher  concentrations  there  is  a 
fractal-like  topology. 

T9. 9 

GROWTH  PROBABILITY  DISTRIBUTION  OF  DISCONTI- 
NUOUSLY  BRANCHING  TREE  MORPHOLOGY  DEVELOPED  AT 
AgCo/NaCl  INTERFACE  BY  ION  IRRADIATION.  B.X.Liu, 
Center  of  Condensed  Matter  and  Radiation  Physics 
CCASTIWorld  Lab. ) .Beijing  and  Dept,  of  Materials 
Science  and  Engineering , Tsinghua  University , Bei¬ 
jing  100084 .CHINA;  and  C.H.Shang,  Dept,  of  Mate¬ 
rials  Science  and  Engineering, Tsingua  University, 
Beijing  100084,  CHINA. 

Discontinuously  branching  tree  morphology  ( DBTM ) 
is  a  new  class  of  fractal  structure  having  many 
common  features  with  the  lattice  animals.  Unlike 
all  the  previous  observed  fractal  objects,  DBTM 
patterns  are  composed  of  seperated  chain-like 
single-crystalline  NaCl  particles.  Each  DBTM  can 
be  viewed  as  a  two-dimensional  tree,  which  ex¬ 
tends  to  a  scale  of  100  with  self-similarity. 
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The  scaling  structures  of  the  growth  probability 
distribution  were  studied  by  putting  a  DBTM  pat¬ 
tern  in  the  Laplace  field,  and  then  measuring 

the  growth  probability  as  P(  r,  t )  ~  r ,  t  )|  . 

The  generalized  dimensions  D(q)  with  qf(-10,10), 
and  the  f-*  formalism  were  also  calculated  to 
unravel  the  properties  of  the  dynamic  growth 
process. 
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SESSION  Ul:  CEMENTITIOUS  MATERIALS  - 
ASPECTS  OF  PERFORMANCE 
Chairs:  Paul  Brown 

Monday  Morning,  November  27 
America  North  (W) 

8:15  OPENING  REMARKS 

8:30  Ul.l 

NUCLEAR  WASTE  IMMOBILIZATION  IN  CEMENT-BASED 
MATERIALS:  OVERVIEW  OF  FRENCH  STUDIES, 

Pascal  Bouniol,  Eliane  Revertegat,  Jean 
Oliver,  Philippe  Gegout,  Michel  Jorda  and 
Rosemarie  Atabek.  C.E.A,  DRDD/SESD ,  CEN/FAR, 
Fontenay  aux  Roses,  France. 

9:00  U1.2 

EFFECT  OF  CURING  TEMPERATURE  ON  THE  PROPER¬ 
TIES  OF  CEMENTITIOUS  WASTE  FORMS,  Rvan  O. 
Lokken .  John  W.  Shade  and  Paul  F.C.  Martin, 
Battelle-Pacif ic  Northwest  Laboratory, 
Richland,  WA. 

9:30  U1.3 

BEHAVIOR  OF  CONCRETE  AS  A  BARRIER  MATERIAL 
FOR  NUCLEAR  WASTE  DISPOSAL,  R.J.  James  and 
Y.R.  Rashid,  ANATECH  Research  Corporation, 
La  Jolla,  CA. 

9:45  U1.4 

GROUTS  AND  CONCRETES  FOR  THE  WASTE  ISOLATION 
PILOT  PROJECT  (WIPP),  Lillian  D.  Wakelev. 
U.S.  Army  Engineer  Waterways  Experiment 
Station,  Vicksburg,  MS. 

10:00  BREAK 

SESSION  U2 :  CEMENTITIOUS  MATERIALS.  - 
ASPECTS.  OF  .DURABILITY 
Chair:  William  Richmond 

Monday  Morning,  November  27 
America  North  (W) 

10:30  *U2 . 1 

ASSESSMENT  OF  THE  PERFORMANCE  OF  CEMENT 
BASED  COMPOSITE  MATERIAL  FOR  RADIOACTIVE 
WASTE  IMMOBILIZATION,  M.  Atkins,  J.  Cowie, 
F .  P .  Glasser.  T.  Jappy,  A.  Kindness  and  C. 
Pointer,  University  of  Aberdeen,  Department 
of  Chemistry,  Aberdeen,  Scotland. 

11:00  U2.2 

DURABLE  CONCRETE  FOR  A  WASTE  REPOSITORY- 
MEASUREMENT  OF  IONIC  INGRESS,  R.F.  Feldman. 
J.J.  Beaudoin,  Institute  for  Research  in 
Construction,  National  Research  Council, 
Ottawa,  Canada;  and  K.E.  Philipose,  Atomic 
energy  of  Canada,  Ltd.,  Waste  Management 
Systems,  Ontario,  Canada. 

♦Invited  Paper 


11:30  U2.3 

LOGNORMAL  SIMULATION  OF  PORE  EVOLUTION 
DURING  CEMENT  HARDENING,  D.  Shi.  W.  Ma  and 
P.W.  Brown,  The  Pennsylvania  State  Univer¬ 
sity,  Materials  Research  Laboratory,  Univer¬ 
sity  Park,  PA. 

11:45  U2.4 

MECHANISTIC  MODEL  FOR  THE  DURABILITY  OF 
CONCRETE  BARRIERS  EXPOSED  TO  SULPHATE-BEAR¬ 
ING  GROUNDWATERS,  Alan  Atkinson  and  John  A. 
Hearne,  Harwell  Laboratories,  Materials 
Development  Division,  Oxon,  United  Kingdom. 

SESSION  U3 :  SORPTION  AND 
SPECIATION  STUDIES 
Chair:  Greg  Choppin 

Monday  Afternoon,  November  27 
America  North  (W) 

1:30  U3.1 

THE  SOLUBILITY  AND  SORPTION  OF  URANIUM  (VI) 
IN  A  CEMENTITIOUS  REPOSITORY,  M.  Brownsword, 
A.B.  Buchan,  F.T.  Ewart,  R.  McCrohon,  G.J. 
Ormerod,  J.L.  Smith-Briggs  and  H.P. 
Thomason,  Harwell  Laboratory,  Chemistry 
Division,  Oxfordshire,  United  Kingdom. 

1:45  U3.2 

SPECIATION  OF  Pu(VI)  IN  NEAR-NEUTRAL  TO 
BASIC  SOLUTIONS  VIA  LASER  PHOTOACOUSTIC 
SPECTROSCOPY,  S.  Okajima,  J.V.  Beitz,  J.C. 
Sullivan  and  D.T.  Reed.  Argonne  National 
Laboratory,  Argonne,  IL. 

2:00  U3.3 

MODELLING  STUDIES  OF  SORPTION  IN  THE  NEAR 
FIELD  OF  A  CEMENTITIOUS  REPOSITORY,  ^ 
Haworth .  S.M.  Sharland  and  C.J.  Tweed, 
UKAEA,  Harwell  Laboratory,  Theoretical 
Physics  Division,  Oxfordshire,  United  King¬ 
dom. 

2:30  U3.4 

EVIDENCE  OF  LONG  DISTANCE  TRANSPORT  OF 
NATURAL  COLLOIDS  IN  A  CRYSTALLINE  ROCK 
GROUNDWATER,  W.R.  Alexander.  R.  Bruetsch,  C. 
Degueldre,  Paul  Scherrer  Institute,  Villin- 
gen,  Switzerland;  and  B.  Hofmann,  USGS, 
Denver,  CO. 

3:00  U3.5 

ANALYTIC  STUDIES  OF  COLLOID  TRANSPORT,  Y. 
Hwang,  T.H.  Piaford,  P.L.  Chambr§,  and 
W.W.-L.  Lee,  University  of  California, 
Berkeley,  Department  of  Nuclear  Engineering 
and  Lawrence  Berkeley  Laboratory,  Berkeley, 
CA. 

3:15  BREAK 
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SESSION  U4  :  CEMEN'TITIOUS  MATERIALS  - 
ASPECTS  OF  LEACHING 
Chair:  William  Bostick 
Monday  Afternoon,  November  27 
America  North  (W) 

3:30  *U4 . 1 

THE  MICROSTRUCTURE  OF  ggbfs/OPC  HARDENED 
CEMENT  PASTES  AND  SOME  EFFECTS  OF  ELEVATED 
TEMPERATURE  LEACHING,  I.G.  Richardson.  S.A. 
Rodger  and  G.W.  Groves,  University  of  Ox¬ 
ford,  Department  of  Metallurgy  and  Science 
of  Materials,  Oxford,  United  Kingdom. 

4:00  U4.2 

THE  EFFECTS  OF  TEMPERATURE  ON  THE  LEACHING 
BEHAVIOR  OF  CEMENT  WASTE  FORMS,  Mark 
Fuhrmann .  Richard  Pietrzak,  John  Heiser  III, 
Eena-Mai  Franz  and  Peter  Colombo,  Brookhaven 
National  Laboratory,  Radiological  Sciences 
Division,  Nuclear  Waste  Research  Group,  Up¬ 
ton,  NY . 

4:15  U4.3 

THERMODYNAMIC  MODELING  OF  CEMENTITIOUS  WASTE 
FORM/GROUNDWATER  INTERACTION  AS  A  TOOL  FOR 
LONG-TERM  PERFORMANCE  ASSESSMENT,  Louise  J. 
Criscenti  and  R.  Jeff  Serne,  Battelle-Paci- 
fic  Northwest  Laboratory,  Richland,  WA. 

4:30  U4.4 

WASTE  GROUT  LEACH  TESTS:  PURSUIT  OF  MECHAN¬ 
ISMS  AND  DATA  FOR  LONG-TERM  PERFORMANCE 
ASSESSMENT,  R.  Jeff  Serne.  Battelle-Pacif ic 
Northwest  Laboratory,  Richland,  WA. 

SESSION,  U5; _ MODELING. ,Tfl£  0J.S SOLUTION  OF 

NUCLEAR  WASTE  FORMS 

Chairs:  Werne  Lutze  and  Carol  Jantzen 

Tuesday  Morning,  November  28 
America  North  (W) 

8:30  *U5 . 1 

THERMODYNAMICS  OF  GLASSES  FOR  NUCLEAR  WASTE 
DISPOSAL,  Alexandra  Navrotsky.  Princeton 
University,  Department  of  Geological  and 
Geophysical  Sciences,  Princeton,  NJ. 

9:00  U5.2 

A  KINETIC  MODEL  FOR  BOROSILICATE  GLASS 
DISSOLUTION  BASED  ON  THE  DISSOLUTION  AF¬ 
FINITY  OF  A  SURFACE  ALTERATION  LAYER, 
William  L.  Bourcier.  Dennis  W.  Peifer,  Kevin 
G.  Knauss,  Kevin  D.  McKeegan  and  David  K. 
Smith,  Lawrence  Livermore  National  Labora¬ 
tory,  Livermore,  CA. 

9:30  U5.3 

PREDICTION  OF  RADIOACTIVE  WASTE  GLASS  DUR¬ 
ABILITY  BY  THE  HYDRATION  THERMODYNAMIC 
MODEL:  APPLICATION  TO  SATURATED  REPOSITORY 
ENVIRONMENTS,  Carol  M.  Jantzen.  Westinghouse 
Savannah  River  Company,  Aiken,  SC. 

10:00  BREAK 


10:30  U5.4 

CHEMISTRY  OF  GLASS  CORROSION  IN  HIGH  SALINE 
BRINES,  B.  Grambow .  R.  Muller,  Hahn-Meitner- 
Institut  Berlin,  Berlin,  Germany. 

11:00  US. 5 

THERMOKINETIC  MODEL  OF  BOROSILICATE  GLASS 
DISSOLUTION:  CONTEXTUAL  AFFINITY,  T. 

Advocat .  E.  Vernaz,  CEN-Valrho,  SDHA , 
Bagnols-sur-Ceze ,  France;  J.L.  Crovisier  and 
B.  Fritz,  CNRS/CSGS ,  Strasbourg,  France. 

11:30  U5 . 6 

COMPARISON  OF  THE  LAYER  STRUCTURE  OF  VAPOR 
PHASE  AND  LEACHED  SRL  GLASS  BY  USE  OF  AEM , 

B. M.  Biwer.  J.K.  Bates,  T.A.  Abrajano  Jr., 
Argonne  National  Laboratory,  Argonne,  IL; 
and  J.P.  Bradley,  McCrone  Environmental 
Services,  Inc.,  Westmont,  IL. 

11:45  U5.7 

DISSOLUTION  MECHANISMS  OF  CaTi03  AND  OTHER 
TITANATE  PHASES  IN  THE  SYNROC  ASSEMBLAGE,  S^. 
Myhra .  D.K.  Pham,  Griffith  University, 
Division  of  Science  and  Technology,  Nathan, 
Qld ,  Australia;  R.  St.C.  Smart,  South  Austr¬ 
alian  Institute  of  Technology,  School  of 
Chemical  Technology,  Adelaide,  Australia; 
and  P.S.  Turner,  Griffith  University,  Divi¬ 
sion  of  Science  and  Technology,  Nathan,  Qld, 
Australia . 

SESSION  U6 :  WASTE  GLASS 
PERFORMANCE  STUDIES 

Chairs:  Ned  Bibler  and  Claude  Sombret 

Tuesday  Afternoon,  November  28 
America  North  (W) 

1:30  U6.1 

A  COMPARISON  OF  THE  BEHAVIOR  OF  VITRIFIED 
HLW  IN  REPOSITORIES  IN  SALT,  CLAY  AND  GRAN¬ 
ITE.  PART  II:  RESULTS,  W.  Lutze.  Hahn-Meit- 
ner-lnstitut ,  Berlin,  West  Germany;  M. 
Kawanishi,  Abico  Research  Laboratory,  Abico, 
Japan;  J.A.C.  Marples,  Harwell  Laboratory, 
Oxon,  United  Kingdom;  and  P.  Van  Iseghem, 
SCK/CEN ,  Mol,  Belgium. 

2:00  U6.2 

COMPARISON  OF  SURFACE  LAYERS  FORMED  ON 
SYNTHETIC  BASALTIC  GLASS,  FRENCH  R7T7  AND 
HMI  BOROSILICATE  NUCLEAR  WASTE  FORM  GLASSES 
-  MATERIALS  INTERFACE  INTERACTIONS  TESTS, 
Michael  J.  Jercinovic.  Stacy  Kaser ,  Rodney 

C.  Ewing,  University  of  New  Mexico,  Depart¬ 
ment  of  Geology,  Albuquerque,  NM;  and  Werner 
Lutze,  Hahn  Meitner  Institut,  Berlin,  West 
Germany . 

2:30  U6.3 

THE  INTERACTION  BETWEEN  NUCLEAR  WASTE  GLAS¬ 
SES  AND  CLAY-II ,  P.  Van  Iseghem.  K.  Berghman 
and  W.  Timmermans,  SCK/CEN,  Mol,  Belgium. 

3:00  BREAK 
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3 : 30  U6.4 

R7-T7  NUCLEAR  WASTE  GLASS  BEHAVIOR  IN  MOIST 
CLAY:  ROLE  OF  THE  CLAY  MASS/GLASS  SURFACE 
AREA  RATIO,  N.  Godon  and  E.  Vernaz,  CEN- 
Valrho,  SDHA/SEMC,  Bagnols-sur-Ceze,  France. 

4:00  U6.5 

PRODUCT  CONSISTENCY  LEACH  TESTS  OF  SAVANNAH 
RIVER  SITE  RADIOACTIVE  WASTE  GLASSES,  Ned  E. 
Bibler .  Westinghouse  Savannah  River  Company, 
Aiken,  SC;  and  John  K.  Bates,  Argonne  Na¬ 
tional  Laboratory,  Argonne,  IL. 

4:30  U6.6 

THE  REACTION  OF  SYNTHETIC  NUCLEAR  WASTE 
GLASS  In  STEAM  AND  HYDROTHERMAL  SOLUTION, 
W.L.  Ebert  and  J.K.  Bates,  Argonne  National 
Laboratory,  Argonne,  IL. 

SESSION  U7 :  POSTER  SESSION 
Tuesday  Evening,  November  28 
7:00  -  10:00  p.m. 

America  Ballroom  (W) 

117 .1  ESTIMATION  OF  LONGEVITY  OF  PORTLAND 

CEMENT  GROUT  USING  CHEMICAL  MODELING  TECH¬ 
NIQUES,  Stephen  R.  Alcorn.  Mark  A.  Gardiner, 
IT  Corporation,  Albuquerque,  NM;  and  William 
E.  Coons,  RE/SPEC,  Inc.,  Albuquerque,  NM. 

U7.2  MODELLING  OF  THE  EVOLUTION  OF 

POREWATER  CHEMISTRY  IN  A  CEMENTITIOUS  REPOS¬ 
ITORY,  A.  Haworth.  S.M.  Sharland  and  C.J. 
Tweed,  UKAEA,  Harwell  Laboratory,  Theoreti¬ 
cal  Physics  Division,  Oxfordshire,  United 
Kingdom. 

U7.3  A  THEORETICAL  STUDY  OF  THE  EFFECT 

OF  THE  LEACH  INTERVAL  ON  A  SEMIDYNAMIC  LEACH 
TEST,  Roger  D.  Spence.  Oak  Ridge  National 
Laboratory,  Oak  Ridge,  TN. 

U7.4  INTERACTION  BETWEEN  BLENDED  CEMENTS 

AND  A  SULPHATE  BEARING  GROUND  WATER,  Susan 
L.  Duerden.  Peter  L.  Walton,  and  Amal  J. 
Majumdar,  Building  Research  Station,  Wat¬ 
ford,  United  Kingdom. 

U7.S  (ABSTRACT  WITHDRAWN) 

U7.6  IMMOBILIZATION  IN  CEMENT  OF  ION 

EXCHANGE  RESINS,  Patrick  Le  Bescop,  Pascal 
Bouniol  and  Michel  Jorda.  CEN,  DRDD/SESD , 
CEN-FAR,  Fontenay  aux  Roses,  France. 

U7.7  ENCAPSULATION  OF  RADIOIODINE  IN 

CEMENTITIOUS  WASTE  FORMS,  Mark  Atkins  and 
Frederik  P.  Glasser,  University  of  Aberdeen, 
Department  of  Chemistry,  Aberdeen,  Scotland. 


UZ^.8  EFFECT  OF  7 -RADIATION  ON  THE  MICRO¬ 

STRUCTURE  AND  MICROCHEMISTRY  OF  ggbfs/OPC 
CEMENT  BLENDS,  I.G.  Richardson  and  G.W. 
Groves,  University  of  Oxford,  Department  of 
Metallurgy  and  Science  of  Materials,  Oxford, 
United  Kingdom;  and  C.R.  Wilding,  UKAEA 
Harwell  Laboratory,  Materials  Development 
Division,  Oxfordshire,  United  Kingdom. 

U7.9  HYDROGEN  GENERATION  IN  MORTARS 

IMMOBILIZING  WASTE  CHLORIDE  SALTS,  Michele 
A.; _ Lewis  and  David  W.  Warren,  Argonne  Na¬ 

tional  Laboratory,  Argonne,  IL. 

U7.10  POROSITY  AND  ION  DIFFUSIVITY  OF 
LATEX-MODIFIED  CEMENT,  T.  Nishi .  O. 
Kuriyama,  M.  Matsuda,  K.  Chino,  Hitachi 
Ltd.,  Energy  Research  Laboratory,  Hitachi, 
Japan;  and  M.  Kikuchi,  Hitachi  Ltd.,  Hitachi 
Works,  Hitachi,  Japan. 

U7.ll  A  COMPARISON  OF  THE  BEHAVIOUR  OF 
VITRIFIED  HLW  IN  REPOSITORIES  IN  SALT,  CLAY 
AND  GRANITE.  PART  I:  EXPERIMENTAL,  L.A. 
Mertens,  W.  Lutze,  Hahn-Meitner-Institut, 
Berlin,  West  Germany;  J.A.C.  Marples, 
Harwell  Laboratory,  Oxon,  United  Kingdom; 
and  P.  Van  Iseghem.  SCK/CEN,  Mol,  Belgium; 
E.  Vernaz,  CEA  Valrhd,  Bagnols-sur-Ceze, 
France. 

U7.12  IN-SITU  TESTING  OF  NUCLEAR  WASTE 
FORMS  IN  A  CLAY  LABORATORY  -  RESULTS  AFTER 
TWO  YEARS  CORROSION,  P.  Van  Iseahem.  W. 
Timmermans  and  B.  Neerdael,  SCK/CEN,  Mol, 
Belgium. 

U7.13  DISSOLUTION  KINETICS  OF  A  SIMPLE 
ANALOGUE  NUCLEAR  WASTE  GLASS  AS  A  FUNCTION 
OF  pH,  TIME  AND  TEMPERATURE,  Kevin  G. 
Knauss .  William  L.  Bourcier,  Kevin  D. 
McKeegan,  Celia  I.  Merzbacher,  Son  N. 
Nguyen,  Frederick  J.  Ryerson,  David  K.  Smith 
and  Homer  C.  Weed,  Lawrence  Livermore  Na¬ 
tional  Laboratory,  Livermore,  CA. 

U7.14  HYDROTHERMAL  LEACHING  OF  R7-T7 
BOROSILICATE  GLASS,  J.  Caurel  and  E.  Vernaz, 
CEN-Valrho,  SDHA/SEMC,  Bagnols-sur-Ceze, 
France;  D.  Beaufort,  University  de  Poitiers, 
Laboratoire  de  Petrologie  des  Alterations 
Hydrothermales ,  Poitiers,  France. 

U7.15  EFFECTS  OF  SURFACE-AREA-TO-SOLUTION 
VOLUME  RATIO  ON  THE  CHEMICAL  DURABILITY  OF 
NUCLEAR  WASTE  GLASSES,  X.  Feng.  I.L.  Pegg, 
Aa.  Barkatt,  P.B.  Macedo,  catholic  Univer¬ 
sity  of  America,  Vitreous  State  Laboratory, 
Washington,  DC. 
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U7.16  ALTERATION  OF  MICROSTRUCTURE  AND 
LEACHING  PROPERTIES  OF  WEST  VALLEY  REFERENCE 
BY  HEAT  TREATMENT,  A.C.  Buechele.  X.  Feng, 
H.  Gu,  and  I.L.  Pegg,  The  Catholic  Univer¬ 
sity  of  America,  Vitreous  State  Laboratory, 
Washington,  DC. 

U7.17  PARAMETRIC  EFFECTS  OF  GLASS  REAC¬ 
TION  UNDER  UNSATURATED  CONDITIONS,  J.K. 
Bates .  T.J.  Gerding  and  D.J.  Wronkiewicz, 
Argonne  National  Laboratory,  Argonne,  IL. 

U7.I8  GROWTH  RATES  OF  ALTERATION  LAYERS 
AND  ELEMENTAL  MASS  LOSSES  DURING  LEACHING  OF 
BOROSILICATE  NUCLEAR  WASTE  GLASS,  Tsunetaka 
Banba  and  Takashi  Murakami,  Japan  Atomic 
Energy  Research  Institute,  Ibaraki,  Japan. 

U7.19  CHARACTERIZATION  OF  HIGHLY  ACTIVE 
WASTE  GLASSES  PRODUCED  IN  A  HOT  VITRIFICA¬ 
TION  PLANT,  J.P.  Glatz ,  E.  Toscano,  VU 
Coquerelle  and  J.  Fuger,  Institute  for 
Transuranium  Elements,  Commission  of  the 
European  Communities,  Karlsruhe,  West  Ger¬ 
many. 

U7.20  THE  LONG-TERM  CORROSION  AND  MODEL¬ 
LING  OF  TWO  SIMULATED  BELGIAN  REFERENCE 
HIGH-LEVEL  WASTE  GLASSES  -  PART  II,  J^. 
Patvn .  P.  Van  Iseghem,  W.  Timmermans, 
SCK/CEN ,  Mol,  Belgium. 

U7.21  SIMULTANEOUS  EVAPORATION  OF  Cs  AND 
TC  DURING  VITRIFICATION  -  A  THERMOCHEMICAL 
APPROACH,  H.  Miqqe .  Hahn-Meitner-Institut , 
Berlin,  West  Germany. 

U7-22  THE  EFFECT  OF  TEMPERATURE  ON  THE 
REDOX  CONSTRAINTS  FOR  THE  PROCESSING  OF 
HIGH-LEVEL  NUCLEAR  WASTE  INTO  A  GLASS  WASTE 
FORM,  Henry  D.  Schreiber .  Charlotte  W. 
Schreiber,  Margaret  W.  Riethmiller  and  J. 
Sloan  Downey,  Virginia  Military  Institute, 
Center  for  Glass  Chemistry,  Lexington,  VA. 

U7.23  CALCULATION  OF  THE  VISCOSITY  OF 
NUCLEAR  WASTE  GLASS  SYSTEMS,  Ritesh  P.  Shah. 

E. C.  Behrman  and  D.  Oksoy,  Alfred  Univer¬ 
sity,  New  York  State  College  of  Ceramics, 
Alfred,  NY. 

U7.24  CHARACTERIZATION  OF  MECHANICAL 
STRENGTHS  FOR  SIMULATED  SOLIDIFIED  HIGH 
LEVEL  WASTE  FORMS,  Hiroshi  Iaarashi .  Takeshi 
Takahashi,  Power  Reactor  and  Nuclear  Fuel 
Development  Corporation,  Ibaraki,  Japan. 

U7.2S  DIFFUSION  OF  CESIUM  IN  SODIUM- 
BOROSILICATE  GLASSES  USED  FOR  IMMOBILISATION 
OF  NUCLEAR  WASTE,  E.G.F.  Sengers  and 

F. J.J.G.  Janssen.  N.V.  Kema,  R&D  Division, 
Chemical  Research  Department,  Et  Arnhem,  The 
Netherlands. 


U7.26  ENTHALPIES  OF  MIXING  AND  INCIPIENT 
IMMISCIBILITY  IN  GLASSES  IN  THE  SYSTEM  K20- 
Si02-La203,  A.J.G.  Ellison  and  A.  Navrotsky, 
Princeton  University,  Department  of  Geologi¬ 
cal  and  Geophysical  Sciences,  Princeton,  NJ. 

U7.27  GRAIN  BOUNDARY  INVENTORY  AND  U02 
MATRIX  DISSOLUTION  STUDIES  ON  SPENT  LWR 
FUEL,  W.J.  Gray.  D.M.  Strachan,  and  M.J. 
Apted,  Battelle-Pacif ic  Northwest  Labora¬ 
tory,  Richland,  WA. 

U7.28  IDENTIFICATION  OF  SECONDARY  PHASES 
FORMED  DURING  UNSATURATED  REACTION  OF  U02 
WITH  EJ-13  WATER,  J.K.  Bates.  B.S.  Tani  and 
E.  Veleckis,  Argonne  National  Laboratory, 
Argonne,  IL. 

U7.29  INVESTIGATIONS  INTO  THE  ELECTRO¬ 
CHEMICAL  LEACHING  BEHAVIOUR  OF  U02  PELLETS 
IN  VARIOUS  SATURATED  SALT  SOLUTIONS,  Ch. 
Keilina .  P.-M.  Heppner  and  G.  Marx,  Free 
University  of  Berlin,  Institute  for  Inor¬ 
ganic  and  Analytical  Chemistry,  Radiochem. 
Division,  Berlin,  West  Germany. 

U7.30  A  DEFORMATION  AND  THERMODYNAMIC 
MODEL  FOR  HYDRIDE  PRECIPITATION  KINETICS  IN 
SPENT  FUEL  CLADDING,  R.B.  Stout.  University 
of  California,  Lawrence  Livermore  National 
Laboratory,  Livermore,  CA. 

U7.31  FLUORIDE  INFLUENCE  ON  ZIRCALOY-4 
CORROSION  IN  WATER  AS  A  FUNCTION  OF  pH, 
TEMPERATURE  AND  FLUORIDE  CONTENT,  N.H. 
Uziemblo  and  H.D.  Smith,  Battelle-Pacif ic 
Northwest  Laboratory,  Richland,  WA. 

U7.32  CORROSION  BEHAVIOR  OF  ZIRCALOY  IN 
AQUEOUS  MEDIA,  Anna  C.  Fraker  and  Jonice  S. 
Harris,  National  Institute  of  Standards  and 
Technology,  Gaithersburg,  MD. 

U7.33  POTENTIODYNAMIC  POLARIZATION  STUD¬ 
IES  OF  CANDIDATE  CONTAINER  MATERIALS  IN 
SIMULATED  TUFF  REPOSITORY  ENVIRONMENTS,  John 
A.  Beavers  and  Neil  G.  Thompson,  Cortest 
Columbus,  Inc.,  Columbus,  OH. 

U7. 34  MIGRATION  BEHAVIOR  OF  URANIUM 
SERIES  NUCLIDES  IN  ALTERED  QUARTZ-CHLORITE 
SCHIST,  T.  Ohnuki .  T.  Murakami,  K.  Sekine, 
N.  Yanase,  H.  Isobe  and  Y.  Kobayashi ,  Japan 
Atomic  Energy  Research  Institute,  Department 
of  Environmental  Safety  Research  Institute, 
Ibaraki,  Japan. 

U7.35  MIGRATION  OF  ANIONIC  SPECIES  OF 
RADIOACTIVE  COBALT  THROUGH  SOIL,  Toshihiko 
Ohnuki .  Japan  Atomic  Energy  Research  In¬ 
stitute,  Department  of  Environmental  Safety 
Resear c  Ibaraki,  Japan;  and  David  E. 
Robertso  Battelle-Pacif ic  Northwest  Labor¬ 
atory,  cnemical  Science  Department,  Rich¬ 
land,  WA. 
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U7. 36  STUDY  ON  RELATION  BETWEEN  MIGRATION 
BEHAVIORS  AND  CHEMICAL  FORMS  OF  COBALT, 
Shinzo  Ueta .  Naka  Nuclear  Development  Center 
of  Mitsubishi  Metal  Corporation,  Ibaraki, 
Japan;  and  Naotake  Katoh,  Kogakuin  Univer¬ 
sity,  Tokyo,  Japan. 

U7. 37  GRIMSEL  COLLOID  EXERCISE,  C  . 
Deaueldre .  Paul  Scherrer  Institute,  Villin- 
gen,  Switzerland. 

U7.38  AUTHIGENIC  CLAY  MINERALS  IN  THE 
RUSTLER  FORMATION.  WIPP  SITE  AREA,  NEW 
MEXICO,  Douglas  G.  Brookins.  University  of 
New  Mexico,  Department  of  Geology,  Albuquer¬ 
que,  NM;  Steven  J.  Lambert,  Sandia  National 
Laboratories,  Albuquerque,  NM;  and  David  B. 
Ward,  University  of  New  Mexico,  Albuquerque, 
NM . 

U7.39  IN  SITU  OBSERVATION  OF  THE 
ALPHA/BETA-CRISTOBALITE  TRANSITION  USING 
HIGH  VOLTAGE  ELECTRON  MICROSCOPY,  Annemarie 
Meike .  Lawrence  Berkeley  Laboratory,  Materi¬ 
als  and  Chemical  Sciences  Division,  Berk¬ 
eley,  CA;  and  William  Glassley,  Lawrence 
Livermore  National  Laboratory,  Earth 
Sciences  Division,  Livermore,  CA. 

U7.40  ESTIMATION  OF  LONG-TERM  DURABILITY 
OF  BENTONITE  FROM  THE  THERMAL  HISTORY  OF 
MURAKAMI  DEPOSIT,  JAPAN,  G.  Kamei .  T.  Arai, 
Y.  Yusa,  N.  Sasaki,  Power  Reactor  and 
Nuclear  Fuel  Development  Company,  Ibaraki, 
Japan;  H.  Takano,  Dia  Consultants  Company, 
Tokyo,  Japan. 

U7.41  DIFFUSION  OF  SODIUM  AND  COPPER  IN 
COMPACTED  SODIUM  BENTONITE  AT  ROOM  TEMPERA¬ 
TURE,  A.  Muurinen,  K.  Uusheimo  and  M.  Olin. 
Technical  Research  Centre  of  Finland,  React¬ 
or  Laboratory,  Espoo,  Finland. 

U7.42  THERMAL  BEHAVIOUR  OF  BACKFILL 
MA.TERIAL  FOR  A  NUCLEAR  FUEL  WASTE  DISPOSAL 
VAULT,  R.N.  Yona  and  A.M.O.  Mohamed,  McGill 
University,  Geotechnical  Research  Centre, 
Montreal,  Canada;  and  S.C.H.  Cheung,  Atomic 
Energy  of  Canada  Limited,  Whiteshell  Nuclear 
Research  Establishment,  Pinawa,  Canada. 

U7.43  A  COUPLED  CHEMICAL-MASS  TRANSPORT 
SUBMODEL  FOR  PREDICTING  RADIONUCLIDE  RELEASE 
FROM  AN  ENGINEERED  BARRIER  SYSTEM  CONTAINING 
HIGH-LEVEL  WASTE  GLASS,  B.P.  McGrail .  D.W. 
Engel,  M.J.  Apted,  A.M.  Liebetrau,  Battelle- 
Pacific  Northwest  Laboratory,  Richland,  WA; 
and  N.  Sasaki,  Power  Reactor  and  Nuclear 
Fuel  Development  Corporation,  Ibaraki-ken, 
Japan . 

U7.44  (ABSTRACT  WITHDRAWN) 


SESSION  U8  :  SPENT  FUF.T,  PERFORMANCE 
Chair:  Lars  Werme 

Wednesday  Morning,  November  29 
America  North  (W) 

8:00  *U8 , 1 

ACTINIDES  CHEMISTRY  AND  SPENT  FUEL  PERFORM¬ 
ANCE  STUDIES,  G.  Choppin 

8:30  U8.2 

OXIDATION  OF  U02  FUEL  BY  RADICALS  FORMED 
DURING  RADIOLYSIS  OF  WATER,  S.  Sunder.  D.W. 
Shoesmith,  Atomic  Energy  of  Canada  Limited, 
Whiteshell  Nuclear  Research  Establishment, 
Geochemistry  and  Waste  Immobilization  Divis¬ 
ion,  Pinawa,  Canada;  H.  Christensen, 
Studsvik  Energiteknik  AB,  Nyoping,  Sweden; 
N.H.  Miller  and  M.G.  Bailey,  Atomic  Energy 
of  Canada  Limited,  Whiteshell  Nuclear 
Research  Establishment,  Geochemistry  and 
Waste  Immobilization  Division,  Pinawa, 
Canada . 

9:00  U8.3 

CONSTRAINTS  BY  EXPERIMENTAL  DATA  FOR  MODEL¬ 
ING  OF  RADIONUCLIDE  RELEASE  FROM  SPENT  FUEL, 
B.  Grambow.  Hahn-Meitner-Institut  Berlin, 
Berlin,  West  Germany;  L.O.  Werme,  SKB, 
Stockholm,  Sweden;  R.  Forsyth,  Studsvik 
Energiteknik  AB,  Nykoping,  Sweden;  and  J. 
Bruno,  Royal  Institut  of  Technology,  Depart¬ 
ment  of  Inorganic  Chemistry,  Stockholm, 
Sweden . 

9:30  U8.4 

STATISTICAL  MODEL  FOR  GRAIN  BOUNDARY  AND 
GRAIN  VOLUME  OXIDATION  KINETICS  IN  U02  SPENT 
FUEL,  R.B.  Stout.  H.F.  Shaw,  University  of 
California,  Lawrence  Livermore  National 
Laboratory,  Livermore,  CA;  and  R.E. 
Einziger,  Batte 1 1 e-Pac i f i c  Northwest 
Laboratory,  Richland,  WA. 

9:45  U8.5 

MEASUREMENT  OF  SOLUBLE  NUCLIDE  DISSOLUTION 
RATES  FROM  SPENT  FUEL,  Charles  N.  Wilson, 
Ba  1 1 e 1 1 e - Paci f ic  Northwest  Laboratory, 
Richland,  WA. 

10:00  BREAK 

SESSION  U9 :  CONTAINER  AND 
FUEL  CLADDING  STUDIES 
Chair:  Sham  Sunder 

Wednesday  Morning,  November  29 
America  North  (W) 

10:30  U9.1 

THEORETICAL  MODELING  OF  CREVICE  AND  PITTING 
CORROSION  PROCESSES  IN  RELATION  TO  CORROSION 
OF  RADIOACTIVE  WASTE  CONTAINERS,  John  C. 
Walton .  Idaho  National  Engineering  Labora¬ 
tory,  Idaho  Falls,  ID. 
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11:00  U9.2 

CORROSION  PRODUCT  IDENTIFICATION  AND  RELA¬ 
TIVE  RATES  OF  CORROSION  OF  CANDIDATE  METALS 
IN  AN  IRRADIATED  AIR-STEAM  ENVIRONMENT, 
Donald  V.  Reed,  V.  Swayambunathan ,  Argonne 
National  Laboratory,  Argonne,  IL;  and 
Richard  A.  Van  Konynenbura.  Lawrence  Liver- 
mere  National  Laboratory,  Yucca  Mountain 
Project,  Livermore,  CA. . 


2  :  30  U10.4/T4 .4 

A  LAGRANGIAN  REACTIVE  TRANSPORT  SIMULATOR 
WITH  MULTIPLE  PATHS  AND  STATIONARY-STATES: 
CONCEPTS,  IMPLEMENTATION  AND  VERIFICATION, 
R.B.  Knapp.  University  of  California,  Lawr¬ 
ence  Livermore  National  Laboratory,  Earth 
Sciences  Department,  Livermore,  CA. 

2:45  BREAK 


11:15  U9.3 

A  STUDY  ON  FABRICATION  TECHNOLOGY  OF  CERAMIC 
OVERPACK  -  A  CONCEPTUAL  DESIGN  AND  FABRIAC- 
TION  OF  A  FULL  SCALE  CERAMIC  OVERPACK,  T. 
Teshima .  Y.  Karita,  NGK  Insulators,  Ltd., 
Nagoya,  Japan;  H.  Ishikawa  and  N.  Sasaki, 
Power  Reactor  and  Fuel  Development  Corpora¬ 
tion,  Ibaraki,  Japan. 

11:30  XJ9.4 

AN  INTERPRETATION  OF  THE  HIGH-STRESS,  LOW- 
TEMPERATURE  CRACKING  OF  ZIRCALOY-4  SPENT 
FUEL  CLADDING,  H.D.  Smith.  Battelle-Pacif ic 
Northwest  Laboratory,  Richland,  WA. 

11:45  U9-5 

A  CORROSION  LOCALIZATION  ASSESSMENT  OF  THE 
MILD  STEEL  USED  FOR  NUCLEAR  WASTE  PACKAGE, 
Masatsune  Akashi .  Ishikawa jima-Harima  Heavy 
Industries  Company,  Ltd.,  Research  In¬ 
stitute,  Tokyo,  Japan. 

SESSION  U1C/T4  : _ JOI  NT, SESSION 

SIZING  .AND  SCALING  SF-FECTS 
Chairs:  Jim  Kaufman  and  Virginia  Oversby 

Wednesday  Afternoon,  November  29 
America  North  (W) 


1 : 30 

FRACTAL  STRUCTURE  AND  DYNAMICS  OF  TWO  FLUID 
FLOW  IN  POROUS  MEDIA,  Jens  Feder .  University 
of  Oslo,  Department  of  Physics,  Oslo,  Nor¬ 
way  . 


2:00  U10.2/T4.2 

NUMERICAL  AND  ANALYTICAL  MODELS  OF  TRANSPORT 
IN  POROUS  CEMENTITIOUS  MATERIALS,  Edward  J. 
Garboczi  and  Dale  P.  Bentz,  National  In¬ 
stitute  of  Standards  and  Technology,  Build¬ 
ing  Materials  Division,  Gaithersburg,  MD. 


2:15  UJtQ.3/T4*3 

SIZING  REQUIREMENTS  FOR  FLOW-THROUGH  GEOCHE¬ 
MICAL  TESTS:  THEORETICAL  CONSIDERATIONS, 
MODEL  RESULTS,  AND  IMPLICATIONS  FOR  THE 
INTERPRETATION  OF  TEST  DATA,  J.D.  Hoover  and 
E.C.  Thornton,  Westinghouse  Hanford  Company, 
Richland,  WA. 


3:15  U10.5/T4.5 

FRACTAL  CHARACTERISTICS  OF  FRACTURE  NETWORKS 
AND  FLUID  MOVEMENT  IN  ROCK,  Christopher  C. 
Barton .  U. S . Geological  Survey,  Department  MS 
913,  Denver,  CO. 

3:45  U10.6/T4.6 

FLOW  TO  WELLS  IN  FRACTURED  ROCK  WITH  FRACTAL 
STRUCTURE,  Jim  Polek.  Kenzi  Karasaki  and 
Jane  Long,  Lawrence  Berkeley  Laboratory, 
Berkeley,  CA;  and  John  Barker,  British 
Geological  Survey,  Oxfordshire,  United 
Kingdom. 

4:00  U10.7/T4.7 

ANISOTROPIC  SCALING  OF  INTERFACES  IN  POROUS 
MEDIA,  Miguel  A.  Rubio,  Haverford  College, 
Department  of  Physics,  Haverford,  PA;  and 
UNED,  Madrid,  Spain;  Andrew  Dougherty . 
Haverford  College,  Department  of  Physics, 
Haverford,  PA;  and  Jerry  P.  Gollub,  Haver¬ 
ford  College,  Department  of  Physics,  Haver¬ 
ford,  PA;  and  University  of  Pennsylvania, 
Philadelphia,  PA. 

4:15  U10.B/T4.8 

SIZING  AND  SCALING  REQUIREMENTS  OF  A  LARGE- 
SCALE  PHYSICAL  MODEL  FOR  CODE  VALIDATION, 
Khaleel .  T.  LeGore  and  J.D.  Hoover,  West¬ 

inghouse  Hanford  Company,  Richland,  WA. 

4 : 30  U10.9/T4.9 

PERFORMANCE  OF  CONCRETE  BARRIERS  IN  RADIOAC¬ 
TIVE  WASTE  DISPOSAL  IN  THE  UNSATURATED  ZONE, 
John  C.  Walton  and  Mark  D.  Otis,  ID  National 
Engineering  Laboratory,  Idaho  Falls,  ID. 

SESSION  Ull :  NEAR-FIELD  STUDIED  AND 
PERFORMANCE  ASSESSMENT 
Chair:  Henry  Shaw 

Thursday  Morning,  November  30 
America  North  (W) 

8:30  Ull.l 

LEACHING/MIGRATION  OF  U02-FUEL  IN  COMPACTED 
BENTONITE,  Y.  Albinsson.  G.  Skarnemark,  M. 
Skalberg,  Chalmers  University  of  Technology, 
Department  of  Nuclear  Chemistry,  Goteborg, 
Sweden;  R.  Forsyth,  Studsvik  AB,  Nykoping, 
Sweden;  B.  Torstenfelt,  ABB-Atom,  Vasteras, 
Sweden;  L.  Werme ,  Swedish  Nuclear  Fuel  and 
Waste  Management,  Stockholm,  Sweden. 


660 


9:00  U11.2 

MODELLING  THE  IN  SITU  PERFORMANCE  OF  BEN¬ 
TONITE-SAND  BUFFER,  H.S.  Radhakrishna .  K.-C. 
Lau,  Ontario  Hydro  Research  Division,  Toron¬ 
to,  Canada;  B.H.  Kjartanson  and  S.C.H. 
Cheung,  Atomic  Energy  of  Canada  Ltd.,  White- 
shell  Nuclear  Research  Establishment,  Pina- 
wa,  Canada. 

9:15  U11.3 

THE  EFFECT  OF  CRACKS  ON  DIFFUSIVE  MASS 
TRANSPORT  THROUGH  A  CLAY  BARRIER,  Nava  C. 
Garisto  and  Frank  Garisto,  Atomic  Energy  of 
Canada  Ltd.,  Whiteshell  Nuclear  Research 
Establishment,  Pinawa,  Canada. 

9:30  U11.4 

FINAL  DISPOSAL  OF  CEMENTITIOUS  WASTE  FORMS 
IN  THE  SWEDISH  REPOSITORY  FOR  REACTOR  WASTE 
( SFR ) ,  Jan  S.  Carlsson .  Swedish  Nuclear  Fuel 
and  Waste  Management  Company,  ( SKB ) ,  Stock¬ 
holm,  Sweden. 

9:45  U11.5 

MASS  TRANSFER  IN  WATER-SATURATED  CONCRETES , 
Alan  Atkinson.  Peter  A.  Claisse,  Nicola  M. 
Everitt,  Andrew  W.  Harris  and  Alan  K. 
Nickerson,  Harwell  Laboratories,  Materials 
Development  Division,  Oxon,  United  Kingdom. 

10:00  BREAK 

10:30  U11.6 

COUPLED  FLOW  OF  HEAT  AND  MASS  IN  BARRIER 

MATERIALS  AND  ITS  SIGNIFICANCE,  S.C.H. 
Cheung .  Atomic  Energy  of  Canada  Ltd.,  White- 
shell  Nuclear  Research  Establishment,  Pina¬ 
wa,  Canada. 

10:45  U11.7 

EFFECTIVE  DIFFUSIVITY  OF  CARBON  DIOXIDE  AND 
IODINE  THROUGH  "G  TUNNEL  TUFF",  Tevf ik 

Bardakci .  Franklin  G.  King  and  Maung  Sein, 
North  Carolina  A&T  State  University,  Greens¬ 
boro,  NC. 

11:00  U11.8 

14C  TRANSPORT  IN  A  PARTIALLY  SATURATED, 
FRACTURED,  POROUS  MEDIUM,  W.  B.  Light,  P.L. 
Chambre,  W.W.-L.  Lee  and  T.H.  Piqford. 
University  of  California,  Berkeley,  Depart¬ 
ment  of  Nuclear  Engineering  and  Lawrence 
Berkeley  Laboratory,  Berkeley,  CA. 

11:15  UJ.1,_3 

THE  APPLICATION  OF  A  COUPLED  CHEMICAL  TRANS¬ 
PORT  MODEL  IN  A  TRIAL  ASSESSMENT  OF  DEEP 
DISPOSAL  OF  LOW  AND  INTERMEDIATE  LEVEL 
RADIOACTIVE  WASTE,  Steve  Liew.  Vea  Economi- 
des,  Adrian  Dawes  and  David  Read,  WS  Atkins 
Engineering  Sciences,  Epsom,  United  Kingdom. 


11:30  U11.10 

ANALYSIS  OF  MASS  TRANSPORT  IN  AN  ENGINEERED 
BARRIERS  SYSTEM  FOR  THE  DISPOSAL  OF  USED 
NUCLEAR  FUEL,  Nava  C.  Garisto  and  Dennis  M. 
LeNeveu,  Atomic  Energy  of  Canada  Ltd., 
Whiteshell  Nuclear  Research  Establishment, 
Pinawa,  Canada. 

11:45  Ull.ll 

ATTEMPTED  VERIFICATION  OF  MATRIX  DIFFUSION 
IN  GRANITE  BY  MEANS  OF  NATURAL  DECAY  SERIES 
DISEQUILIBRIA,  W.R.  Alexander.  Paul  Scherrer 
Institute,  villingen,  Switzerland;  I.G. 
McKinley,  NAGRA,  Baden,  Switzerland;  A.B. 
MacKenzie,  R.D.  Scott,  SURRC,  Glasgow, 
Scotland;  and  J.  Meyer,  Min. -pet.  Institute, 
University  of  Berne,  Berne,  Switzerland. 
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ui  .1 


NUCLEAR  WASTE  IMMOBILIZATION  IN  CEMENT-BASED 
MATERIALS:  OVERVIEW  OF  FRENCH  STUDIES,  Pascal  Bouniol, 
Eliane  Revenegate,  Jean  Oliver,  Philippe  Gegout,  Michel  Jorda,  Rosemarie 
Alflbck.  C.E.A.,  DRDD/SESD,  CEN/FAR,  92265  Fontenay  aux  Roses 
Cedex. 


Cement-based  materials  are  currently  used  in  France  for  solidification  of 
highly-sah-ladened  concentrates  and  ashes  and  for  embedment  of  solid 
wastes.  In  the  first  case,  the  waste  forms  are  considered  to  be 
"homogeneous"  and  are  submitted  to  leach  tests  to  evaluate  radionuclide 
behavior.  In  the  case  of  solid  wastes,  the  whole  package  is  regarded  as  a 
"heterogeneous  waste  form"  and  radionuclide  confinement  is  ensured  by  an 
outer  cover  of  pure  mortar  and  measured  using  diffusion  cells.  In  both 
cases  the  durability  function  is  devolved  to  the  concrete  container  and  the 
waste  package  must  abide  by  ANDRA  specifications  for  Low  Level  Waste 
disposal. 

An  overview  of  the  different  problems  to  be  solved  is  presented.  Examples 
of  cemem-based  matrices  used  to  immobilize  concentrates  (containing  F‘, 
Cl',  SO4-,  NO3',  Na+  and  trace  species)  and  phosphate  ashes  are  given  in' 
relation  to  cement  chemistry.  It  was  demonstrated  that,  in  the  same  cases, 
phosphate  may  improve  waste  form  behavior.  Experimental  studies, 
undertaken  to  assess  concrete  durability  obviously  indicated  that  pH  is  the 
starting  parameter  of  chemical  degradation  reactions.  Ion  nature  (such  as 
Cl',  SC>4=,  HCO3VCO3-)  and  concentration  are  secondary  factors  which 
only  act  on  kinetics. 

It  was  found  that  slag  and  fly  ash  cement  has  a  better  cesium  retention 
ability  and  stronger  resistance  to  chloride  and  sulfate  attack  than  portland 
cement. 

U1.2 

EFFECT  OF  CURING  TEMPERATURE  ON  THE  PROPERTIES  OF  CEMENTI¬ 
TIOUS  WASTE  F0RMSlj).  Ryan  0.  Lokken .  John.  w.  Shade,  and 
Paul  F.  C.  Martin,  Pacific  Northwest  Laboratory'6! 

Richland.  WA  99352 . 

Current  plans  at  Hanford  for  disposing  various  low-leve’ 
liquid  wastes  include  solidification  using  cementitio^  ma¬ 
terials.  This  process,  known  as  grouting,  involves  mixing 
liquid  wastes  with  a  blend  of  cementitious  materials  and 
Pumping  the  resultant  slurry  to  lined,  underground  concrete 
vaults.  The  total  volume  of  the  vaults  is  approximately  1.4 
million  gallons.  As  the  grout  slurry  begins  to  solidify  and 
harden,  the  temperature  increases  due  to  the  exothermic  hy¬ 
dration  reactions.  Adiabatic  temperature  increases  of 
greater  than  70°C  have  been  measured  in  the  laboratory. 

With  a  starting  waste  temperature  of  45°C.  the  temperature 
of  the  grout  in  the  vaults  may  approach  115°C. 

a  study  is  currently  underway  to  assess  the  effects  of  long¬ 
term,  high-temperature  curing  on  the  properties  of  grouts 
produced  with  simulated  double-shell  slurry  feed  (OSSF) 
waste.  The  waste  was  a  salt  solution  containing  high  con¬ 
centrations  of  sodium  nitrate,  sodium  aluminate.  and  sodium 
hydroxide.  The  solids  blend  consisted  of  47  wt*  class  F  fly 
ash,  47  wtl  ground  blast  furnace  slag,  and  6  wt*  type  I / 1 1 
Portland  cement.  The  solids  were  mixed  with  the  liquid 
waste  at  a  ratio  of  1080  g/l.  Samples  of  laboratory-pro¬ 
duced  grout  samples,  cured  at  75.  85.  95,  120,  and  150'C, 
and  samples  cured  in  a  4000-gallon  monolith,  were  character¬ 
ized  by  scanning  electron  microscopy,  x-ray  diffraction,  and 
thermal  analysis  to  determine  the  effects  of  curing  tempera¬ 
ture  on  leachabi 1 ity .  microstructure,  phase  compositions, 
and  strength.  Results  of  these  activities  are  discussed. 


la)  Work  supported  by  the  U.S.  Department  of  Energy  under 
Contract  DE-AC-76RL0  1830. 

(b)  Operated  for  the  U.S.  Department  of  Energy  by  Battelle 
Memorial  Institute. 

Ul  .3 

“•HAVI0R  of  concrete  as  A  BARRIER  MATERIAL  for  NUCLEAR  WASTE 
CISPOSAl  P. ,  J .  James  and  Y.  R.  Rashid.  ANATECH  Research 
C  0  r  p .  ,  P.o.  Box  9165.  La  Jolla.  CA  92038. 

A  current  method  for  disposal  of  nuclear  waste  is  the 
immoDi 1 1 zation  of  the  waste  in  cement-based  grout  and  burial 
■n  reinforced  concrete  vaults.  The  concrete  vault  provides 
the  containment  barrier  to  prevent  leaching  into  the 


environment.  Because  of  heat  generation  in  the  waste,  the 
concrete  is  subjected  to  elevated  temperatures  for  the 
extent  of  the  vault  life.  Under  these  conditions  of 
elevated  temperatures  and  long  hold  times,  the  effects  of 
creep  and  cracking  in  concrete  play  a  significant  role  in 
determining  the  structural  and  barrier  integrity  of  the 
containment  structure.  Significant  amounts  of  compressive 
strain  due  to  creep  in  thermally  loaded,  confined  structures 
may  lead  to  split  cracking  due  to  the  Poisson  effect.  If 
thermal  gradients  are  present,  cracking  due  to  local  bending 
may  occur.  In  addition,  and  more  importantly  for 
temperatures  above  150  °F.  the  elastic  modulus  of  concrete 
degrades  with  time  even  at  constant  temperature  due  to 
thermally  activated  damage.  Since  the  stress  due  to  thermal 
loads  is  proportional  to  the  modulus,  this  requires 
continual  redistribution  of  load  that  may  lead  to  additional 
cracking . 

This  paper  examines  cracking  in  concrete  as  a  means  for 
evaluating  long  term  functional  requirements  under  barrier 
applications  for  nuclear  waste  disposal.  A  material  model 
for  concrete  at  elevated  temperatures,  including  cracking, 
thermal  creep,  and  stiffness  degradation,  has  been  developed 
based  on  available  experimental  data.  Application  of  this 
model  to  underground,  reinforced  concrete  structures  under 
thermal  loads  will  demonstrate  the  importance  of  creep  and 
stiffness  degradation  in  the  structural  design  for  barrier 
protection  under  extended  life  at  elevated  temperatures. 
The  importance  of  capturing  the  correct  temperature 
distributions  and  the  thermal  history  of  the  structure  in 
tne  analysis  will  also  be  demonstrated. 

Ul  -  4 

GROUTS  AND  CONCRETES  FOR  THE  WASTE  ISOLATION  PILOT  PROJECT 
(WIPP) .  mi ian  0.  Wakeley,  U.S.  Army  Engineer  WaLerways 
Experiment  Station,  P.O.  Box  631,  Vicksburg,  MS  39181-0631, 
USA 

The  Structures  Laboratory  of  the  U.S.  Army  Engineer 
Waterways  Experiment  Station  has  conducted  research  on 
cement-based  composites  for  the  Waste  Isolation  Pilot 
Project  (WIPP)  since  1977,  in  cooperation  with  Sandia 
National  Laboratories.  Field  testing  requirements  guided 
initial  development  of  grouts.  Concurrent  and  later 
laboratory  studies  explored  the  chemical  stability  and 
probable  durability  of  these  mixtures.  Beginning  in  1985,  a 
series  of  small-scale  seal  performance  tests  at  the  WIPP 
prompted  development  of  an  expansive  salt-saturated 
concrete.  Important  lessons  learned  from  this  ongoing  work 
include:  (1)  carefully  tailored  mixtures  can  tolerate  phase 
changes  Involving  Ca,  Al,  and  SO,,  without  loss  of 
structural  integrity;  (2)  handling  and  placement  properties 
are  probably  more  crucial  to  the  mixtures  than  is  exact 
Chemistry;  and  (3)  for  the  environment  of  a  geologic 
repository,  demonstrated  chemical  durability  will  be  the 
best  Indicator  of  long-term  performance. 

U2. 1 

ASSESSMEIT  OF  THE  PERFORKASCE  OF  CEMEIT  BASED  COMPOSITE 
MATERIAL  FOR  RADIOACTIVE  WASTE  IMMOBILIZATIOH.  M.  Atkins, 
J.  Cowle,  F.F.  Glasser.  T.  Jappy,  A.  Kindness  and  C.  Pointer, 
Dept,  of  Chemistry,  University  of  Aberdeen,  Meston  Walk,  Old 
Aberdeen,  AB9  2UE,  Scotland. 

The  problem  of  predicting  the  future  performance  of  cement- 
based  systems  Is  complicated  by  a  poor  understanding  of  the 
behaviour  of  cement  systems  at  long  ages,  as  well  as  of  the 
complex  Interactions  which  can  occur  between  cement  and  waste 
components  -  active  as  well  as  Inactive  -  and  with  cement 
blending  agents  Including  fly  ash,  glassy  slags  and  natural 
pozzolans.  The  progress  achieved  lb  developing  a  predictive 
capability  is  reviewed.  Considerable  success  has  been 
achieved  In  modelling  the  chemically-related  features  of 
cement  based  systems  In  terms  of  pH,  En,  and  of  element 
partition  between  solid  and  aqueous  phases.  The  behaviour 
of  model  radwaste  elements  -  Iodine  and  uranium  -  has  been 
studied  In  depth  and  Indicate  that  both  sorption  and 
precipitation  occur.  U(VI),  In  particular,  forms  solublllty- 
llmltlng  compounds  e.g.  6  uranophane.  But  in  general, 
presently-avallable  data  are  Inadequate  to  predict  many 
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cewent-waste  stress  Interactions,  even  for  the  Inorganic 
constituents;  future  progress  In  aodelling  Is  likely  to 
rely  heavily  on  additions  to  the  data  base. 

The  repository  envlronaeat  Hill  also  condition  chenlcal 
exchanges  In  cement-based  systeas.  Progress  Is  being  nade  In 
predicting  the  lspact  of  ground  Nater  components  -  Cl", 
S0„a",  COa  -  on  the  performance  of  ceaent  systens. 

U2 . 2 

DUPABLE  CONCRETE  FOR  A  WASTE  REPOSITORY  -  MEASUREMENT  OP 
IONIC  INGRESS.  R.F.  Feldman  and  J.J.  Beaudoin,  Institute 
for  Research  In  Construction,  National  Research  Council, 
Ottawa,  Canada;  and  K.E.  Phllipose,  Waste  Management 
Systems,  Atomic  Energy  of  Canada  Limited,  Chalk.  River, 
Ontario,  Canada,  KOJ  1J0. 

A  waste  repository,  labelled  Intrusion  Resistant  Under¬ 
ground  Structure  (IRUS),  for  the  belowground  disposal  of 
low  level  radioactive  waste,  is  planned  at  Chalk  River 
Nuclear  Laboratories.  It  relies  greatly  on  the  durability 
of  concrete  for  the  required  500  years  service  life.  A 
research  program  based  on  laboratory  testing  to  design  a 
durable  concrete  and  to  predict  its  useful  engineered 
service  life  is  in  progress. 

It  has  been  established  that  the  degradation  of  the  con¬ 
crete  will  depend  on  the  rate  of  ingress  of  corrosive 
agents  -  chlorides  and  sulphate  ions  and  C02 .  Twenty  mix 
formulations  were  developed  to  create  various  types  and 
qualities  of  concrete,  and  to  study  their  behaviour  in 
different  site  environmental  conditions.  A  total  of  1000 
concrete  and  500  cement  paste  specimens  vith  composition 
similar  to  the  concrete  binder  are  being  exposed  to  25 
different  combinations  of  the  corrosive  agents  at  20*C  and 
AST.  Procedures  to  measure  the  ionic  profiles  and  to 
determine  the  kinetics  of  diffusion  of  the  ions  in  the 
various  concretes  have  been  developed.  These  incorporate 
modifications  to  SEM  and  EDXA  techniques.  Initial  results 
from  these  measurements  will  be  presented  and  discussed  in 
terms  of  pore  structure  and  permeability  parameters  of  the 
concrete. 

U2.3 

LOGNORMAL  SIMULATION  OF  PORE  EVOLUTION  DURING 
CEMENT  HARDENING.  D.  Shi,  W.  Ma.  and  P.  W.  Brawn,  Maienals 
Research  Laboratory.  The  Pennsylvania  State  University 
University  Park,  PA  16802. 

Many  properties  ot  cement-based  systems  are  detemrSned  by  the 
pore  size  distribution.  Our  capability  to  predict  such  properties 
depends  on  our  capabllty  to  predict  pore  size  distributions,  olvsn 
some  basic  characteristics  of  the  cement  matrix,  in  terms  ot 
materials  chemistry,  preparation  and  processing. 

Preliminary  work  has  been  done  to  simulate  the  pore  evolution 
during  hardening  of  cement  paste,  based  on  a  five-parameter 
lognormal  model  ot  size  distribution  ot  pores  in  hardened  cement 
pastes.  For  cement  pastes  of  different  eoet  but  otherwise 

luonuoai,  mo  pert  «u  **  redwood  to  e  soys, 

sen-similar  distribution  curve,  in  terms  ot  a  dimensionless  size 
which  It  the  pore  diameter  divided  by  the  median  pore  diameter. 

The  location  parameter,  p,  Is  mdtoatve  of  the  curing  time,  while  the 
shape  parameter,  d,  may  be  related  to  other  factors,  such  as 
water-to-cement  ratio  and  cutlng  temperature. 

This  model  may  enable  us  to  quantity  the  relationships  among  the 
pore  size  distribution  of  cement  pasts,  the  outing  time,  the  curing 
temperature,  and  the  water-to-cement  ratio.  Therefore,  prediction 
of  the  pore  size  attribution  of  cement  pastes  besed  on  a  given  set 
of  curing  condWone  (time,  temperature,  water-to-cement  ratio) 
becomes  possible.  Furthermore,  this  model  may  help  predict 
properties  dependent  on  pore  structure,  such  as  permeability  and 
strength  of  hardened  cement  pestee,  by  relating  such  properties  to 
parameters  characteristic  of  the  pore  size  distribution,  p  and  o, 
rather  then  to  the  entire  datribuHon  of  sizes. 


U2.4 

MECHANISTIC  MODEL  FOR  THE  DURABILITY  OF  CONCRETE 
BARRIERS  EXPOSED  TO  SULPHATE-BEARING  GROUNDWATERS 
Alan  Atkinson  and  John  A  Hearne,  Materials  Development  Division, 
Building  429,  Harwell  Laboratory,  Oxon,  OXI1  ORA,  UK 

Concretes  are  favoured  materials  for  the  construction  of  radioactive  waste 
repositories  in  disposal  strategies  adopted  by  many  countries.  Their 
durability  as  structural  materials  and  as  physical  barriers  to  radionuclide 
migration  can  be  limited  by  their  reaction  with  sulphate-bearing 
groundwater.  In  such  a  situation  the  concrete  degrades  by  sulphate 
penetrating  the  concrete  where  it  reacts  with  the  hydrated  cement  to  form 
expansive  reaction  products  that  cause  stress  and  eventual  disruption. 

Data  obtained  from  old  concretes  and  accelerated  tests  have  enabled  an 
empirical  relationship  to  be  derived  to  describe  the  rate  of  this 
degradation,  but  this  relationship  is  not  founded  on  the  mechanism  of 
degradation  itself.  In  the  work  described  here  the  individual 
contributions  to  the  mechanism  have  been  examined  in  appropriate 
experiments  in  which  diffusion,  reaction  and  expansion  have  been 
quantified.  These  results  have  been  integrated  into  a  simple  overall  model 
in  which  the  criterion  for  degradation  is  the  accumulation  of  a  critical 
quantity  of  stored  elastic  energy  in  the  reaction  zone.  The  results  of  this 
mechanistic  model  are  in  good  quantitative  agreement  with  those  of  the 
empirical  model  and  enable  extrapolations  to  be  made  to  different 
concretes,  cements  and  sulphate-bearing  groundwaters. 

U3.1 

THE  SOLUBILITY  AND  SORPTION  OF  URANIUM (VI)  IN  A 
CEMENTITIOUS  REPOSITORY.  Brownsword,  M. , 

Buchan,  A  B. ,  Ewart,  F  T. ,  McCrohon ■  R. ■ 

Orraerod,  G  J.,  Smith-Briggs,  J  L.  and 
Thomason,  H  P.  Chemistry  Division,  Harwell 
Laboratory,  Oxfordshire,  0X11  ORA,  UK. 

In  the  context  of  UK  radioactive  waste  disposal, 
uranium  and  its  daughters  have  been  shown  to 
make  an  important  contribution  to  the  overall 
risk  assessment.  The  aqueous  chemistry  of 
uranium  in  the  near-field  is  complicated  by  the 
multiple  valency  states  that  may  exist,  under 
these  particular  conditions  of  pH  and  redox 
potential,  and  by  the  possible  formation  of  solid 
alkali  and  alkaline  earth  uranates.  The  research 
programme  in  support  of  the  repository  safety 
assessment  carries  out  studies  of  the  aqueous 
chemistry  of  uranium  that  include  the  aqueous 
speciation,  characterisation  of  the  solid  phases 
that  are  in  equilibrium  with  the  repository 
water,  measurement  of  the  solubility  of  these 
solids  and  determination  of  the  sorption  onto  the 
major  near  field  substrates. 

The  paper  describes  some  recent  results  of  these 
experimental  measurements  and  includes  a  study  of 
the  composition  of  the  sodium  and  calcium 
uranates  formed,  under  the  conditions  applicable 
to  the  near-field  of  a  cementitious  repository 
and  the  determination  of  their  solubilities. 
Measurements  of  the  sorption  of  uranium (VI)  onto 
a  slag  cement  and  onto  specimens  of  the  same 
slag  cement,  aged  artificially  using  hydrothermal 
and  leaching  treatments  are  also  described. 

U3.2 

SPECIATION  OF  Pu(VI)  IN  NEAR-NEUTRAL  TO  BASIC  SOLUTIONS  VIA 
LASER  PHOTOACOUSTIC  SPECTROSCOPY.*  S.  Okajlma,  J.  V.  Beltz, 
J.  C.  Sullivan,  and  0,  T.  Reed.  Argonne  National  Laboratory, 
9700  South  Cass  Avenue,  Argonne,  It  60439. 

The  high  sensitivity  technique  of  laser  photoacoustic 
spectroscopy  (LPAS)  in  combination  with  optical  absorption 
spectroscopy  was  applied  to  the  study  of  Pu(VI)  speciation 
in  systems  Important  to  their  migration  In  the  environment. 
Emphasis  was  on  the  hydroxo  species  formed  although 
additional  information  on  other  groundwater-relevant  ligands 
was  obtained.  Stability  constants  and  speciation  observed, 
based  on  the  spectra  obtained,  are  reported. 
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This  work  was  funded  In  part  by  developmental  funds  within 
Argonne  National  Laboratory  and  under  the  auspices  of  the 
Office  of  Basic  Energy  Sciences,  Division  of  Chemical 
Sciences,  U.S.  Department  of  energy,  under  contract 
number  W-31-109-ENG-38. 

U3.3 

MODELLING  STUDIES  OF  SORPTION  IN  THE  NEAR  FIELD  OF 
A  CEMENTITIOUS  REPOSITORY  A. Haworth,  S.M.Sharland 
and  C.J. Tweed,  Theoretical  Physics  Division, 

Harwell  Laboratory,  UKAEA,  Oxfordshire  0X11  ORA, 

U.K. 

Current  plans  for  a  low-  and  intermediate-level 
radioactive  waste  repository  in  the  UK  include  a 
cement  backfill.  Sorption  of  radionuclides  on  to 
cement  is  an  important  process  in  limiting  the 
aqueous  concentrations  in  the  near-field  and  is, 
therefore,  likely  to  be  of  importance  in 
constructing  the  safety  case  for  a  repository. 

Most  experiments  and  modelling  use  a  distribution 
coefficient  approach.  This  quantifies  sorption  on 
to  a  material  in  terms  of  a  simple  linear 
isotherm,  but  does  not  take  into  account  effects 
such  as  saturation  of  sites.  The  use  of 
distribution  coefficients  for  conditions  other 
than  those  at  which  they  were  obtained  may  not  be 
valid. 

In  this  paper,  we  describe  modelling  studies  of 
radionuclide  transport  through  a  cementitious 
backfill,  based  on  a  mechanistic  interpretation  of 
the  processes .  For  this  modelling  we  use  the 
geochemical  code  PHREEQE  and  the  coupled  ionic 
transport/chemical  equilibria  code  CHEQMATE .  The 
predictions  of  the  modelling  will  be  compared  with 
experimental  data  from  various  sorption 
experiments  on  cement . 

U3.4 

Evidence  of  long  distance  transport  of  natural  colloids  in  a  crystalline  rock 
groundwater.  W.R.  Alexander,  R.  Bruetsch,  C.  Degueldre,  Paul  Scherrer 
Institute,  5232  Villingen,  Switzerland  and  B.  Hofmann,  USGS,  Denver  CO 
80225,  USA. 

The  transport  of  radiocolloids  (radionuclides  in  association  with  colloids)  from 
the  near  field,  through  the  geosphere,  is  recognised  as  a  potential  problem 
within  current  Swiss  safety  analysis  models.  Natural  colloids  could  enhance 
doses  to  the  biosphere  by  sorbing  radionuclides  released  from  a  repository  and 
then  moving  through  fractured  rock  with  minimal  retardation,  either  by  sorp¬ 
tion  on  the  rock  or  by  filtration  through  the  fracture  infill. 

NAGRA  has  therefore  initiated  a  programme  of  research  to  study  various  as¬ 
pects  of  colloid  transport  in  both  crystalline  and  sedimentary  formations  and, 
in  this  article,  the  results  of  a  recent  project  are  reported.  An  earlier  study 
of  the  groundwater  system  of  the  Krunkelbach  uranium  prospect,  Black  For¬ 
est,  West  Germany,  produced  evidence  of  long  distance  transport  of  natural 
particles  (>  450  nm  nominal  pore  size  filters)  in  the  crystalline  groundwaters. 
Newly  produced  samples  which  includes  colloidal  material  (filters  with  nomi¬ 
nal  pore  sizes  in  the  range  of  15-1000  nm  were  utilised)  have  been  subjected 
to  serai-quantitative  analyses  and  the  results  have  confirmed  the  ear'ier  work 
on  larger  particles. 

Stable  isotope  data  implies  that  the  groundwater  recharge  area  lies  within  a 
gneiss  formation  some  5  km  away  from  the  uranium  prospect.  Colloid  samples 
were  collected  within  the  prospect  (at  a  depth  of  240  m)  and  the  Mg,  Ti,  Y 
and  Zr  contents  of  these  colloids  were  found  to  be  characteristic  of  the  near 
by  gneiss  rather  than  the  granite  body  which  hosts  the  prospect. 

The  implications  of  such  natural  colloid  generation  and  long  distance  transport 
are  examined  with  respect  to  Swiss  concepts  for  a  crystalline  rock  radwaste 
repository. 


ANALYTIC  STUDIES  OF  COLLOID  TRANSPORT. 

Y.  Hwang,  T  H.  Pigford,  P.  L.  Chambre,  and  W.  W.-L.  Lae.  Department  of  Nu¬ 
clear  Engineering  and  Lawrence  Berkeley  Laboratory.  University  of  California. 
Berkeley.  CA  B47SO. 

There  ia  evidence  that  radionudidea  move  aa  colloids  at  the  Nevada  Teat  Site. 
Because  of  their  ubiquitous  nature,  fast  movement,  and  low  retardation,  it  is 
important  to  study  colloid  transport  in  association  with  the  planned  reposi¬ 
tory  at  Yucca  Mountain.  We  present  some  analytic  studies  of  colloid  transport 
in  fractured  porous  rock,  considering  filtration  aa  well  aa  interaction  between 
colloids  and  dissolved  radionuclides. 

Colloids  of  radioactive  material  can  be  expected  In  ground  water  in  a  geologic 
repository.  Radioactive  species  released  from  a  waste  solid  can  appear  as  col¬ 
loids  by  chemical  reaction  of  the  dissolved  species  with  container  material, 
by  reduction  in  solubility  and  precipitation  from  cooling  a  near-saturated  so¬ 
lution,  from  a  change  in  the  redox  potential,  or  by  sorption  of  a  radioactive 
solute  onto  colloids  that  are  already  present  in  the  ground  water  Here  we 
include  “peeudocolloids"  as  colloids. 

Colloids  can  transport  radionuclides  through  geologic  media  at  rates  that  can 
differ  considerably  from  the  solute  transport  rates.  Current  approaches  for 
predicting  colloid  transport  focus  on  the  transport  of  the  colloid  itself  and 
may  not  be  adequate  for  predicting  the  long-term  behavior  of  geologic  repos¬ 
itories.  Colloids  of  a  given  species  can  be  expected  to  establish  some  kind  of 
interaction  with  the  solute  of  that  species.  Some  colloids  are  likely  to  exhibit 
solubility,  similar  to  that  of  a  consolidated  solid.  Others,  such  as  pseudo- 
colloids,  may  exhibit  sorption  equilibrium  between  the  solute  concentration 
and  the  concentration  of  that  species  sorbed  on  the  colloid.  In  either  case, 
the  interaction  between  the  solute  and  colloid  can  be  important  in  predicting 
long-term  transport.  Moreover,  hydrogeologic  transport  through  a  fracture  is 
likely  to  be  accompanied  by  diffusion  of  solute  into  and  out  of  the  rock  matrix 
surrounding  the  fracture. 

We  develop  and  solve  differential  equations  for  the  interactive  transport  of 
colloids  and  solute.  We  discuss  the  analytic  solutions  and  Illustrate  the  impor¬ 
tance  of  the  various  processes  in  colloidal  transport,  as  steps  towards  devel¬ 
oping  more  comprehensive  models  of  colloid  transport  of  radioactive  species. 

U4.I 

THE  MICROSTRUCTURE  OF  ggbfs/OPC  HARDENED  CEMEUT  PASTES  AND 
SOME  EFFECTS  OF  ELEVATED  TEMPERATURE  I£ACHING. 
I .G.  Richardson,  S. A. Rodger  and  G.W. Groves,  Department  of 
Metallurgy  and  Science  of  Materials,  University  of  Oxford, 
Parks  Road,  Oxford  0X1  3PH,  U.K. 

Ground  granulated  blast-furnace  slag  (ggbfs) /Ordinary 
Portland  cement  (CPC)  blends  are  possible  materials  for  use 
in  intenrediate  and  low-level  radioactive  waste  repositories. 
The  microstructural  development  in  neat  CPC  is  reviewed.  The 
effect  of  increasing  the  loading  of  ggbfs  on  the  composition 
and  microstructure  of  the  hardened  paste  has  been  examined  by 
a  number  of  techniques,  including  transmission  electron 
microscopy.  The  irplications  for  performance  are  discussed. 
A  ggbf s/CPC  9:1  blend  which  had  been  exposed,  sifter  normal 
hydration  to  aqueous  leaching  at  105°C  was  also  examined. 
Marked  changes  in  the  microstructure  and  composition  were 
observed. 

U4.2 

THE  EFFECTS  OF  TEMPERATURE  ON  THE  LEACHING  BEHAVIOR  OF 
CEMENT  WASTE  FORMS  Mark  Fuhrmann,  Richard  Pietrzak,  John 
Heiser  III,  Eena-hai  Franz  and  Peter  Colombo,  Nuclear  Waste 
Research  Group,  Brookhaven  National  Laboratory,  Upton,  NY, 
11973. 

The  leaching  mechanisms  of  simulated  low-level  radioactive 
waste  forms  are  being  determined  as  support  for  development 
of  an  accelerated  leach  test.  Two  approaches  are  being 
used:  (1)  comparisons  of  leaching  data  with  results  of  a 
model  that  describes  diffusion  from  a  finite  cylinder,  and 
(2)  observation  of  the  leaching  process  at  temperatures 
between  Z0"C  and  65*C.  To  provide  results  that  can  be  used 
for  modeling,  leaching  at  elevated  temperatures  must  change 
neither  the  leaching  mechanism  nor  the  structural  controls 
of  leaching  such  as  the  porosity.  Releases  of  cesium-137, 
strontium-85,  calcium,  sodium  and  potassium  from  plain 
Portland  cement,  cement  containing  sodium  sulfate  and  cement 
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containing  incinerator  ash  have  been  determined  under  a 
variety  of  experimental  conditions.  To  avoid  experimental 
artifacts  that  could  be  misinterpreted  a i  a  release  mecha¬ 
nism,  minimal  concentrations  of  ions  in  the  leachate  are 
necessary.  Diffusion  was  observed  to  proceed  without  sup¬ 
pression  when  elemental  elemental  concentrations  in  the 
leachate  were  less  than  25  mg/L.  Data  from  the  leach  tests 
were  compared  to  model  results  for  diffusion  from  the  finite 
cylinder.  While  much  of  the  data  appears  to  be  diffusion 
controlled,  notable  exceptions  are  cesium  and  sodium  leached 
from  cement/ash  waste  forms.  For  all  samples  activation 
energies  ranging  between  6  and  11  Kcal/mole  have  been  calcu¬ 
lated  from  the  relationship  of  the  effective  diffusion 
coefficient  to  increasing  temperature,  close  to  the  expected 
value  of  5  Kcal/mole  for  diffusion.  Solid  phase  analysis  was 
performed  to  further  examine  the  structural  and  mineralogi- 
cal  controls  on  leaching. 


to  evaluate  whether  leach  rates  follow  the  S/V  dependency 
(geometric  surface  area  to  volume  ratio)  predicted  by 
diffusion  theory.  After  200  days  of  leaching,  species  such 
as  Tc,  N0»,  NO2,  Cr,  Mo  and  Na  show  similar  leach  rates  at 
all  specimen  sizes.  However,  the  data  suggest  that  simple 
diffusion  theory  (semi-infinite  or  finite  source)  is  a  less 
accurate  predictor  of  observed  leach  rates  than  empirical 
relationships  (see  Cote  and  Constable  1987)  that  account  for 
wash  off,  wash  out  and  diffusion. 

By  changing  the  inventory  of  contaminants  present  in  a  waste 
form  one  can  check  whether  diffusion  or  solubility  processes 
fsPpeai«t0  contro1  leaching.  Three  sets  of  leach  tests  where 
Tc,  I  and  Se  were  varied  from  (IX,  10X  and  100X)  were 
performed.  Results  to  date  suggest  I  leaching  follows 
diffusion  controlled  release  while  Tc  and  Se  are  less  well 
behaved  (i.e.,  obey  neither  simple  theory). 


U4.3 

THERMODYNAMIC  MODELING  OF  CEMENTITIOUS  WASTE  FORM/GROUNDWATER 
INTERACTION  AS  A  TOOL  FOR  LONG-TERM  PERFORMANCE  ASSESSMENT. 
Louise  J.  Criscenti  and  R.  Jeff  Serne,  Pacific  Northwest 
Laboratory,  Richland,  Washington  99352. 

Experiments  (i.e.,  static,  modified  ANS  16.1)  have  been 
conducted  to  study  the  leaching  of  elements  from  cementitious 
waste  forms  in  groundwater.  These  experiments  are  completed 
in  a  short  time  period  (150  days)  and  chemical  equilibrium 
between  the  groundwater  and  waste  form  may  not  be  achieved. 
Thermodynamic  models  can  be  used  to  determine  if  equilibrium 
between  the  waste  form  and  groundwater  has  been  established. 

A  conceptual  model  for  the  chemical  interaction  between  a 
cementitious  waste  form  and  groundwater  was  developed  and 
used  with  the  MINTED  computer  code  to  predict  the  leachate 
compositions  and  solid  phase  assemblages  that  should  be 
observed  in  several  leaching  experiments.  The  conceptual 
model  includes  (1)  a  modal  analysis  of  the  phases  present  in 
hydrated  cement,  (2)  the  chemical  composition  of  the  ground- 
water,  and  (3)  a  list  of  solid  phases  that  may  precipitate 
when  the  cement  and  groundwater  react.  To  assist  in  develop¬ 
ing  the  chemical  model,  MINTED  calculations  were  performed  on 
various  leachate  compositions  from  laboratory  experiments  to 
determine  potential  solubility  controls.  Once  it  can 
successfully  predict  the  experimental  results,  the  model  can 
be  used  to  investigate  the  long-term  performance  of  a  waste 
form. 

The  calculations  indicate  that  the  amount  of  carbonate 
present  in  the  groundwater  is  a  major  factor  influencing  the 
stability  of  a  waste  form.  Calculations  using  various 
partial  pressures  of  COj  will  be  compared. 

Pacific  Northwest  Laboratory  is  operated  for  the  U.S. 
Department  of  Energy  by  Battelle  Memorial  Institute  under 
Contract  DE-AC06-76RL0  1830. 

04.4 

WASTE  GROUT  LEACH  TESTS:  PURSUIT  OF  MECHANISMS  AND  DATA  FOR 
LONG-TERM  PERFORMANCE  ASSESSMENT.  R.  Jeff  Serne.  Pacific 
Northwest  Laboratory,  P.0.  Box  999  K6-8I,  Richland,  WA 
99352. 

At  Hanford  low-level  liquid  nuclear  waste  is  being  mixed  with 
cementitious  forming  materials  (grout)  to  form  solid 
monoliths.  Prior  to  grouting  each  liquid  waste,  a 
performance  assessment  must  be  performed  to  evaluate  the 
long-term  environmental  impact.  These  predictions  rely  upon 
a  diffusion  controlled  conceptual  release  model  and  short¬ 
term  laboratory  leach  data  on  small  grout  samples.  This 
paper  describes  size  scale-up  and  inventory  scale-up 
experiments  that  evaluate  whether  diffusion  does  in  fact 
control  the  release  of  radionuclides  (e.g.,  r”l,  "Tc)  and 
regulated  chemicals  (e.g.,  NOj,  NOJ,  Se,  Cr  and  F). 

Size-scale  up  leach  tests  on  cylindrical  grout  specimens 
(3.2cm  dia.x3.2cm  t  to  30.4cm  dia.x30.4cm  t)  were  performed 


U5.1 

THERMODYNAMICS  OF  GLASSES  FOR  NUCLEAR  WASTE  DISPOSAL. 
Alexandra  Navrotsky.  Department  of  Geological  and 
Geophysical  Sciences ,  Princeton  Universl-y,  Princeton,  NJ 
08544 


Glasses  containing  nuclear  waste  typically  have  5-10%  or 
more  of  cations  of  high  charge  which  perturb  the 
aluminosilicate  framework.  Calorimetric  studies  of 
coupled  substitutions 


Si, 


4  + 


All*  +  W 


,Z+ 


show  the  following  trends.  Greatest  glass  stabilization 
occurs  when  M  is  monovalent  and  large  (e.g.  Cs+) ,  with 
thermodynamic  stability  decreasing  with  increasing  z/r  of 
M.  For  small  alkaline  earths  (e.g.  Mg*+)  positive  heats 
of  mixing  and  a  tendency  toward  clustering  or  unmlxing 
develops.  For  cations  of  higher  charge  (e.g.  La5*,  Zr‘+, 
Nb5+,  Mo6+)  this  tendency  is  accentuated.  Clustering  on 
a  microscopic  scale  implies  that  the  local  environment  of 
these  cations  is  independent  of  their  concentration;  the 
activity  of  the  oxide  component  is  virtually  constant  and 
relatively  high  and  the  system  behaves  more  as  a 
mechanical  mixture  than  as  a  true  solid  solution.  For 
consideration  of  the  long-term  stability,  both  kinetic 
and  thermodynamic,  of  a  waste-loaded  glass,  the 
relatively  high  thermodynamic  activity  of  M-contalning 
oxide  implies  a  relative  destabilization.  However, 
because  clustering  may  be  pervasive,  and  only  the  volume 
fraction  of  the  clusters  changes  with  concentration  of 
oxide,  the  reactivity  of  the  taste  form  may  be  relatively 
insensitive  to  the  degree  of  loading  as  long  as  a  glass 


can  be  made. 


U5.2 


A  KINETIC  MODEL  FOR  BOROSILICATE  GLASS  DIS¬ 
SOLUTION  BASED  ON  THE  DISSOLUTION  AFFINITY 
OF  A  SURFACE  ALTERATION  LAYER  William  L.  Bourcier, 
Dennis  W.  Peifer,  Kevin  G.  Knauss,  Kevin  D.  McKeegan,  and  David 
K.  Smith,  Lawrence  Livermore  National  Laboratory,  Livermore,  CA 
94550 

A  kinetic  model  incorporated  in  the  EQ3/6  geochemical  modeling 
code  is  used  to  predict  borosilicate  waste  glass  dissolution  rates.  The 
dissolution  rate  is  asumed  to  be  controlled  by  the  dissolution  affinity 
of  an  alkali  and  boron-depleted  altered  surface  layer  on  the  glass. 
Model  results  predict  the  non-linear  glass  dissolution  rate  where  the 
relatively  rapid  initial  rate  slows  and  approaches  a  linear  release  with 
time. 


The  model  has  been  used  to  predict  the  results  of  static  closed-system 
dissolution  tests  of  a  uranium-doped  SRL-165  glass.  The  tests  were 
performed  in  gold-bag  and  Teflon-lined  stainless  steel  vessels  from 
100  to  250°C  for  up  to  4  months  in  a  dilute  (0.003  molal)  NaHCOj 
solution.  The  gold  bag  tests  were  used  for  solution  sampling;  the 
tests  in  Teflon  run  in  parallel  were  used  for  solids  characterization. 
Solids  were  analyzed  using  SEM,  SIMS,  x-ray  diffraction,  and  nuclear 
reaction  profiling  methods. 

Comparison  of  model  and  experimental  results  show  that  the  release 
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rates  of  elements  not  strongly  concentrated  in  surface  layers  or  sec¬ 
ondary  phases  (e.g.  Li,  B,  Na)  can  be  successfully  predicted  by  the 
model.  The  release  rates  of  elements  that  are  concentrated  in  surface 
layers  and  secondary  phases  are  more  difficult  to  predict  and  accurate 
prediction  is  possible  only  if  observed  secondary  phases  are  used  to 
constrain  species  concentrations. 

Work  performed  under  the  auspices  of  the  U.  S.  Department  of  Energy 
by  the  Lawrence  Livermore  National  Laboratory. 

U5.3 

PREDICTION  OF  RADIOACTIVE  WASTE  GLASS  DURABILITY  BY  THE 
HYDRATION  THERMODYNAMIC  MODEL:  APPLICATION  TO  SATURATED 
REPOSITORY  ENVIROhMENTS.  Carol  M.  Jantzen,  Westinghouse 
Savannah  River  Company,  Savannah  River  Site ,  Aiken,  SC  29808. 

The  effects  of  groundwater  chemistry  on  glass  durability  were 
examined  using  the  hydration  thermodynamic  model.  The  rela¬ 
tive  durabilities  of  SiO.,,  tektites,  basalts,  waste  glasses, 
medieval  window  glasses, ‘and  a  frit  glass  were  determined  in 
tuffaceous  J-13  groundwater,  basaltic  CR-4  groundwater, 

WIPP-B  brine,  and  Permian-A  brine  using  the  MCC-1  test.  For 
silicate  groundwaters,  the  free  energy  of  hydration,  calcu¬ 
lated  from  the  glass  composition  and  the  final  experimental 
pH,  was  linearly  related  to  the  logarithm  of  the  measured 
silica  concentration.  The  linear  equation  was  identical  to 
that  observed  previously  for  these  glasses  during  MCC-1 
testing  in  deionized  water.  The  superposition  of  the  line 
from  the  silicate  groundwater  and  deionized  water  experiments 
occurs  because  the  pH  values  for  all  the  glasses  tested  in 
groundwater  remained  constant.  Constant  pH  values  decreased 
the  calculated  AG,,  values  while  in  turn,  lower  Si  releases 
were  measured.  Tneslope  defined  by  the  groundwater  and  de¬ 
ionized  water  data  is  the  theoretical  slope,  in  (1/2.303RT), 
for  glass  dissolution  controlled  by  the  dissolution  of  amor¬ 
phous  silica.  For  brines,  the  influence  of  the  ion  activity 
product  (IAP)  on  the  solubility  of  silica  and  other  species 
was  determined.  Using  the  hydration  thermodynamic  model, 
nulcear  waste  glass  durability  in  saturated  repository  en¬ 
vironments  can  be  predicted  from  the  glass  composition  and 
the  groundwater  pH. 

U5.4 

CHEMISTRY  OF  GLASS  CORROSION  IN  HIGH  SALINE 
BRINES.  B.  Grambow.  R.  Muller,  Hahn-Meitner-In- 
stitut  Berlin,  Glienicker  Str.  100,  D-1000  Ber¬ 

lin  39,  FRG 

This  paper  describes  a  geochemical  model  and 
a  comparison  to  experimental  data  for  glass 
corrosion  in  concentrated  salt  brines.  Modeling 
was  performed  with  the  computer  code  EQ3/6. 
The  brine  chemistry  was  described  with  the  Pit- 
zer  formalism  [Pitzer  1973]  for  osmotic  and  ac¬ 
tivity  coefficients. 

The  reaction  path  was  calculated  of  a  nuclear 
waste  glass  as  a  function  of  brine  chemistry 
and  of  the  formation  of  mhjor  alteration 
products.  In  agreement  with  the  experimental 
data  it  was  calculated  that  in  MgCl2  dominated 
brines  a  major  alteration  product  are  Mg  rich 
clay  minerals  and  due  to  the  consumption  of  Mg 
by  these  products  the  pH  decreases  with  the 
proceeding  reaction.  A  constant  pH  and  composi¬ 
tion  of  alteration  products  is  achieved,  when 
the  alkali  release  from  the  glass  balances  the 
Mg  consumption.  In  the  NaCl  dominated  brine 
MgCl2  becomes  exhausted  by  clay  minerals.  As 
long  as  there  is  still  Mg  left  in  solution  the 
pH  decreases.  After  exhaustion  of  Mg  the  pH 
rises  with  the  alkali  release  from  the  glass 
and  analcime  is  formed. 


U5.5 

THERMOKINETIC  MODEL  OF  BOROSIUCATE  GLASS 
DISSOLUTION:  CONTEXTUAL  AFFINITY.  T.  Advocat  &  E.  Vernaz. 
CEN-Valrh6,  SDHA,  BP  171,  30205  Bagnols-sur-Ceze  Cedex, 
France;  J.L  Crovisier  &  B.  Fritz,  CNRS/CSGS,  1  rue  Biessig,  67000 
Strasbourg,  France. 

Short  and  long  term  geochemical  interactions  of  R7-T7  nuclear 
glass  with  water  at  100°C  were  simulated  with  the  DISSOL  thermo- 
kinetic  computer  code.  Both  the  dissolved  glass  quantity  and  the 
resulting  water  composition,  saturation  states  and  mineral 
quantities  produced  were  calculated  as  a  function  of  time. 

The  rate  equation  used  in  the  simulation  was  first  proposed  by 
Aagard  and  Helgeson:  dc/dt  =  S/v » k* « (aHt)'fl  *  (i-Q/K).  The 
predicted  mineral  phases  were  iron  hydroxides,  2:1  clay  mineral 
represented  by  an  ideal  solid  solution  model,  manganese  and  zinc 
hydroxides,  laumontite,  strontianite,  metastable  amorphous  silica, 
calcite  and  low  albite.  The  calculated  evolution  of  the  glass/water 
system  showed  good  agreement  with  short  term  experimental 
results  (up  to  1  year). 

The  best  agreement  with  the  one-year  data  was  obtained  with  a 
reaction  affinity  calculated  from  silica  activity  (Grambow's 
hypothesis)  rather  than  taking  into  account  the  activity  of  all  the 
glass  components  as  proposed  by  Jantzen  and  Plodinec. 

Under  near-equilibrium  conditions,  the  reaction  rate  was  propor¬ 
tional  to  the  (Q/K)  chemical  affinity  of  the  overall  reaction.  Under 
these  conditions,  chemical  affinity  was  dependent  on  the  stability  or 
metastability  of  the  reaction  products.  The  dissolution  rates 
observed  experimentally  at  different  SA/V  ratios  are  therefore  not 
intrinsically  constant,  but  depend  on  the  conditions  under  which 
reaction  products  form  and  on  their  physicochemical  properties. 

U5.6 

COMPARISON  OF  THE  LAYER  STRUCTURE  OF  VAPOR  PHASE  AND  LEACHED 
SRI  GLASS  BY  USE  OF  A EH.*  B.  M.  Biwer,  J.  K.  Bates, 
T.  A.  Abrajano,  Jr.,  Argonne  National  laboratory,  9700  South 
Cass  Avenue,  Argonne,  IL  60439;  and  J.  P.  Bradley,  McCrone 
Environmental  Services,  Inc.,  850  Pasquinelli  Drive, 
Westmont,  IL  60559. 

The  initial  corrosion  of  nuclear  waste  glass  In  an 
underground  repository  may  be  expected  to  occur  through 
interaction  with  water  vapor  prior  to  liquid  water  contact. 
The  current  U.S.  underground  repository  site  selected  for 
characterization  is  located  In  the  unsaturated  zone  where 
proper  waste  package  design  and  emplacement  will  limit,  If 
not  exclude,  groundwater  contact  with  the  waste  glass  even 
after  breach  of  the  waste  form  container.  Analytical 
electron  microscopy  has  been  used  to  examine  the  detailed 
structure  of  131  glass  that  has  been  reacted  In  water  vapor 
under  relative  humidities  ranging  from  60  to  100X,  tempera¬ 
tures  between  75*  and  200*C,  and  time  periods  up  to  two 
years.  An  Intercomparison  of  the  reaction  progress  and 
alteration  products  identified  under  the  different  reaction 
conditions  provides  Insight  as  to  the  mechanisms  controlling 
glass  reaction.  The  results  from  the  vapor  phase  reacted 
glasses  are  then  compared  to  those  from  glass  of  similar 
composition  that  has  been  reacted  under  standard  MCC-1  type 
conditions  for  tl.ae  periods  up  to  four  years.  131  glass  was 
chosen  for  study  because  It  has  been  Identified  as  a 
representative  composition  for  the  least  durable  DWPF  glass 
to  be  produced  for  storage. 


‘Work  supported  by  the  U.S.  Department  of  Energy,  Office  of 
Civilian  Radioactive  Waste  Management,  Yucca  Mountain 
Project  Office,  under  Contract  Numbers  W-31-109-Eng-38 
and  AX0848606. 
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U5.7 

DISSOLUTION  MECHANISMS  OF  CaTiO,  AND  OTHEK  TITANATE 
PHASES  IN  THE  SYNIOC  ASSEMBLAGE 
SJLlhra,  D.M.  Phan,  l.St.C.  Smart*  and  P.S.  Turner, 
Division  of  Science  and  Technology,  Griffith 

University,  Nathan,  Qld,  Australia  (*  Nov  at:  School 
of  Chemical  Technology,  South  Australian  Institute  of 
Technology,  Adelaide,  S.A.  Australia). 

Perovskite,  hollandite  and  zirconolite  are  the  major 
phases  of  the  Synroc  C  titanate  assemblage.  The 
chemical  durability  in  an  aqueous  environment  of  the 
separate  minerals  and  the  total  assemblage  is  one  of 
the  most  relevant  performance  criteria  for  the  Synroc 
concept.  Methodologies,  incorporating  complementary 

approaches  vith  solution,  surface  and  electron- optical 
analyses,  have  been  developed  for  assessing 

perf orn&nce  in  the  epithero&l  and  hydrothernal 
regimes.  A  detailed  study  of  CaTiO,  has  been 

completed  identifying  the  mechanisms  which  are 
operative  as  well  as  the  kinetic  and  thermodynamic 
factors  vhich  affect  the  evolution  of  the  system.  It 
has  been  found  that  thermodynamic  stability  for  CaTiO, 
can  easily  be  engineered  into  the  waste  repository  for 
T  <  90°C,  while  the  same  is  probably  more  difficult  to 
achieve  at  higher  hydrothermal  temperatures.  A 
similar  study,  using  a  comparable  methodology,  is 
underway  for  hollandite.  Preliminary  results  will  be 
reported  for  the  chemical  durability  of  this  phase. 

U6.1 

A  COMPARISON  OF  THE  BEHAVIOUR  OF  VITRIFIED  HLW  IN  REPOSITO¬ 
RIES  IN  SALT,  CLAY  AND  GRANITE.  Part  II:  RESULTS.  W.  l.nr  >.«■  . 
Hahn -Meitner- Inst itut,  Glienicker  Strasse  100,  1000  Berlin 
39,  FRG . ,  M.  Kawanishi,  Abico  Research  Laboratory,  Abico, 
Chiba-pre,  270-11,  Japan,  J.  A.  C.  Marples,  Harwell 
Laboratory,  Oxon  0X11  ORA,  UK.,  and  P.  van  Iseghem, 
SCK/CEN,  Boeretang  200,  2400  Mol,  Belgium. 

A  'Round  Robin'  test  of  the  European  Commission's  "Repos¬ 
itory  Systems  Simulation  Leach  Test"  has  been  undertaken. 
This  involved  testing  an  inactive  simulant  of  the  French 
high-level  waste  glass  SON66  (R7T7)  containers  which  also 
held  water,  backfill,  and  either  salt,  clay  or  granite 
geological  material.  Ten  laboratories  undertook  the  granite 
option,  six  salt  and  three  clay.  The  test  procedure  was 
close. y  specified  and  is  given  in  detail  in  a  companion 
paper. 

Experiments  with  glass  powder  in  contact  with  aqueous 
solutions  were  run  for  periods  of  time  up  to  one  year  at 
90°c  and  the  solutions  were  analyzed  for  Si,  B,  Li  and  Mo 
(compulsory)  and  other  corroded  glass  constituents 
(optional).  The  analytical  results  are  discussed  in  terms 
of  accuracy  and  precision  and  are  used  to  evaluate  and 

of  the  glass  (fig.l)  under 
conditions  representing  those 
which  might  occur  after  dis¬ 
posal  in  future  repository  en¬ 
vironments.  The  paper  discuss¬ 
es  the  underlying  corrosion 
mechanisms  and  the  different 
(degrees  of  corrosion  in  salt 
tvs.  clay  and  granite. 

Fig.  1:  Corrosion  of  HLW  glass 
SON6B  in  salt,  granite  and 
clay,  respectively. 


compare  the  performance 


Surface  precipitates  have  formed  on  basaltic  and  borosilicate  nuclear  wastef  orm 
glasses  during  the  6  month,  1  year,  and  2  year  in  situ  Materials  Interface 
interactions  Tests  (MUT)  conducted  at  the  W1PP  site  using  W1PP  Brine  A  as  a 
leachant  at  90‘C.  The  surface  layers  were  characterized  by  scanning  electron 
microscopy,  x-ray  diffraction,  electron  microprobe  analysis,  and  analytical 
electron  microscopy. 

The  surface  layers  formed  on  synthetic  basaltic  glass  are  primarily  Mg-chloride 
and  halite  with  a  minor  silicate  component.  HM1  borosilicate  glass  exposed  to 
the  same  experiments  have  surface  layers  dominated  by  amorphous  Mg-silicale 
with  6  month  layers  being  overgrown  by  minor  Mg-chloride,  which  is  not  seen 
after  1  year.  Sub-micron  sized  anhydrite  crystals  have  formed  within  the  Mg- 
silicate  layer.  Minor  dissolution  pitting  of  the  glass  is  seen  in  1  and  2  year 
samples  of  the  basaltic  and  HMI  glasses,  but  is  not  as  pervasive  as  is  reported  for 
basaltic  glass  altered  naturally  at  low  temperature  in  seawater.  Natural 
alteration  of  basaltic  glass  results  in  the  formation  of  clay-like  Fe-Al  silicate  gel 
(palagonite)  surface  layers.  Dissolution  pitting  of  the  French  R7T7  glass  during 
the  MHT  experiments  is  more  advanced  than  seen  in  either  the  synthetic  basaltic 
glass  or  the  HMI  borosilicate  glass.  The  R7T7  glass  has  surface  layers  of  Mg- 
silicate,  similar  in  composition  to  the  surface  layers  formed  on  the  HMI 
borosilicate  glass. 

The  differences  in  surface  layer  compositions  between  synthetic  basaltic  glass 
compared  to  borosilicate  waste  form  glasses  in  the  in  situ  MIIT  experiments 
may  indicate  a  difference  in  corrosion  behaviour  between  the  two  glass  types 
when  exposed  to  the  repository  environment.  In  addition,  the  differences 
between  natural  environments  and  those  of  waste  repositories  may  limit  the 
usefulness  of  natural  analogues  toward  verification  of  models  developed  for  use 
in  the  prediction  of  the  long  term  corrosion  of  nuclear  waste  form  glasses. 

U6.3 

THE  INTERACTION  BETWEEN  NUCLEAR  WASTE  GLASSES  AND  CLAY-II. 

P.  Van  Iseghem,  K.  Berghman  and  W.  Tinntennans,  SCK/CEN, 
Boeretang  2&0,  B-2400  Mol,  Belgium. 

Results  are  summarized  of  an  experimental  programme  which 
started  as  a  continuation  of  an  earlier  programme  (ref.  1), 
to  evaluate  the  compatibility  of  the  high  level  waste 
glasses  of  interest  to  Belgium  (the  Cogema  R7T7  glass  SON 
68  and  the  Pamela  glasses  SM  523  and  SH  S27)  with  the  clay 
repository  host.  The  corrosion  tests  are  performed  in 
clay/claywater  mixtures,  in  controlled  Eh  conditions,  and 
consider  inactive  glasses,  glasses  tracered  with  Pu/Cs/Sr/ 
Tc/...,  and  the  presence  of  a  y  irradiation  field. 

Some  of  the  main  indications  after  two  year  test  duration 
are  : 

-  Glass  dissolution  (B,  Li,  ...)  occurs  in  a  Si/Al/Fe  equi¬ 
librated  solution. 

-  Pu,  Cs,  Sr  leach  in  similar  way  from  the  different  glass¬ 
es  ;  distribution  coefficients,  Kd,  for  Pu  are  glass 
dependent  ;  the  Pu  inventory  leached  in  a  mobile  form 
(about  4  x  10s  MW  cut-off)  is  extremely  small. 

-  The  y  irradiation  induces  considerable  hydrogen  produc¬ 
tion,  which  decreases  with  higher  clay  concentration  ; 
glass  corrosion  slightly  decreases  in  a  y  irradiation 
field. 

The  paper  will  discuss  the  results  in  terms  of  leaching 
mechanisms  and  source  term  determination. 


U6.4 

R7-T7  NUCLEAR  WASTE  GLASS  BEHAVIOR  IN  MOIST  CLAY. 
ROLE  OF  THE  CLAY  MASS/GLASS  SURFACE  AREA  RATIO. 
N.  Godon  and  E.  Vernaz,  CEN-Valrh6,  SDHA,  BP  171,  30205 
Bagnots-sur-Ceze  Cedex,  France. 


COMPARISON  OF  SURFACE  LAYERS  FORMED  ON  SYNTHETIC 
BASALTIC  GLASS,  FRENCH  R7T7  AND  HMI  BOROSILICATE 
NUCLEAR  WASTE  FORM  GLASSES  -  MATERIALS  INTERFACE 
INTERACTIONS  TESTS.  Michael  J.  Jcrcinovic.  SUcy  Kster ,  »nd  Rodney  C. 
Ewing.  Depi.  of  Geology,  Univ.  of  New  Mexico,  Albuquerque,  NM  87131; 
Werner  Lutzc,  Hahn  Meitner  Institul,  Berlin  GmbH,  Glienicker  SttaBc,  1000 
Berlin  39,  F.R.  Germany. 


R7-T7  glass  alteration  in  moist  clay  media  was  investigated  with 
various  days.  In  contact  with  smectite  4a,  selected  in  France  as  a 
potential  engineered  barrier  material,  the  glass  was  significantly 
corroded:  after  6  months  the  glass  corrosion  rate  was  practically 
the  same  as  the  initial  alteration  rate  in  double-distilled  water. 
Substantially  lower  alteration  was  observed  in  contact  with  a 
"bentonite"  (montmorillonite)  activated  by  sodium  carbonate. 
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Smectite  4a  consumes  silicon  released  by  glass  corrosion.  This 
action  retards  the  rise  to  high  silicon  concentrations  in  solution  that 
diminish  the  glass  corrosion  rate.  The  duration  of  this  phenom¬ 
enon  is  proportional  to  the  ratio  between  the  day  mass  (C)  and  the 
glass  surface  area  (SA).  Comparing  the  results  of  studies  at 
variable  C/SA  ratios  indicates  that  low  glass  corrosion  rates  are 
obtained  more  slowiy  at  higher  C/SA  ratios. 

Tests  with  23#Pu-doped  R7-T7  glass  have  also  shown  that  the 
radionuclide  retention  factor  in  the  alteration  film  at  the  glass 
surface  is  only  6,  compared  with  a  factor  of  nearly  50  in  double- 
distilled  water  under  static  conditions. 

In  order  to  determine  the  influence  of  day  activation  by  sodium 
(saturation  of  exchange  sites  by  Na*)  on  glass  alteration,  tests 
were  conducted  with  moist  activated  smectite  4a  and  unactivated 
bentonite. 

This  work  highlights  the  importance  of  selecting  the  day  for 
possible  use  as  an  engineered  barrier  material.  The  interpretations 
advanced  can  provide  guidelines  for  this  selection. 

U6.5 

PRODUCT  CONSISTENCY  LEACH  TESTS  OF  SAVANNAH  RIVER 
SITE  RADIOACTIVE  WASTE  GLASSES. 

Ned  £-  Bibler .  Westinghouse  Savannah  River  Co., 
Aiken,  SC,  29808;  and  John  K.  Bates,  Argonne 
National  Laboratory,  Argonne,  IL,  60439. 

The  Product  Consistency  Test  (PCT)  was  developed 
at  the  Savannah  River  Site  (SRS)  to  routinely 
verify  the  durability  of  nuclear  waste  glasses 
that  will  be  produced  in  the  Defense  Waste 
Processing  Facility.  The  PCT  is  a  7  day,  crushed 
glass  leach  test  in  deionized  water  at  90°C. 

Final  leachates  are  filtered  and  acidified  prior 
to  analysis.  To  demonstrate  the  reproducibility 
of  the  PCT  when  performed  remotely,  SRS  and 
Argonne  National  Laboratory  have  performed  the 
PCT  on  samples  of  two  radioactive  glasses.  The 
tests  were  also  performed  in  order  to  compare  the 
releases  of  the  radionuclides  with  the  major 
nonradioactive  glass  components  and  to  determine 
if  an  effect  of  radiation  was  present. 

Results  from  the  two  laboratories  for  the 
releases  of  B,  Li,  Na,  and  Si,  agreed  within  10%. 
For  the  radionuclides  Cs-137,  Sb-125,  Eu-154,  and 
Sr-90,  and  alpha  activity,  the  agreement  was  not 
as  good  (up  to  2X  difference)  possibly  due  to 
different  counting  techniques  at  the  two 
facilities.  At  both  facilities,  the  normalized 
releases  were  in  the  same  order,  e.g. 
Li-B-Na>Si>Cs-137>Sb-125>Eu-154>Sr-90 .  The 
normalized  releases  for  the  nonradioactive 
elements  and  the  final  pH  values  in  these  tests 
agreed  with  those  for  nonradioactive  glasses  with 
similar  composition  indicating  no  significant 
effect  of  radiation. 

U6.6 

THE  REACTION  OF  SYNTHETIC  NUCLEAR  HASTE  GLASS  IN  STEAM  AND 
HYDROTHERMAL  SOLUTION.*  W.  L.  Ebert  and  J.  K.  Bates, 
Argonne  National  Laboratory^  9700  South  Cass  Avenue, 
Argonne,  IL  60439. 

Glass  monoliths  of  the  WVCM  50,  WVCM  44,  SRL  165,  and 
SRL  202  compositions  were  reacted  In  steam  and  hydro¬ 
thermal  ly  (static  leaching)  at  temperatures  between  90*  and 
200*C.  The  glass  reaction  resulted  In  the  formation  of 
leached  surface  layers  In  both  environments.  Secondary 
precipitates  were  formed  on  all  glass  types  In  the  steam 
environment  only.  The  assemblage  of  phases  formed  was 
unique  to  each  glass  type,  but  several  precipitates  were 
common  to  all  glasses,  Including  analclme  and  several 
calcium  silicate  phases.  Reaction  In  steam  Is  thought  to 
occur  In  a  thin  layer  of  sorbed  water  which  becomes 


saturated  with  respect  to  the  observed  phases  after  only  a 
few  days  of  reaction.  These  phases  establish  lower 
equilibrium  solution  concentrations  of  several  glass 
components  which  allow  the  glass  reaction  to  proceed  at  a 
higher  rate  than  In  the  hydrothermal  environment.  The 
reaction  is  accelerated  In  the  sense  that  secondary  phases 
form  after  a  shorter  reaction  time  In  the  steam  environment 
than  In  the  hydrothermal  environment  because  of  large 
differences  In  the  glass  surface  area/leachant  volume  ratio. 
A  knowledge  of  the  secondary  phases  which  form  Is  crucial  to 
the  modeling  effort  of  the  repository  program. 


*Hork  supported  by  the  U.S.  Department  of  Energy,  Office  of 
Civilian  Radioactive  Waste  Management,  Yucca  Mountain 
Project  Office,  under  Contract  Number  W-31-109-Eng-38. 

U7.1 

ESTIMATION  OF  LONGEVITY  OF  PORTLAND  CEMENT  GROUT  USING 
CHEMICAL  MODELING  TECHNIQUES.  Stephen  R,  Alcorn  and  Mark  A. 
Gardiner,  IT  Corporation,  5301  Central  Avenue,  NE, 
Albuquerque,  NM  87108;  and  William  E.  Coons,  RE/SPEC,  Inc. 
3815  Eubank  Boulevard,  NE,  Albuquerque,  NM  87111. 

Portland  cement-based  grout  Is  a  favored  candidate  material 
for  nuclear  waste  repository  seals  due  to  its  low  permeabil¬ 
ity,  ability  to  be  injected  into  narrow  fractures,  ability 
to  self-heal,  and  apparent  persistence.  The  long-term  per¬ 
formance  of  this  material  is  uncertain,  since  many  phases 
which  comprise  cement  are  metastable.  It  may  be  assumed 
that  cement-based  grout  will  degrade  with  time  and  Increase 
In  permeability.  Therefore,  It  is  important  to  be  able  to 
estimate  the  duration  of  acceptable  performance. 

To  address  this  issue,  a  two-part  approach  was  taken:  (1) 
characterize  the  chemical  degradation  that  would  occur  from 
the  Interaction  of  grout  with  natural  groundwater,  and  (2) 
assess  the  consequences  with  a  permeability  development 
model.  To  establish  bounds,  three  scenarios  were  analyzed: 
(l)  closed  system  (very  slow  flow/dissolution/precipita- 
tion),  (2)  dynamic  (slow  flow/dissolution/limited  precipi¬ 
tation),  and  (3)  open  system  (fast  flow/dissolution).  To 
assess  the  consequences  of  the  chemical  Interactions,  an 
empirical  relationship  between  porosity  and  permeability  was 
developed.  Changes  in  grout  performance  with  time  were  pre¬ 
dicted  by  assuming  a  sequence  of  hydraulic  heads  that  varied 
in  response  to  changing  repository  conditions.  Preliminary 
results  Indicate  that  cement  grout  may  maintain  acceptable 
performance  for  thousands  to  millions  of  years,  oj-oviding 
its  initial  hydraulic  conductivity  is  around  m/sec, 

the  grout  mix  Is  engineered  to  minimize  the  more  soluble 
phases  (e.g.,  ettringlte),  and  it  is  emplaced  at  a  site  with 
elevated  TDS  groundwater  where  the  local  hydraulic  gradient 
is  low  or  repository  repressurization  times  are  short. 

U7 . 2 

MODELLING  OF  THE  EVOLUTION  OF  POREWATER  CHEMISTRY 
IN  A  CEMENTITIOUS  REPOSITORY.  A. Haworth, 

S . M . Shar land  and  C.J. Tweed,  Theoretical  Physics 
Division,  Harwell  Laboratory,  UKAEA,  Oxfordshire 
OX11  ORA,  U.K. 

The  current  UK  concept  for  disposal  of  low-  or 
intermediate-level  nuclear  waste  comprises  an 
underground  repository  with  a  largely  cementitous 
backfill.  The  aqueous  phase  within  the  cement 
provides  a  high  pH  environment  in  which  the 
solubilities  of  many  nuclides  are  low  and  the  rate 
of  general  corrosion  of  metal  canisters  is  slow. 
Variation  in  porewater  chemistry  in  the  repository 
is  likely  to  have  implications  for  the  release 
rates  of  nuclides .  Several  experimental  studies  on 
the  effect  of  the  interaction  of  seawater  with 
cement  are  being  carried  out  at  Harwell  as  part  of 
the  Nirex  Safety  Assessment  Research  Programme.  In 
particular,  changes  in  the  solution  composition  of 
the  contact  water  are  being  investigated.  Last 
year,  a  preliminary  model  of  cement  degradation  was 
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developed  using  the  coupled  transport/chemical 
equilibrium  code  CHEQMATE .  This  model  has  been 
further  developed  for  use  in  modelling  the 
experimental  studies  to  aid  interpretation  of 
results.  In  particular,  mineral  changes  at  the 
surface  of  the  cement  are  investigated.  Such 
changes  may  be  important  for  both  solution 
conditions  in  cracks  within  the  backfill  and 
adsorption  of  nuclides  on  to  the  surfaces. 

07.3 

A  THEORETICAL  STUDY  OF  THE  EFFECT  OF  THE  LEACH  INTERVAL  ON  A 
SEMIDYNAMIC  LEACH  TEST.  Roger  0.  Spence,  Oak  Ridge  National 
Laboratory,  P.  0.  Box  2003,  Oak  Ridge,  TN  37831-7273 

A  diffusion  model  is  used  to  explore  limitations  of  a 
Standard  leach  procedure,  specifically,  the  effect  of  the 
leach  intervals  for  the  ANS I/ANS- 16.1  procedure.  The 
suppression  of  the  leach  rate  by  allowing  the  concentration 
to  build  up,  as  in  such  semidynamic  procedures,  is  well 
known  and  can  be  predicted  by  the  diffusion  model.  The 
originators  of  this  procedure  were  also  aware  of  this 
effect,  but  leaching  must  proceed  for  a  finite  time  in  order 
to  achieve  detectable  concentrations  of  a  species.  In  fact, 
the  model  can  be  used  to  give  the  correlation  between 
detection  limit,  starting  sample  concentration,  measurable 
effective  diffusion  coefficient,  and  leach  interval. 

The  ANSI/ANS-16. 1  procedure  specifies  a  leachant  volume  and 
a  set  of  leach  intervals  spanning  a  total  of  90  d.  Using 
the  initial  and  boundary  conditions  presented  by  this  leach 
procedure,  the  second  order  partial  differential  equation 
representing  Pick's  second  law  is  solved  numerically  using 
finite  differences.  This  allows  the  prediction  of  the 
cumulative  amount  leached,  taking  into  account  the 
suppression  of  the  driving  force  as  the  concentration 
increases  during  each  interval.  This  prediction  can  be 
compared  to  the  predicted  amount  leached  without  this 
suppression,  that  is  the  true  dynamic  case,  for  the  same 
effective  diffusion  coefficient.  The  effective  diffusion 
coefficients  at  which  the  difference  between  these  two 
predicted  values  becomes  significant  was  studied.  The 
effect  of  varying  the  leach  interval  for  a  given  effective 
diffusion  coefficient  is  also  explored.  With  these 
predictive  tools,  the  limited  resources  of  an  experimental 
program  can  be  concentrated  on  those  situations  that  cannot 
be  predicted  by  the  model,  such  as  nondiffusion  mechanisms. 

U7.4 

INTERACTION  BETWEEN  BLENDED  CEMENTS  AND  A  SULPHATE  BEARING 
GROUND  WATER.  Susan  L.  Duerden,  Peter  L.  Walton,  and  Amal 
J .Hajumdar.  Building  Research  Station,  Watford,  UK. 

Blended  cement  mixes  containing  pulverized  fuel  ash  (pfa) 
and  ground  granulated  blastfurnace  slag  (ggbs)  with  ordinary 
Portland  cement  (OPC)  have  been  reacted  vith  a  sulphate 
bearing  ground  water  for  9  months  at  50°  and  80°C  and 
atmospheric  pressure.  The  blends  were  9:1  and  75:25  pfa  or 
ggbs:OPC  and  are  of  interest  to  the  radioactive  waste 
disposal  schemes  currently  under  consideration  in  the  UK. 

Tvo  types  of  specimens  were  used  in  the  reaction,  150ram 
diameter  and  50mm  long  cylinders,  and  75um  powders  prepared 
from  the  mixes  after  7  days'  hydration.  The  reaction 
products  were  examined  by  x-ray  diffraction,  differential 
scanning  calorimetry  and  scanning  electron  microscopy. 

After  28  days  hydration  in  water  some  of  the  cylinders 
shoved  evidence  of  cracking  when  stored  in  air  at  901  R.H, 
Beat  evolution  and  volume  change  effects  in  these  cylinders 
have  been  studied.  During  reaction  of  these  cylinders  vith 
ground  water  the  cracks  act  as  loci  for  crystallization  of 
ettringite  and  gypsum.  For  uncracked  cylinders  there  is 
minimal  interaction  betveen  cements  and  ground  vater  after  9 
months,  but  an  outer  layer  of  calcite  and/or  vaterite, 
approx.  3mm  thick,  was  present  in  all  reacted  cylinders. 


With  powder  specimens  reactions  proceed  much  faster.  In  the 
case  of  the  75:25  ggbs/OPC  sample  at  50°C  the  reaction 
products  include  the  sulphate  minerals  ettringite, 
monosulphate  and  gypsum,  and  calcite.  Hydrotalcite  that 
forms  during  the  first  7  days  of  initial  curing  persists  in 
the  presence  of  ground  vater,  but  calcium  hydroxide 
disappears  after  3  days.  There  is  some  indication  that 
»-quartz  begins  to  form  after  about  4  months. 

U7.5  ABSTRACT  WITHDRAWN 

U7.6 

IMMOBILIZATION  IN  CEMENT  OF  ION  EXCHANGE  RESINS.  Patrick 
LE  BESCOP;  Pascal  BOUNIOL;  and  Michel  JORDA.  C.E.A, 
DRDD/SESD,  CEN-FAR,  92265  Fontenay  aux  Roses  Cedex,  FRANCE 


Recent  studies  were  carried  out  in  FRANCE  to  improve  ion 
exchange  resin  solidification  in  cement-based  matrices. 
Work  was  conducted  on  different  types  of  waste  -  cation, 
anion  and  mixed-bed  resins  -under  regenerated  and  loaded 
states.  Industrial  applications  could  be  found  considering 
ion  exchange  resins  from  the  water  purification  systems  of 
COGEMA  Reprocessing  Plant  (regenerated  resins)  and  of  PWR 
cooling  circuits  (loaded  resins). 

The  main  objective  is  to  reach  a  waste  incorporation  rate 
of  at  least  501  (in  volume).  Imposed  acceptability  crite¬ 
ria  for  subsurface  disposal  required  that  waste  forms  must 
be  monolithic  solids  with  a)  no  free  standing  water ,  b)  no 
significant  dimensional  variations  and  no  loss  of  mechani¬ 
cal  integrity  both  after  curing  and  during  immersion  tes¬ 
ting,  c)  leach  rates  compatible  with  ANDRA  specifications. 
Hydraulic  cement  formulations  were  developped  taking  into 
account  waste  chemistry,  more  precisely  the  presence  of 
ions  which  inhibit  setting.  Two  types  of  cement  based 
material  were  investigated:  Portland  cement  with  additives 
and  blended  cement  (named  C.L.C)  containing  silica  fume 
and  smectite.  Properties  of  cement -ion  exchange  resin 
waste  forms  (mechanical  properties,  shrinkage  or  swelling) 
as  well  as  chemical  Interaction  of  the  waste  and  the 
cement  matrix  were  examined. 

The  previous  results  mainly  concerned  "homogeneous  waste 
forms"  in  which  ion  exchange  resins  were  intimately  mixed 
with  the  hydraulic  binder.  A  new  concept,  allowing  a 
higher  incorporation  rate,  was  promoted,  considering  the 
whole  package  as  an  "heterogeneous  waste  form" .  In  this 
last  case,  radionuclide  confinement  was  ensured  by  an 
outer  cover  of  pure  mortar. 

U7.7 

ENCAPSULATION  OF  RAD1010DINE  IN  CEMENTITIOUS  WASTE  FORMS. 
Mark  Atkins  and  Frederik  P.  Glasser,  Department  of 
Chemistry,  University  of  Aberdeen,  Meston  Walk,  Aberdeen, 
AB9  2UE  Scotland. 

Risk  assessment  models  applied  to  radioactive  waste 
repository  design  disclose  that  iodine  is  one  of  the 
nuclides  causing  most  concern.  Computer  calculations  for 
these  scenario  studies  assume  that  iodine,  in  the  form  of 
I*,  is  poorly  sorbed  on  most  geological  materials.  Thus  it 
is  important  that  iodine  be  retained  at  source,  1e.  within 
the  vault,  for  as  long  as  is  practicable. 

In  the  UK  context,  cements  are  likely  to  form  a  major  part 
of  the  waste  package  for  low  and  medium  active  wastes,  and 
of  engineered  vault  structures.  These  cements  are  likely  to 
be  blends  of  one  form  or  another.  Including  Portland  cement 
blended  with  blast  furnace  slag,  or  fly  ash.  These 
materials  are  chemically  reactive  with  OPC  during  the  first 
101  -10z  years.  It  Is  important,  therefore,  to  assess  the 
effect  of  Portland  cement  and  blending  agent  on  iodine 
speciation  and  on  iodine  uptake  by  the  constituent  solid 
phases.  Data  are  presented  on  uptake  of  I  and  IQ,  on 
specific  phases:  Ca(OH),,  calcium  al  umi nosulphate  hydrStes, 
hydrotalcite  and  calcium  silicate  hydrogel  (C-S-H). 
Precipitation  of  iodide  as  Agl,  prior  to  cementation,  is 
also  considered. 
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Radiolytic  effects  on  1  are  also  described;  the  production 
of  gaseous  radioiodine  (I-)  is  potentially  a  serious 
problem. 

U7.8 

EFFECT  OF  y-RADIATICM  ON  THE  MICROSTRUCTORE  AND 
MICROCHOGSTRY  OF  gqbfs/OPC  CEMENT  BU3NDS.  I . G . Richardson 
and  G.W. Groves,  Department  of  Metallurgy  and  Science  of 
Materials,  University  of  Oxford,  Parks  Road,  Oxford  0X1  3PH, 
U.K;  and  C.R.Wilding,  Materials  Development  Division,  UKAEA 
Harwell  Laboratory,  Oxfordshire  0X11  ORA,  U.K. 

Ground  granulated  blast-fumace  slag  (ggbfs)/0PC  blends  are 
among  the  materials  being  considered  as  possible 
encapsulating  matrices  for  low  and  intermediate  level 
radioactive  wastes,  it  is  therefore  desirable  to  identify 
any  microstructural  modifications  which  may  result  in  these 
systems  from  exposure  to  ionizing  radiations. 

in  order  to  investigate  this,  ggbfs/OPC  blends  were 
y-irradiated  to  >80MGy  at  50°C  over  a  period  of  2  years. 
These  were  examined  by  electron  optical,  X-ray  and  thermal 
analysis  techniques  and  the  results  compared  with  controls 
subjected  to  a  similar  hydration  regime.  The  morphological 
and  compositional  similarities  and  differences  revealed 
between  the  irradiated  and  control  sanples  are  presented  and 
discussed. 

U7.9 

HYDROGEN  GENERATION  IN  MORTARS  IMMOBILIZING  WASTE  CHLORIDE 
SALTS.*  Michele  A.  Lewis  and  David  W.  Warren,  Argonne 
National  Laboratory,  9700  So.  Cass  Avenue,  Argonne,  IL  60439. 

A  mortar  formulation  capable  of  immobilizing  chloride  salts 
containing  fission  product  cesium  and  strontium  has  been 
developed.  This  formulation,  which  consists  of  cement,  fly 
ash,  slag,  water,  and  3  to  10  wtX  LiCl-KCl  salt,  is  strong  and 
leach-resistant,  and  under  Irradiation  only  hydrogen  gas  is 
generated.  The  G(H2)  value  depended  on  temperature  and 
chloride  salt  concentration  and  varied  from  0.02  to  0.2. 
Higher  salt  concentrations  led  to  higher  hydrogen  yields  at 
25'C  but  lower  yields  at  75  and  120”C.  Steady  state  pressures 
were  not  attained.  Mechanistic  studies  showed  that  reduced 
sulfur  species  in  the  slag  primarily  controlled  the  radiolysis 
mechanism  In  slag-containing  mortars.  Since  hydrogen 
pressures  were  comparatively  high  (250  pslg  for  a  total  dose 
of  500  Mrad)  and  since  the  feasibility  of  using  venting  to 
reduce  hydrogen  buildup  was  uncertain,  several  different 
methods  to  reduce  hydrogen  yields  were  investigated.  These 
Included  the  addition  of  small  quantities  of  materials  which 
function  as  electron  scavengers,  as  oxidizers,  or  as  precip¬ 
itating  agents  for  sulfides,  the  use  of  different  containment 
materials,  the  partial  dehydration  of  the  waste  form  and  the 
use  of  a  hydrogen  getter. 


•Work  supported  by  the  U.S.  Department  of  Energy,  Nuclear 
Energy  Research  4  Development  Program,  under  Contract 
W-31-109-Eng-38. 

U7.10 

POROSITY  AND  ION  DIFFUSIVITY  OF  LATEX-MODIFIED  CEMENT. 

T.  Nishi.  0.  Kuriyama,  M.  Matsuda,  K.  Chino,  Energy 
Research  Lab.,  Hitachi  Ltd.;  and  M.  Klkucht,  Hitachi 
Works,  Hitachi  Ltd.,  Hitachi,  JAPAN. 

Latex-modified  Portland  cement  was  studied  as  a 
solidification  agent  for  radioactive  wastes.  In  order  to 
predict  the  leaching  rate  of  radionuclides  from  the 
cementitious  waste  forms  using  the  mixing  parameters  such 
as  water  or  latex  content,  the  Influence  of  these 
parameters  was  quantitatively  estimated  by  porosity  and 
ion  dlffuslvity  of  hardened  cement  paste. 

Total  porosity  of  hardened  cement  paste  decreased  with 
water  content  and -it  was  reduced  by  latex  addition.  Also 
the  diffusion  coefficient  of  ions  decreased  exponentially 


with  total  porosity.  Two  experimental  equations,  by  which 
total  porosity  was  related  to  water  and  latex  content  and 
the  diffusion  coefficient  of  ions  was  related  to  total 
porosity,  were  derived  from  these  results.  The  calculated 
results  had  good  agreement  with  the  measured  ones. 

U7.ll 

A  COMPARISON  OP  THE  BEHAVIOUR  OF  VITRIFIED  HEW  IN  REPOSITO¬ 
RIES  IN  SALT,  CLAY  AND  GRANITE.  Part  I:  EXPERIMENTAL. 

L.  A.  Mertens,  W.  Lutze,  Hahr.-Meitner-Institut,  Glienicker 
Strasse  100,  1000  Berlin  39,  FRG . ,  J.  A.  C.  Marples, 
Harwell  Laboratory,  Oxon  OX11  ORA,  UK.,  and  P.  van  Iseahem. 
SCK/CEN,  Boeretang  200,  2400  Mol,  Belgium,  E.  Vernaz,  CEA 
Valrho,  Marcoule  BP  171,  30200  Bagnols  sur  Ceze,  France. 

Based  on  a  universal  "European  Commission's  Repository 
Systems  Simulation  Leach  Test",  a  limited  number  of 
conditions  were  selected  to  be  applied  in  a  'Round  Robin' 
test  in  which  15  laboratories  from  11  countries 
participated.  Ten  laboratories  undertook  the  granite 
option,  six  salt  and  three  clay.  This  contribution  and  a 
companion  paper  summarize  the  acquired  information. 

The  HLW  borosilicate  glass  SON 6 8  (R7T7),  to  be  returned  to 
and  eventually  disposed  of  in  various  geological 
repositories  by  Cogema's  reprocessing  customers,  was  tested 
in  a  standardized  leach  container  developed  and  provided  by 
CEA,  Marcoule.  The  glass  (2g  of  powder,  125-250pm,  and  a 
coupon,  25x25x3mm,  for  each  experiment)  was  prepared  and 
delivered  by  CEA;  together  with  crushed  granite,  sand, 
smectite  and  groundwater  for  the  granite  option.  SCK-Mol 
provided  the  clay,  smectite,  sand  and  the  recipe  for 
claywater,  HMI-Berlin  the  recipe  for  the  rock  salt 
composition.  All  materials  were  used  in  proportions  and 
positions  in  the  leach  container  as  prescribed.  The 
analytical  method  was  the  only  variable  to  be  chosen  by  the 
participants.  After  termination  of  the  experiments 
(duration  14-364d,  temperature  90°C> ,  the  concentrations  of 
the  glass  constituents  Si,  B,  Mo,  Li,  in  solution  had  to  be 
determined.  Results  for  other  elements  (e.g.,  zn,  Sr,  Na) 
and  of  surface  analyses  have  been  reported.  The  data  base 
was  used  to  evaluate  the  test  procedure,  the  usage  and 
versatility  of  the  apparatus,  and  to  identify  analytical 
problems . 

U7.12 

IN-SITU  TESTING  OF  NUCLEAR  WASTE  FORMS  IN  A  CLAY  LABORATORY 

-  RESULTS  AFTER  TWO  YEARS  CORROSION.  P.  Van  Iseghem.  W. 
Tinmermans  and  B.  Neerdael ,  SCK/CEN,  Boeretang  zuu,  8-2400 
Mol,  Belgium. 

Beginning  of  1986,  four  tubes  were  introduced  into  the  clay 
host  formation  from  the  underground  Mol  laboratory,  at  220 
m  below  surface  level.  About  sixty-four  waste  form  samples 
(40  x  15  x  5  rmt)  loaded  on  each  tube,  were  brought  directly 
in  contact  with  the  clay.  One  of  the  rigs  is  being  held  at 
ambient  temperature  for  5  years,  two  are  heated  at  90  ^C 
for  respectively  2  and  5  years,  and  one  is  heated  at  170  C 
for  5  years  (ref.  1).  These  experiments  are  part  of  a  large 
in-situ  research  programme,  to  demonstrate  the  suitability 
of  the  "Boom"  clay  layer  at  the  Mol  site  as  a  waste  reposi¬ 
tory  host  formation. 

The  paper  discusses  the  results  obtained  from  the  first 
tube  (two  years  at  90  *C)  which  was  retrieved  by  overcoring 
in  August  1988.  The  main  results  are  : 

-  The  in-situ  test  was  successful  in  terms  of  tube  perfor¬ 
mance,  operation  (Including  retrieval),  configuration 
(settling  of  the  clay)  and  reliability  of  the  results. 

-  The  mass  loss  data  and  surface  layer  observations  for  the 
various  glasses  of  interest  (various  CEC  reference  glass¬ 
es)  reveal  a  close  similarity  with  parallel  laboratory 
tests  ;  the  thickness  of  glass  dissolved  within  two  years 
varies  between  40  and  325  pm. 

-  Glass  composition  effectively  influences  glass  dissolu¬ 
tion  ;  the  presence  of  canister  and  overpack  corrosion 
products  seems  to  enhance  glass  dissolution. 
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U7.13 

DISSOLUTION  KINETICS  OF  A  SIMPLE  ANALOGUE  NUCLEAR  WASTE 
GLASS  AS  A  FUNCTION  OF  pH.  TIME  AND  TEMPERATURE.  Kevin  G 
Knauss .  William  L.  Bourcier.  Kevin  D.  McKeegan,  Celia  1. 
Merzbacher.  Son  N.  Nguyen.  Frederick  J.  Ryerson,  David  K. 
Smith  and  Homer  C.  Weed.  Lawrence  Livermore  National  Labora¬ 
tory.  Livermore,  CA  94550 

We  have  measured  the  dissolution  rate  of  a  simple  five-com¬ 
ponent  borosilicate  glass  (Na20,  CaO,  Al203,  B203,  Si02)  using 
a  flow-through  system.  The  experiments  were  designed  to 
measure  the  dissolution  rate  constant  over  the  interval  pH  1 
through  pH  13  at  3  temperatures  (25.  50  and  70°C)  .  Dilute 
buffers  were  used  to  fix  pH  as  the  glass  dissolved.  Solu¬ 
tion  and  surface  solid  analyses  provided  information  that 
are  used  to  develop  a  kinetic  model  for  glass  dissolution. 

Under  all  conditions  we  eventually  observed  linear  dissolu¬ 
tion  kinetics.  Above  pH  8  or  pH  9  dissolution  was  congruent 
and  the  gel  layer  was  very  thin.  In  strongly  acidic  solu¬ 
tions  (pH  1  to  pH  3)  all  components  but  Si  were  released  in 
their  stoichiometric  proportions  and  a  thick.  Si-rich  gel 
was  formed.  In  mildly  acidic  to  neutral  solutions  the  gel 
was  thinner  and  was  both  Si-  and  Al-rich,  while  the  other 
components  were  released  to  solution  in  stoichiometric  pro¬ 
portions.  By  varying  the  flow  rate  we  demonstrated  a  lack 
of  transport  control  of  the  dissolution  rate. 

The  dissolution  rates  were  found  to  be  lowest  at  near-neu¬ 
tral  pH  and  to  increase  at  both  low  and  high  pH.  A  rate 
equation  based  on  transition-state  theory  (TST)  was  used  to 
calculate  dissolution  rate  constants  and  reaction  order  with 
respect  to  pH  over  two  pH  intervals  at  each  temperature.  At 
25  °C  between  pH  1  and  pH  7  the  log  rate  constant  for  glass 
dissolution  (g  glass/n^-d)  was  -0.77  and  the  order  with  re¬ 
spect  to  pH  w as  -0.48.  Between  pH  7  and  pH  13  the  log  rate 
constant  for  glass  dissolution  was  -8.1  and  the  order  with 
respect  to  pH  was  4-0.51.  The  measured  simple  glass  dissolu¬ 
tion  rate  constants  compare  very  well  with  constants  esti¬ 
mated  by  fitting  the  same  TST  equation  to  experimental  re¬ 
sults  obtained  for  SRL-165  glass  and  to  dissolution  rate 
estimates  made  for  synthetic  basaltic  glasses. 

U7.14 

HYDROTHERMAL  LEACHING  OF  R7-T7  BOROSILICATE  GLASS. 

J.  Caurel  and  E.  Vernaz,  CEN-Valrho,  SDHA/SEMC,  BP  171,  30205 
Bagnols-sur-Ceze  Cedex,  FRANCE;  D.  Beaufort,  Laboratoire  de 
P^trologie  des  Alterations  Hydrothermal es,  University  de 
Poitiers,  40  aveneu  du  Recteur  Pineau,  86022  Poitiers  Cedex. 

The  results  of  hydrothermal  leach  tests  are  intended  to  be 
used  to  predict  long-term  low- temperature  glass  dissolution. 
It  is  often  assumed  that  experimental  data  can  be  extrapolated 
to  other  conditions  using  Arrhenius-type  rate  laws. 

Hydrothermal  leaching  mechanisms  and  their  temperature  depen¬ 
dence  in  R7-T7  glass  were  investigated  in  static  experiments 
lasting  from  7  days  to  1  year  at  150‘C  and  250‘C,  and  in  7-day 
experiments  at  temperatures  from  100*C  to  300*C.  Leachates, 
surface  layers,  and  crystalline  products  were  analyzed  by  ICP, 
SEM,  EMP,  XRO,  and  cathodoluminescence.  Activation  energies 
of  24  to  33  kJ.mol'1  were  obtained  for  the  7-day  tests,  and 
70  kJ-mol'1  from  established  kinetics  for  boron  at  150*C  and 
250*C  for  up  to  6-months  (the  discrepancy  is  discussed  below). 

The  formation  of  metastable  alteration  products  and  large 
cracks  through  the  bulk  glass  result  in  a  different  chemical 
and  physical  system  at  250 *C  than  at  lower  temperatures. 
Arrhenius  calculations  between  250*C  and  100*C  obviously  do 
not  allow  for  this.  The  assumption  of  extrapol ability  will 
be  discussed  in  light  of  these  changes  in  the  chemical  and 
physical  (SA/V)  system  rather  than  simple  activation  energy 
considerations  alone. 

U7.15 

Effects  of  Surface-Area-to-8olution  Volume  Ratio  on 
the  Chemical  Durability  of  Nuclear  Waste  Glasses. 
x .  Pena .  I.  L.  Pegg,  Aa.  Barkatt,  P.  B.  Macedo. 
Catholic  University  of  America,  Vitreous  State 
Laboratory,  Washington  DC  22064. 

The  ratio  of  glass  surface  area  to  solution  volume 
is  an  important  parameter  that  affects  both 
dissolution  and  precipitation  processes.  The  effect 


of  this  ratio  on  chemical  durability  has  been 
investigated  in  a  number  of  studies.  These  studies 
reported  that  the  leach  rates  decrease  as  the  SA/V 
ratios  increase  for  such  nuclear  waste  glasses  as 
PNL-7666,  DWRG,  and  SRL-131.  Most  of  these  studies 
also  found  that  glass  leaching  data  for  a  range  of 
times  and  SA/V  can  be  represented  by  a  single  curve 
when  plotted  versus  the  product  of  SA/V  and  time. 
In  this  paper  we  report  some  of  our  findings 
concerning  the  SA/V  effects  on  the  durability  of 
such  nuclear  waste  glasses  as  WV205,  WVCM47  and 
WVCM50  which  suggest  a  rather  more  complicated 
behavior.  We  find  that  the  leach  rates  of  waste 
glasses  do  not  always  decrease  as  the  SA/V 
increases.  In  fact,  the  effect  is  highly 
composition  and  SA/V  dependent:  in  the  same  SA/V 
range,  the  leach  rate  of  one  glass  may  increase 
while  that  of  another  decreases  with  increasing 
SA/V.  Similarly,  for  the  same  glass  the  leach  rate 
my  increase  within  one  SA/V  range  but  decrease 
within  another.  A  consequence  of  these  results  is 
that  the  effect  of  (SA/V)t  scaling  is  also 
composition  and  SA/V  ratio  dependent,  and  therefore 
the  concentration  data  do  not  generally  collapse 
into  a  single  curve  when  plotted  against  (SA/V)t. 

U7.16 

ALTERATION  OF  MICROSTRUCTURE  AND  LEACHING 
PROPERTIES  OF  WEST  VALLEY  REFERENCE  BY  HEAT 
TREATMENT.  A.  C.  Buechele.  X.  Feng,  H.  Gu,  and  I. 

L.  Pegg,  Vitreous  State  Laboratory,  The  Catholic 
University  of  America,  Washington,  D.C.  20064 

Samples  of  West  Valley  reference  glass  WVCM- 
59  were  subjected  to  isothermal  heat  treatment 
according  to  a  systematic  schedule  of  time- 
temperature  combinations  to  simulate  conditions 
which  might  be  encountered  during  cooling  after 
the  glass  is  poured  into  canisters.  Phases 
differentiating  during  heat  treatment  were 
observed,  analyzed,  and  quantified  using  an  SEM 
equipped  with  WDS,  EDS  and  image  processing  and 
analyzing  capabilities.  A  hitherto  unobserved 
phosphorus-rich  phase  of  indefinite  morphology 
developed  after  3  hours  at  700°C  and  continued  to 
grow  in  extent  as  time  elapsed.  Small  amounts  of 
rare  metal  (e.g  Rh,  Ru,  Pd)  crystalline  phases 
were  always  present  in  the  as-melted  glass  and 
frequently  served  as  nucleation  sites  during  heat 
treatment.  Iron-group  spinels  containing  Fe,  Ni, 

Cr ,  and  Mn  in  variable  proportions  were  the  most 
common  phases  observed,  appearing  in  quantities 
up  to  3  vol%  in  heat  treated  glass.  The 
formation  of  a  thoria-ceria  phase  occurred  at 
temperatures  of  900°C  and  below  but  required  a 
progressively  longer  time  as  the  temperature  was 
lowered.  Acmites  formed  at  temperatures  of  700°C 
and  below.  MCC-3  tests  were  done  to  assess  the 
durability  of  samples  substantially  altered  in 
microstructure . 

U7.17 

PARAMETRIC  EFFECTS  OF  GLASS  REACTION  UNDER  UNSATURATED 
CONDITIONS.*  J.  K.  Bates.  T.  J.  Gerding,  and 
0.  J.  Wronklewicz,  Argonne  National  Laboratory,  9700  South 
Cass  Avenue,  Argonne,  IL  60439. 

Eventual  liquid  water  contact  of  high-level  waste  glass 
stored  under  the  unsaturated  conditions  anticipated  at  the 
Yucca  Mountain  site  will  be  by  slow  Intrusion  of  water  Into 
a  breached  container/canister  assembly.  The  water  flow 
patterns  under  these  unsaturated  conditions  will  vary,  and 
the  Unsaturated  Test  method  has  been  developed  by  the  YMP  to 
study  glass  reaction.  The  results  from  seven  different  sets 
of  tests  done  to  investigate  the  effect  of  systematically 
varying  parameters  such  as  glass  composition,  composition 
and  degree  of  sensitization  of  304L  stainless  steel,  water 
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Input  volume,  and  the  Interval  of  water  contact  are 
discussed.  Glass  reaction  has  been  monitored  over  a  period 
of  five  years,  and  the  parametric  effects  can  result  In  up 
to  a  ten-fold  variance  In  the  degree  of  glass  reaction. 


"Work  supported  by  the  U.S.  Department  of  Energy,  Office  of 
Civilian  Radioactive  Waste  Management,  Yucca  Mountain 
Project  Office,  under  Contract  Number  W-31-109-Eng-38. 

U7.18 

GROWTH  RATES  OF  ALTERATION  LAYERS  AND  ELEMENTAL  MASS 
LOSSES  DURING  LEACHING  OF  B0R0SIL1CATE  NUCLEAR  WASTE 
GLASS.  Tsunetaka  Banha  and  Takashi  Murakami ,  Japan 
Atomic  Energy  Research  Institute,  Tokai  ,  Ibaraki  319-11 
Japan.  ‘ 

MCC-1  static  leaching  experiments  were  carried  out  on  a 
simulated  waste  glass  in  deionized  water  for  up  to  364 
days  at  90°C  in  order  to  examine  the  relationship  between 
alteration  layer  thickness  and  elemental  mass  losses. 

The  thickness  of  the  alteration  layers  increased  linearly 
at  a  rate  of  0.63  ^pm/day  for  up  to  91  days.  After  91 
days,  however,  the  thickness  was  kept  constant  (about  60 
^im)  independent  of  time.  The  observed  growth  rate  was  in 
good  agreement  with  the  calculated  one  obtained  by 
assuming  that  al 1  boron  In  the  leachates  was  due  to  the 
complete  depletion  of  boron  in  the  alteration  layers. 
This  means  that  shrinkage  of  the  alteration  layers  is  not 
significant,  and  suggests  that  the  alteration  layers 
retain  their  framework  even  after  the  depletion  of  part  of 
the  glass  network  formers  and  the  recrystallization 
reported  previously.  The  agreement  of  the  leach  rates 
also  impl  ies  that  the  apparent  release  of  elements  from 
the  glass  almost  ceases  and  the  reaction  between  the 
alteration  layers  and  the  leachate  plays  a  major  role  in 
the  corrosion  after  91-day  leaching. 

Two  differently  prepared  layers,  ethanol  replacement  of 
leachate  and  conventional  air-drying  before  resin 
impregnation,  revealed  that  the  air-dried  layers  were 
thinner  by  about  5  percent  because  of  shrinkage  of  the 
layers  during  air-drying. 

U7.19 

CHARACTERIZATION  OF  HIGHLY  ACTIVE  WASTE  GLASSES 
PRODUCED  IN  A  HOT  VITRIFICATION  PLANT,  J.P.  Glatz, 
E.  Toscano  and  M.  Coauerelle.  and  J.  Fuger , 
Institute  for  Transuranium  Elements,  Commission  of 
the  European  Communities,  Karlsruhe,  West  Germany. 

lr,  the  hot  vitrification  pilot  plant  operated  by  ENEA  at 
JRC-Ispra  were  produced  several  high-level  waste  glass  forms 
(up  to  287  Ci/kg) ,  containing  15  to  33  wt°»  fission  products. 
These  glasses  were  characterized  in  the  hot  cell  laboratory 
at  JRC- Karlsruhe. 

The  work  comprised: 

-mass  and  fission  product  distribution  in  the  crucibles 
by  gaimna- scanning  ar.d  radiography, 

-microstructural  and  phase  composition  analysis  by  opti¬ 
cal,  SEM  +  EDAX  and  quantitative  microscopy, 

-leaching  behaviour  by  the  SOXHLET -method.  The  tests 
were  performed  on  all  glasses  in  water  for  72  h.  The 
analysis  of  the  leachates  was  performed  by  ICP-MS  and 
OES,  and  compared  with  the  qualitative  analysis  by 
EDAX  of  the  gel-layers  found  on  the  specimens  after 
the  dissolution  tests. 

Depending  on  glass  and  waste  composition  and  loading,  the 
products  showed  partial  devitrification  process  or  a  two- 
glass  system.  In  the  partially  devitrified  glass,  several 
precipitate  morphologies  were  identified  and  analyzed.  The 
precipitates,  in  the  form  of  crystalline  inclusions,  were 
enriched  in  the  main  waste  elements  (metals,  rare  earths  and 
actinides).  In  the  two-glass  system,  the  minor  phase  showed 


a  strong  Al  enrichment,  with  Cr  and  Ni  as  additional  ele¬ 
ments.  Analysis  of  the  leachates  showed  a  good  qualitative 
agreement  with  those  performed  on  the  gel -layers. 

U7.20 

THE  LONG-TERM  CORROSION  AND  MODELLING  OF  TWO  SIMULATED 
BELGIAN  REFERENCE  HIGH-LEVEL  WASTE  GLASSES  -  PART  II 
J.  Patvn.  P.  Van  Iseghem,  W.  Timmermans,  S.C.K./C.E.N. , 
Boeretang  200  B-2400  MOL,  Belgium 

B.  Grambow  Hahn  Meitner  Institut  Berlin,  Glienicker  StraBe 
100,  1000  Berlin  39,  F.R.  Germany 

-  ABSTRACT  - 

As  part  of  a  larger  study  to  establish  the  performance  of 
high  level  waste  glass  in  repository  conditions,  long  term 
phenomena  related  to  the  glass  corrosion  are  being 
investigated,  and  modelling  of  the  long  term  glass  corrosion 
has  been  attempted.  In  a  previous  paper  (ref  1)  it  was  shown 
how  for  precursor  glasses  for  two  kinds  of  high  level  waste 
of  importance  for  Belgium,  modelling  using  the  PHREEQE  and 
GLASS0L  codes  could  relatively  well  fit  to  the  experimental 
data.  The  key  role  of  Al.Q,  on  the  long  term  behaviour  was 
demonstrated.  The  .experimental  conditions  were  90°  C, 
SA.V  1  =  10  or  100m  ,  with  distilled  water  as  corrosion 

medium. 

Recently,  additional  corrosion  experiments  jn  distilled 
water,  but  using  powdered  glass  (SA.V  =7000m  A)  at  90  or 
120®  C,  provided  a  further  confirmation  about  the  final 
corrosion  rate,  but  revealed  also  an  additional  corrosion 
accelerating  (crystallisation  ?)  phenomenon  in  case  of  the 
high  Al^O^  glass. 

Modelling  efforts  at  present  managed  to  fit  the  calculated 
values  with  the  experimental  data,  (but  not  the  final 
acceleration)  for  the  different  SA.V  1  conditions. 

The  paper  will  discuss  the  experimental  data,  and  the 
modelling  approaches  focusing  the  role  of  surface  area  to 
volume  ratio  (SA.V  1),  temperature  and  the  Al _0^  content  of 
the  glass  c 

U7.21 

SIMULTANEOUS  EVAPORATION  OF  Cs  AND  Tc  DURING  VITRIFICATION 
-  A  THERMOCHEMICAL  APPROACH 

H.  Migge,  Hahn-Meitner-lnst itut ,  Glienicker  Strasse  100, 

1000  Berlin  39,  FRG 

In  vitrification  of  nuclear  waste  technetium  tends  to  be 
lost  substantially  by  evaporation.  For  the  case  that  Cs 
is  not  present  this  behaviour  was  satisfactorily  described 
by  thermochemistry  in  the  simple  Tc-0  system  considering 
the  predominance  areas  of  the  different  oxides  and  the  par¬ 
tial  pressures  of  T^O^  above  them.  If  Cs  is  present  there 
are  contradictory  observations  from  the  condensation  pro¬ 
ducts  whether  or  not  Tc  evaporates  simultaneously  with  Cs 
by  forming  gaseous  CsTcO^.  This  compound  -  in  concrast  to 
solid  CsTcO^  -  has  not  yet  been  identified  experimentally. 

Its  existence  may  be  concluded,  however,  from  the  exis¬ 
tence  of  the  gaseous  alkal iperrhenates .  From  comparison 
with  these  perrhenates  the  standard  formation  enthalpy  and 
the  entropies  of  condensed  as  well  as  of  gaseous  CsTcO  are 
estimated,  and  solid  CsTcO^  is  assumed  to  melt  above  I200K. 
Free  energies  of  these  compounds  and  tentative  isothermal 
predominance  area  diagrams  of  the  Cs-Tc-0  system  up  to 
1200K  were  calculated  including  isobars  of  the  gases  CsO, 
CSjO,  TcO,  TCjO^,  and  CsTcO^  and  their  dependence  on  the 
condensed  phase  present.  The  pressure  of  gaseous  CsTcO^ 
above  solid  CsTcO,  is  very  high  even  at  lower  temperatures 
(log  p(Pa)  •  3  at  500K  and  log  p(Pa)  »  8.3  at  12O0K).  From 
comparison  with  voltammetric  and  thermochemical  results 
for  borosilicate  glass  containing  Tc  it  is  concluded  that 
condensed  CsTcO^  does  exist  in  glass  which  contains  Cs  as 
well.  Therefore,  the  appearance  of  condensates  of  CsTcO, 
during  vitrification  has  to  be  expected.  The  pressure  of 
CaTcO^  decreases  only  slowly,  if  the  oxygen  or  caesium  po¬ 
tentials  are  reduced  and  condensed  CsTcO^  becomes  unstable 
and  condensed  Tc,  TcOj  or  TCjO^  resp.  are  formed. 
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U7.22 

THE  EFFECT  OF  TEMPERATURE  ON  THE  REDOX  CONSTRAINTS  FOR  THE 
PROCESSING  OF  HIGH-LEVEL  NUCLEAR  HASTE  INTO  A  GLASS  HASTE 
FORM.  Henry  D.  Schreiber.  Charlotte  W.  Schreiber,  Margaret 
W.  Riethmiller,  and  J.  Sloan  Downey;  Center  for  Glass 
Chemistry,  Virginia  Military  Institute,  Lexington,  VA, 
24450. 

Efficient  processing  of  high-level  nuclear  waste  into  a 
borosilicate  glass  matrix  requires  the  consideration  of  the 
melt's  redox  properties.  If  the  conditions  that  accompany 
the  dissolution  of  the  waste  into  the  glass  melt  are  too 
oxidizing,  foaming  problems  may  arise;  conversely,  if  the 
conditions  during  processing  are  too  reducing,  sulfide  and 
metal  phases  might  precipitate  from  the  melt  and  result  in 
short  circuiting  between  the  electrodes. 

Savannah  River  Laboratory  glass  frit  #131  (SRL-131),  the 
reference  system  for  this  study,  is  an  alkali  borosilicate 
glass  whose  redox  chemistry  has  been  extensively 
characterized  at  1 1 5  0°  C .  The  ox i dation-reduct ion 

equilibria  of  selected  multivalent  elements  this 

reference  composition  were  investigated  as  a  function  of 
the  imposed  oxygen  fugacity  for  several  temperatures  from 
950°C  to  1350°C . 

The  redox  emistry  of  the  system  defines  an  acceptable 

operating  range  in  SRL-131  with  respect  to  the  imposed 

oxygen  fugacity  of  about  10"®  to  10'”  atm  at  950°C,  of 

about  lO'*1  to  10'®  atm  at  1150°C,  and  of  about  10®  to  10'' 
atm  at  1 3  50°C  in  order  to  alleviate  potential  foaming 

problems  at  the  upper  limit  and  potential  precipitation  of 
metals  and  sulfides  at  the  lower  extreme.  For  the 
processing  of  the  glass  vaste  form,  the  previously 

prescribed  range  of  0.1  to  0.5  for  [Fe‘+]/[Fe®+]  in  the 

resulting  glass  should  be  acceptable  at  all  temperatures 
from  950°C  to  1350°C. 

U7 . 23 

CALCULATION  OF  THE  VISCOSITY  OF  NUCLEAR  WASTE  GLASS 
SYSTEMS.  Rltesh  P.  Shah,  E.C.  Behrman,  and  D.  Oksoy, 

New  York  State  College  of  Ceramics,  Alfred  University, 
Alfred,  NY  14802 

Viscosity  of  one  of  the  most  important  processing 
parameters  and  one  of  the  most  difficult  to  calculate 
theoretically,  particularly  for  multicomponent  systems 
like  nuclear  waste  glasses.  Here,  we  propose  a 
se- ' -empirical  approach  based  on  the  Fulcher  equation, 
involvirg  identificati c -  of  key  component  variables, 
for  which  coefficient,  art  then  determined  by  regression 
analysis.  Results  are  -’resented  for  a  variety  of  glass 
systems,  and  compared  both  to  experimental  data  and  to 
statistical  mechanical  perturbation  theory  calculations. 

U  7 .24 

CHARACTERIZATION  OF  MECHANICAL  STRENGTHS  FOR  SIMULATED 
SOLIDIFIED  HIGH  LEVEL  WASTE  FORMS  Hiroshi  I garashj , Takesh i 
Takahashi,  Power  Reactor  &  Nuciear  Fuel  Development  Corp. 
(PNC),  4-33.  Muramatsu,  Tokal-mura,  Ibaraki,  319-1 1.  JAPAN 

various  types  of  waste  form  have  been  developed  and  chara¬ 
cterized  in  PNC  to  immobilize  high  level  liquid  waste 
generated  from  reprocessing  nuclear  spent  fuel. 

Mechanical  strength  tests  were  made  on  simulated  solidified 
high  level  waste  forms  which  were  borosilicate  glass  and 
d i ops i de-g I ass-cerami c  form.  Commercial  glasses  were  also 
tested  for  comparison  with  the  waste  forms. 

Measured  strengths  were  three-point  bending  strength,  uni¬ 
axial  compressive  strength. impact  strength  by  falling 
weight  method, and  vickers  hardness.  Fracture  toughness  and 
fracture  surface  energy  were  also  measured  by  both  of 
notch-beam  and  indentation  technique,  The  strengths  meas¬ 
ured  were  evaluated  with  statistical  errors. 


The  effect  of  change  in  composition  was  studied  on  the 
glass  form.  The  change  in  waste  content  from  20  to  40  wtj 
did  not  infuluence  the  strength.  No  significant  effect  of 
the  change  of  iron  content  in  waste  was  observed.  The 
difference  in  glass  additives  composition  did  not  result 
in  the  change  of  strengths.  The  mechanical  strengths  mea¬ 
sured  of  the  glass  forms  were  comparable  with  those  of 
commercial  glasses. 

Clearer  difference  in  the  fracture  toughness  and  fracture 
surface  energy  was  observed  between  glass  and  glass-ceramic 
waste  form.  The  Fracture  toughness  of  glass  form  by  inden¬ 
tation  test  was  about  0.7  MN  /m3''*  which  was  comparable 
with  commercial  glass. And  fracture  toughness  of  the  glass- 
ceramic  form  was  30X  higher  than  that  of  glass  form. 

U7. 25 

DIFFUSION  OF  CESIUM  IN  SODIUM-BOROSILICATE 
GLASSES  USED  FOR  IMMOBILISATION  OF  NUCLEAR  WASTE. 
E.G.F.  Sengers  and  F.J.J.G.  Janssen,  N.V.  KEMA, 

R&D  Division,  Chemical  Research  Department,  P.O. 
Box  9035,  6800  ET  Arnhem,  The  Netherlands. 

Sodium-borosilicate  glasses  used  for  the 
immobilisation  of  nuclear  waste  were  studied  in 
experiments  using  concentration  couples  in  order 
to  determine  the  diffusion  coefficient  of  Cs.  The 
couples  were  made  by  pouring  successively 
sodium-borosilicate  glass  and  sodium-borosilicate 
glass  containing  2  mol%  cesiumoxide  in  alumina 
crucibles.  Diffusion  experiments  were  performed 
by  heating  the  crucibles  at  various  temperatures 
for  five  hundred  hours.  A  scanning  electron 
microscope,  in  combination  with  an  energy 
dispersive  spectrometer  was  used  to  determine 
concentration  profiles. 

In  the  temperature  range  850  -  975_K  diffusion 
coefficients  between  10  18  and  10  15  m‘/s  were 
found.  The  activation  energy  for  the  cesium 
diffusion  in  that  temperature  range  appears  to  be 
about  425  kJ/mol. 

Diffusion  coefficients  for  cesium  diffusion  have 
also  been  measured  in  glasses  containing  cesium 
and  different  amounts  of  other  fission  products, 
such  as  Sr  and  Zr,  and  impurities,  such  as  Ca  and 
Fe,  and  in  simulated  nuclear  waste  glasses.  It 
can  be  concluded  that  the  diffusion  of  cesium 
does  not  depend  critically  on  the  addition  of 
other  fission-product  elements  or  other  impuri¬ 
ties  . 

U7 . 26 

ENTHALPIES  OF  MIXING  AND  INCIPIENT  IMMISCIBIL1TY  IN- 
GLASSES  IN  THE  SYSTEM  K20-St02-La203.  A.J.C.  Ellison  and  A. 
Navrotsky,  Department  of  Geological  and  Geophysical  Sciences, 
Princcion  University.  Princcion,  NJ  08544 

Enthalpies  of  mixing  of  quenched  glasses  along  three  joins 
have  been  determined  using  high-temperature  solution 
calorimetry  in  molten  2Pb0*B203  a(  977  K.  In  K20*5Si02-nLa203 
and  Si02-n(K20-La203)  (0  <n  <  1)  glasses,  the  concentration  of 
network-modifying  caiions  and  the  raiio  of  non-bridging 
oxygen  to  silicon  atoms  (NBO/Si)  increases  with  n.  Along  the 
join  (l-x)K20-5Si02-(x/3)La203  (0  <=  x  <=  0.75),  La  is  substituted 
for  K  in  glasses  with  fixed  NBO/Si.  Despite  differences  in  NBO/Si 
and  the  valences  of  K  and  La.  enthalpies  of  mixing  show  no 
deviations  from  ideal  mixing  grcaicr  than  -1  kJ/mol  of  the 
ternary  svsicm.  K20-5Si02-La203  undergoes  glass-glass  phase 
separation  at  1200  K.  but  the  enthalpy  of  solutions  of  the  clear 
glass  and  the  phase-separated  glass  arc  identical  within  error. 
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These  data  indicate  that  phase-ordering  (a  precursor  to  liquid 
immiscibi/ity)  is  present  even  at  low  concentrations  - 

increasing  LagOj  adjusts  the  size  and/or  distribution  of  phase- 
ordered  regions.  Vibrational  spectra  of  glasses  in  this  system 
support  this  interpretation,  and  indicate  that  K  and  La  do  not 
share  the  same  NBO;  hence,  phase-ordering  is  driven  by  the 
presence  of  La  in  the  glass. 

U7.27 

GRAIN  80UNDARY  INVENTORY  AND  U02  MATRIX  DISSOLUTION  STUDIES 
ON  SPENT  LWR  FUEL.  U.  J.  Gray.  0.  M.  Strachan,  L.  £.  Thomas, 
R.  E.  Einziger,  and  M.  J.  Apted.  Pacific  Northwest 
Laboratory,  P.  0.  Box  999,  Richland,  WA  99352. 

An  experimental  method  is  being  developed  for  measuring  the 
grain  boundary  inventory  of  radionuclides  and  for  determining 
whether  radionuclides  within  the  U02  matrix  of  spent  LWR  fuel 
will  dissolve  congruently  with  the  U02.  The  method  involves 
limited  oxidation  of  spent  fuel  In  air  at  low  temperatures 
(I50°C  to  20 0°C).  At  these  temperatures,  spent  LWR  fuel 
ox<dizes  preferential ly  along  the  grain  boundaries  making 
the  fuel  fragments  friable.  This  technique  has  been  used 
successfully  to  prepare  Individual  grains  of  irradiated  U02. 
Following  oxidation,  the  spent  fuel  particles  are  mounted 
and  thinned  to  permit  examination  by  transmission  electron 
microscopy  (TEM) .  This  analysis  can  show  the  presence  of 
higher  oxides,  such  as  U,09  and  provide  assurance  that  the 
limited  oxidation  affected  only  the  grain  boundary  material 
plus  a  few  hundred  nanometers  of  the  U02  grain  periphery. 

Once  the  spent  fuel  has  been  dissociated  into  individual 
grains,  the  grain-boundary  inventories  of  radionuclides  can 
be  measured.  This  Is  accomplished  through  a  series  of 
dissolution  tests  in  which  the  solvent  (e.g.,  dilute  HC1) 
is  changed  and  analyzed  frequently.  This  technique  gives  an 
upper  limit  to  the  grain  boundary  Inventory  because  It  is 
not  possible  to  prevent  a  small  amount  of  the  U02  grain 
periphery  from  oxidizing  and  subsequently  dissolving.  After 
the  oxidized  portions  of  the  grains  are  completely  removed, 
fluid-flow  dissolution  tests  are  used  to  determine  whether 
the  remaining  U02  matrix  material  dissolves  congruently. 

Water  Is  pumped  through  a  column  containing  spent  fuel  grains 
while  the  concentration  of  radionuclides  in  the  column 
effluent  Is  monitored.  At  high  flow  rates,  the  forward 
reaction  rates  of  the  various  radionuclides  can  be  measured 
and  the  degree  of  congruency  determined. 

U7 . 28 

IDENTIFICATION  OF  SECONDARY  PHASES  FORMED  DURING  UNSATURATED 
REACTION  OF  UO?  WITH  EJ-13  WATER.*  J.  K.  Bates.  B.  S.  lani, 
and  E.  Veleckis,  Argonne  National  Laboratory,  9700  South 
Cass  Avenue,  Argonne,  IL  60439. 

The  reaction  of  spent  fuel  under  the  unsaturated  conditions 
anticipated  to  exist  at  the  Yucca  Mountain  repository  site 
will  likely  include  contact  between  the  fuel  and  small 
volumes  of  water  under  oxidizing  conditions.  To  evaluate 
procedures  that  may  be  required  to  perform  such  testing,  a 
set  of  parametric  experiments  has  been  conducted  over  a 
four-year  period.  One  aspect  of  these  experiments  has  been 
to  Identify  the  secondary  phases  that  form  during  the 
reaction  process.  More  than  five  distinct  phases  have  been 
Identified,  including  uranophane,  boltwoodite,  sklodowskite, 
and  becquerelite.  The  methods  used  to  Identify  the  phases 
together  with  a  temporal  and  spatial  description  as  to  how 
these  phases  formed  with  respect  to  the  water  flow  pattern 
and  cation  depletion  are  discussed. 


*Work  supported  by  the  U.S.  Department  of  Energy  office 
of  Civilian  Radioactive  Waste  Management,  Yucca  Mountain 
Project  Office,  under  Contract  Number  W-31-109-Eng-38. 

U7.29 

INVESTIGATIONS  INTO  THE  ELECTROCHEMICAL  LEACHING  BEHAVIOUR 
OF  U02  PELLETS  IN  VARIOUS  SATURATED  SALT  SOLUTIONS 


CL.  Keiling,  P.-M.  Heppner  and  G.  Marx;  Free  University  of  Berlin; 

Institute  for  Inorganic  and  Analytical  Chanistry;  Radioctem.  Div.; 
Fabeckstr.  34-36;  D-1000  Berlin  -  Eahlem  (33);  FRG 

Within  the  frame  of  investigations  into  the  safety  aspects 
for  direct  waste  disposal  excluding  spent  fuel  reprocessing 
experiments  are  made  for  characterizing  the  leaching  behavi¬ 
our  of  UO^  pellets  in  various  saturated  salt  solutions. 

The  solutions  taken  into  consideration  are  saturated  NaCl 
solutions  and  also  Q  and  R  brines. 

The  redox  potentials  for  the  various  systems  are  realized 
electrochemically.  Quite  a  number  of  electrode  forms  have 
been  tested  with  respect  to  their  applicability  for  perfor¬ 
ming  measurements  in  solutions  of  significant  high  ionic 
strength.  Using  a  newly  developed  U02  electrode  the  rest 
potentials  of  UO2  electrodes  have  been  determined  in  various 
systems.  The  corrosion  rates  could  be  potentiostatically 
obtained  under  a  variety  of  different  experimental 
conditions. 

U7.30 

A  DEFORMATION  AND  THERMODYNAMIC  MODEL  FOR  HYDRIDE 
PRECIPITATION  KINETICS  IN  SPENT  FUEL  CLADDING 

R.  B.  Stout,  University  of  California-LLNL 
P.O.Box  808,  L -201 ,  Livermore,  CA  94550 

ABSTRACT*  Hydrogen  is  contained  in  the  Zircaloy  cladding  of 
spent  fuel  •  s  from  nuclear  reactors.  All  the  spent  fuel 
rods  places  ir.  a  nuclear  waste  repository  will  have  a 
temperature  history  that  decreases  toward  ambient;  and  as  a 
result,  most  all  of  the  hydrogen  in  the  Zircaloy  will 
eventually  precipitate  as  zirconium  hydride  platelets.  A  model 
for  the  density  of  hydride  platelets  is  a  necessary  sub-part 
for  predicting  Zircaloy  cladding  failure  rate  In  a  nuclear 
waste  repository.  A  model  Is  developed  to  describe 
statistically  the  hydride  platelet  density,  and  the  density 
function  Includes  the  orientation  as  a  physical  attribute. 

The  model  applies  concepts  from  statistical  mechanics  to 
derive  probable  deformation  and  thermodynamic  functionals 
for  cladding  material  response  that  depend  explicitly  on  the 
hydride  platelet  density  function.  From  this  model,  hydride 
precipitation  kinetics  depend  on  a  thermodynamic  potential 
for  hydride  density  change  and  the  Inner  product  of  a 
stress  tensor  and  a  tensor  measure  for  the  incremental 
volume  change  due  to  hydride  platelets.  The  development  of 
a  material  response  model  for  Zircaloy  cladding  exposed  to 
the  expected  conditions  In  a  nuclear  waste  repository  Is 
supported  by  the  U.S.  DOE  Yucca  Mountain  Project. 

*  Work  performed  under  the  auspices  of  the  U.S.  Department 
of  Energy,  Office  of  Civilian  Radioactive  Waste  Management, 
Yucca  Mountain  Project  Office,  by  the  Lawrence  Livermore 
National  Laboratory  under  contract  W-7405-ENG-48. 

U7. 31 

"Fluoride  Influence  on  Zlrcaloy-4  Corrosion  In  Water, as  a 
Function  of  pH,  Temperature  and  Fluoride  Content. 

5!  UzlemUo  and  H.  0.  Smith,  Pacific  Northwest 
L.joratoryT'  1  Richland  Washington 


The  corrosion  rate  of  Z1rcaloy-4  was  determined  In  fluoride- 
doped  water  (100,  500,  lOOOppm)  using  a  pH  stat  system.  The 
results  were  strong  functions  of  pH,  fluoride  Ion 
concentration  and  temperature.  Ihe  calculated  amount  of 
corrosion  using  homogeneous  corrosion  rates  correlated  well 
with  the  observed  weight  loss  exhibited  by  those  same 
specimens.  Ihe  weight  loss  Indicates  that  the  normal 
passivating  film  usually  formed  on  Zircaloy  In  water  Is  not 
present.  This  result  Is  consistent  with  1)  observed 
Increase  In  corrosion  rate,  2)  extensive  pitting  observed 
with  scanning  electron  microscopy,  3)  detected  fluoride  and 
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oxyfluorlde  compounds  of  zirconium  on  the  surface  observed 
via  photo-electron  spectroscopy,  and  4)  Zlrcaloy  components 
In  solution  In  the  fluoride-doped  water.  Anodized  Zlrcaloy 
specimens  are  observed  to  be  attacked  at  a  similar  rate  to 
the  non-anodlzed  material.  Furthermore,  specimens  exhibit  a 
temporary  elevation  of  corrosion  rate  when  they  are  cycled 
from  high  corrosion  rate  to  low  corrosion  rate  conditions. 

It  can  be  concluded  that  fluoride  In  the  water  Influences  the 
corrosion  rate  of  Zlrcaloy  by  modifying  the  passivation 
properties  of  the  oxide  film. 


(a)  The  Yucca  Mountain  Project  of  the  U.S.  DOE  Is 
Investigating  the  suitability  of  a  site  In  the  unsaturated 
zone  at  Yucca  Mountain,  Nevada,  for  a  high-level  waste 
repository. 

(b)  Pacific  Northwest  Laboratory  Is  operated  for  the  U.S. 
Department  of  Energy  by  Battelle  Memorial  Institute  under 
Contract  DE-AC06-76RL0  1830. 

U7 . 32 

CORROSION  BEHAVIOR  OF  ZIRCALOYMN  AQUEOUS  MEDIA 

Anna  C.  Fraker  and  Jonice  S.  Harris,  National  Institute  of 

Standards  and  Technology,  Gaithersburg,  MO  20899. 

Zircaloy-2  (Zr-2)  and  Zircaloy-4  (Zr-4)  are  used  as  nuclear 
fuel  cladding.  Both  alloys  are  more  than  ninety  eight  per¬ 
cent  zirconium  (Zr)  and  are  highly  corrosion  resistant  to 
various  media.  The  thickness  of  nuclear  fuel  cladding  is 
less  than  1  mm,  and  It  is  important  to  establish  whether  the 
cladding  will  remain  intact  for  the  required  time  periods  of 
nuclear  waste  storage.  Electrochemical  measurements  using 
polarization  techniques  have  been  made  on  these  alloys  in 
aqueous  media  with  a  pH  of  8.3  and  varying  ionic  concentra¬ 
tions  (IX  and  1  OX )  at  temperatures  «f  22°C  and  95°C. 

Results  of  open  circuit  electrode  potential  measurements 
indicate  that  the  Zircaloys  passivate  after  immersion  in  the 
test  media  used.  Anodic  polarization  measurements  in  concen¬ 
trated  media  at  95°C  show  a  passive  region  extending  over  a 
range  of  -400  millivolts  to  +850  millivolts  where  breakdown 
occurred.  All  potentials  were  measured  versus  a  saturated 
calomel  electrode  ( SCE ) -  Cyclic  polarization  curves  show  the 
same  passive  region  and  breakdown  potential  and  in  addition, 
show  hysteresis  in  the  return  portion  of  the  curve.  The 
hysteresis  indicates  possible  susceptibility  to  localized 
corrosion,  and  selected  experimental  parameters  were  varied 
to  investigate  the  reason  for  the  hysteresis.  Measured  cor¬ 
rosion  rates  were  low,  but  some  white  corrosion  product  was 
observed  in  one  area  after  a  thirty  day  exposure  at  95°C. 

Data  will  be  Kresented  and  discussed  In  terms  of  corrosion 
rates,  passivity,  breakdown  potential  and  susceptibility  to 
localized  corrosion  under  the  conditions  studied. 

*Zircaloy  is  a  registered  trademark  of  the  Westinghouse 
Electric  Corp.,  Specialty  Metals  Division,  Pittsburgh,  PA 

U7.33 

POTENTIODYNAMIC  POLARIZATION  STUDIES  OF  CANDIDATE 
CONTAINER  MATERIALS  IN  SIMULATED  TUFF  REPOSITORY 
ENVIRONMENTS.  John  A.  Beavers  and  Neil  G.  Thompson, 

Cortest  Columbus,  Inc.,  Columbus,  Ohio. 

Cortest  Columbus  is  investigating  the  long-term 
performance  of  container  materials  used  for  high-level 
waste  packages  as  part  of  the  information  needed  by  the 
Nuclear  Regulatory  Connission  to  assess  the  Department  of 
Energy's  application  to  construct  a  geologic  repository 
for  high-level  radioactive  waste.  In  one  task  of  the 
program,  a  cyclic  potentiodynaraic  polarization  (CPP) 
technique  is  being  used  to  evaluate  the  corrosion 
behavior  of  tha  candidate  container  materials,  which 
include  copper-base  alloys  and  Fe-Cr-Ni  alloys.  In  order 
to  evaluata  the  expected  range  of  environmental  variables 
(groundwater  composition  and  temperature),  a  statistical 


experimental  design  approach  is  being  used.  Complete 
matrices  of  CPP  tests,  which  consist  of  33  environments, 
have  been  completed  on  four  candidate  container 
materials;  CDA  102  Copper,  CDA  715  Copper-Nickel,  Type 
304L  Stainless  Steels  and  Ineoloy  Alloy  825.  The  test 
matrix  was  a  Resolution  IV  experimental  design  for  15 
environmental  variables,  including  temperature  and  pH, 
species  present  in  the  groundwater,  and  those  generated 
by  radiolysis.  In  these  environments ,  all  four  alloys 
tested  exhibited  a  wide  range  of  behavior  including 
passive  behavior,  pitting,  crevice  corrosion  and  active 
corrosion.  The  CPP  behavior  of  the  Fe-Cr-Ni  alloys  was 
found  to  conform  with  a  conventional  interpretation  of 
CPP  curves  while  this  was  not  the  case  for  the  copper- 
base  alloys. 

U7. 34 

MIGRATION  BEHAVIOR  OF  URANIUM  SERIES  NUCLIDES 
IN  ALTERED  QUARTZ-CHLORITE  SCHIST.  T.  Ohnuki, 

T.  Murakami,  K.  Sekine,  N.  Yanase,  H.  isobe 
and  Y.  Kobayashi,  Department  of  Environmental 
Safety  Research,  Japan  Atomic  Energy  Research 
Institute,  Tokai,  Ibaraki,  319-11,  Japan 

Migration  behavior  of  uranium  series  nuclides 
in  the  altered  quartz-chlorite  schist  has  been 
studied  utilizing  data  on  the  concentration 
distribution  of  uranium  and  thorium  series 
nuclides  at  Koongarra  in  Australia.  The 
distribution  of  234U/23BU  and  230Th/234U  activity 
ratios  in  the  schist  reveals  that  the  migration 
behavior  of  uranium  series  nuclides  differs 
between  depths.  The  variation  of  230Th/234U 
activity  ratios  against  distance  along  the 
surface,  intermediate  and  deep  layers  shows 
different  trend  in  different  layers.  The  X- 
ray  diffraction  patterns  of  the  three  rock 
samples  collected  at  different  layers  show; 
quartz  is  found  in  all  layers;  chlorite  is 
present  only  in  the  deep  layer;  kaolinite- 
smectite  and  goethite  which  are  conversed  from 
chlorite,  in  the  intermediate  layer,  and 
kaolinite-smectite,  goethite  and  hematite  which 
are  conversed  from  chlorite  in  the  surface 
layer.  Relationships  between  234u/23BU  and 
230Th/23BU  activity  ratios  along  the  surface, 
intermediate  and  deep  layers  reveal  that  the 
retardation  factors  of  234U  are  greater  by  a 
factor  of  1.1  and  1.9  than  those  of  23BU  in  the 
surface  and  Intermediate  layers,  respectively. 
These  suggest  that  different  uranium  adsorption 
between  depths  is  probably  due  to  different 
mineral  assemblages. 

U7.35 

MIGRATION  OF  ANIONIC  SPECIES  OF  RADIOACTIVE 
COBALT  THROUGH  SOIL.  Toshlhlko  Ohnuki, 

Department  of  Environmental  Safety  Research, 

Japan  Atomic  Energy  Research  Institute, 

Shirakata,  Tokai,  Ibaraki,  Japan  and  David  E. 
Robertson,  Chemical  Science  Department,  Pacific  Northwest 
Laboratories,  Richland,  WA. 

The  migration  of  an  anionic  species  of  ‘°Co  through  soil 
has  been  examined  utilizing  data  on  the  migration 
of  radionuclides  leached  from  an  aqueous  waste 
disposal  site.  Correlation  coefficients  between 
the  concentrations  of  the  anionic  species  of  ‘“Co 
and  those  of  particulate,  cationic  and  non-ionic 
species  of  ‘°Co  reveal  that  the  anionic  species 
of  ‘°Co  was  not  interconversed  with  other 
species  during  migration.  The  cross¬ 
correlations  between  the  concentrations  of  the 
anionic  species  of  60Co  gives  a  calculated 
retardation  factor  of  the  anionic  species  of  ‘°Co 
of  approximately  19  being  1200  times  lower  than 
the  laboratory  measurements.  The  average 
concentration  distribution  of  the  anionic  species 
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of  60Co  suggests  that  the  migration  of  the 
anionic  species  of  60Co  consists  of  two  migration 
fractions  which  was  characterized  by  different 
migration  mechanism. 

U7.36 

SHINZO  UETA  «  ANO  NAOTAKE  KATOH  ** 

*  Naka  Nuclear  Development  Center  of  Mitsubishi  Metal  Corp. , 

Mukonyama  1002-14,  Naka-machl,  Ibarakl  311-02,  Japan. 

•♦Kogakuln  Unlv. ,  1-24-2  Nlshlshlnjuku,  Tokyo  160,  Japan. 

Sorption  is  one  of  the  most  Important  mechanisms  for  the 
migration  of  radionuclide  which  released  from  the  nuclear  wastes. 

The  sorption  behaviors  strongly  depend  on  the  chemical  species 
of  radionuclides.  Therefore  It  Is  necessary  to  study  on  the 
migration  from  the  point  of  view  of  chemical  forms. 

We  carried  out  the  column  experiments,  where  Co  was  used  as 
the  tracer  elements.  The  tracer  solutions  were  prepared  to  treat 
three  deferent  chemical  forms  of  Co2+  Co(0H)2,  and  Co-EDTA.  In 
the  sand  column  which  simulated  the  natural  barrier,  Co2*  and 
Co(0H)2  could  be  well  retained  and  Co-EDTA  showed  no  retardation. 

On  the  contrary,  Co-EDTA  could  be  retained  In  the  column  filled 
with  artificial  absorbent,  for  example  activated  carbon  and 
$11 ica-almlna,  then  the  distribution  coefficients  were  about  60 
ml/g  In  each  case.  In  these  experiments,  the  breakthrough  curves 
of  Co2+,  Co(0H)2,  and  Co-EDTA  showed  good  agreements  with  the 
calculations  which  based  on  the  ion  exchange,  filtration,  and 
absorption  model,  respectively. 

U7.37 

GRIMSEL  COLLOID  EXERCISE.  C.  DECUELDRE.  Paul  Schcrrer  Institute.  CH-5232 
Villingen,  Switzerland 

The  Grimsel  Colloid  Exercise  is  an  inicrcompanson  exercise  which  consisted  of  an  in  situ 
sampling  phase  followed  by  a  colloid  characterization  step.  The  goal  of  this  benchmark, 
which  involved  12  laboratories,  is  to  evaluate  both  sampling  and  characterization  techniques 
with  emphasis  on  the  colloid  specific  size  distribution.  The  sampling  took  place  at  the 
Grimsel  Test  Site  (NAGRA  facility)  and  colloids  were  sampled  from  the  water  flowing  in 
the  granitic  fracture.  The  production  of  colloid  samples  was  carried  out  in  duplicate  by  cross 
flow  filtration  (CEA,  PSI)  and  by  tangential  flow  filtration  (AECL,  UKAEA)  while 
unfiltered  water  was  also  collected.  CEA  and  PSI  produced  colloid  samples  on  membranes 
changing  both  the  pore  size  (3  -450  nm)  and  the  volume  of  water  collected  (20  - 150  ml). 
The  colloid  concentrates  were  yielded  by  tangential  nitration  with  a  cut-off  of  1.5  (AECL) 
and  2.1  (UKAEA)  nm  respecuvely.  the  former  concentrate  being  produced  after  a  1  pm 
prefiltration.  While  shipping  and  storage  may  affect  the  colloid  samples,  as  well  as  the 
composiuon  of  both  unfiltcred/filtered  water  and  concentrate  samples,  major  element 
composiuon  of  the  fluid  samples  was  comparable  for  the  chemical  analysis  groups. 
However,  C02  contamination  from  the  air  decreases  the  pH  from  9.6  to  about  8  while 
increasing  the  total  inorganic  carbon.  The  exercise  differentiates  the  colloid  samples 
produced  on  site  from  those  obtained  after  transfer  of  the  fluid  samples  in  the  laboratory.  The 
colloid  concentration  esumated  by  transmission  electron  microscopy  and  by  gravimetry  is 
around  1014  pt.f1  for  diameters  larger  than  10  nm.  For  colloids  larger  than  50  nm  the 
concentration  measured  by  scanning  electron  microscopy  is  about  1010  pul'1.  For 
colloids/particles  larger  than  450  nm,  the  concentration  measured  by  gravimetry,  scanning 
electron  microscopy  and  single  panicle  counting  is  about  2  107  pLl'1.  On  a  weight  basis,  the 
total  colloid  and  parucle  concentration  measured  by  gravimetry,  laser  photoacousuc 
spectroscopy,  chemical  analysis  of  fluid  samples,  scanning  electron  microscopy,  single 
panicle  counting  and  static  light  scattering  is  200  ±  100  ppb.  They  consist  of  silica, 
illite/muscovite,  bioutc,  calcium  silicate,  and  organic  material.  These  panicles  are  negatively 
charged  in  the  in  situ  conditions  and  the  average  cumulative  specific  size  distribution  is 
given  by:  loglcoll]  »  15.82fi0.36)  -  3.17(±O.16)log0  with  0  the  colloid  diameter  ranging 
from  10  to  10,000  nm  and  [coll]  given  in  pU'1.  On  the  basis  of  an  average  site  density  of  3 
nm’  the  calculated  cation  exchange  capacity  is  of  the  order  of  nM  and  below  the  detection 
limit  of  the  classical  CEO  tests.  These  results  are  discussed  on  the  basis  of  ihe  detection 
limit,  lateral  resolution  and  counting  conditions  of  the  techniques  (precision)  as  well  as  the 
sample  preparation  (accuracy).  The  main  recommendauons  are  the  need  of  in  situ  sampling, 
track  of  artefact  production  (e.g.  ion  retention,  aggregation  ...)  and  the  minimization  of 
potential  contamination  during  sample  preparation.  Details  on  this  study  are  published  in  a 
PS  1/N  AG  R  A/CEC  report. 

U7.38 

AITHIGKMC  CLAY  MINERALS  IS  THE  RUSTLER  FORMATION ,  WIPP  SITE 
AREA,  NEW  MKKICX).  Douglas  CL  Brookins,  University  New 
Mexico,  Altxiquf-rqu*;,  NM  87131;  Steven  J.  1  anther t  ,  Sandta 
National  Labora tones,  Albuquerque,  NM  87185;  and  David  H. 

Wal'd ,  ImverEity  of  New  Mexico,  Albuquerque,  NM  87181. 

Transuranic  waste  is  planned  for  disposal  tn  the  Late 
Permian  evaporites  of  the  Delaware  Basin,  southeastern  New 


Mexico,  at  the  WIPP  Site.  The  disposal  horizon  is  located 
in  the  bedded  halite  of  the  Salado  Formation,  which  is 
overlain  by  the  impure  halite-anhydrite  (gypstxn)-siltstone- 
mudstone  of  the  Rustler  Formation.  The  Rustler  Formation 
also  contains  two  dolomite  members,  the  Magenta  and  Culebra, 
which  transmit  water.  The  Culebra  Member  is  suspected  to 
have  actively  interacted  with  waters  at  time(s)  from  the 
Late  Permian  to  the  present,  and  it  is  important  to  assess 
the  reactivity  of  these  waters  in  conjunction  with  KIPP  Site 
stability. 

We  have  investigated  the  Rb-Sr  systematics  of  clay  minerals 
from  the  Culebra  Member  and  elsewhere  in  the  Rustler 
Formation.  By  separating  the  less  than  0.5  micron  size 
material  we  are  able  to  deal  with  presumed  true  authigenic 
clay  minerals.  The  authigenic  fraction  is  especially 
sensitive  to  chemical  and  isotopic  exchange  with  waters,  and 
exposure  to  large  amount  of  water  will  reset  the  clay 
minerals  to  such  a  time.  Our  data  yield  a  250  +  Ma  Rb-Sr 
isochron,  which  is  consistent  with  the  Late  Permian  age  of 
the  Rustler  Formation.  This  age  is  significant  in  that  it 
demonstrates  that  these  clay  minerals  have  preserved  their 
isotopic  and  chemical  integrity  since  the  Late  Permian  and 
have  not  been  subjected  to  any  pronounced  interaction  with 
waters  since.  This  information  lends  further  support  to  the 
suitability  of  the  WIPP  Site  for  transuranic  waste  disposal. 

U7.39 

IN  SITU  OBSERVATION  OF  THE  ALPHA  /  BETA  -CRISTOBALITE  TRANSITION 
USING  HIGH  VOLTAGE  ELECTRON  MICROSCOPY.  Annemarie  Meike 
Materials  and  Chemical  Sciences  Division,  Lawrence  Berkeley 
Laboratory,  Berkeley,  CA  94720;  and  William  Glassley,  Earth  Sciences 
Division,  Lawrence  Livermore  National  Laboratory,  Livermore,  CA 
94550. 


To  predict  the  behavior  of  ihe  near-field  environment  of  high-level 
radioactive  waste  containers,  single  phase  dissolution  and  precipitation 
kinetics  data  are  required.  In  the  course  of  obtaining  such  data  on 
cristobalite  at  LLNL,  ii  was  noted  that  synthetic  cristobalite  dissolved  at 
rates  slightly  higher  than  natural  cristobalite.  Detailed  characterization 
of  fhe  starting  materials,  using  the  1.5  Mev  High  Voltage  Electron 
Microscope  (HVEM)  at  LBL,  revealed  that  both  samples  contained  beta- 
cristobalite  and  amorphous  silica,  in  addition  lo  alpha-cristobalite.  To 
understand  the  mechanism  responsible  for  the  apparent  metastable 
persistence  of  beta-cristobalite  and  amorphous  silica,  in-silu 
experiments  were  conducted  on  synthetic  alpha-cristobalite  using  an 
environmental  cell  in  which  it  was  possible  to  introduce  either  dry  C02 
or  a  C02  +  H20  vapor  during  heating  and  cooling  sequences.  Direct 
observation  of  electron  diffraction  patterns  during  the  experiments 
suggests  that  the  presence  of  water  vapor  affects  the  alpha-beta 
transition  temperature,  and  may  be  responsible  in  part  for  the 
development  of  a  stability  field  for  amorphous  silica  at  the  transition. 
Preliminary  results  suggest  thai  the  temperature  interval  over  which 
amorphous  silica  may  persist  could  be  several  tens  of  degrees.  The 
amorphous  phase  was  not  observed  during  the  dry  heating  experiments. 
Because  a  high  temperature,  water-saturated  vapor  phase  is  expected  to 
persist  in  the  near-field  environment  lor  several  hundred  years,  the 
chemical  and  mechanical  properties  of  the  proposed  repository  tuff  may 
be  modified  by  the  development  of  amorphous  silica  from  cristobalite. 
Further  work  is  continuing  in  order  to  more  precisely  characterize  the 
properties  of  this  structural  transition  and  its  implications  for  near¬ 
field  behavior. 

Performed  under  contract  W-7405-ENG-48  for  Department  of  Energy 
Office  of  Civilian  Radioactive  Waste  Management,  Yucca  Mountain  Project. 

U7.40 

ESTIMATION’  OF  LONG-TERM  DURABILITY  OF  BENTONITE  FROM  THE 
THERMAL  HISTORY  OF  MURAKAMI  DEPOSIT,  JAPAN.  G.  Kamei, 

T.  Arai,  Y.  Yusa,  N.  Sasaki,  Power  Reactor  6  Nuclear  Fuel 
Development  Co.,  Tokai-mura,  Ibaraki,  Japan,  H.  Takano,  Dia 
Consultants  Company ,  Ikebukuro,  Toshuna-ku,  Tokyo,  Japan. 

The  illitization  of  smectite  in  natural  environment  affords 
information  on  the  long-terni  durability  of  bentonite  which 
is  a  candidate  for  buffer  materials.  Murakami  bentonite 
deposit,  central  Japan,  where  the  bentonite  and  rhyolitic 
intrusive  are  distributed,  was  surveyed  and  lateral  varia- 
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tion  of  smectite  to  illite  in  the  aureole  of  the  rhyolite 
was  studied. 

Geochronology:  The  radiometric  ages  of  some  minerals  from 
the  intrusive  rock  and  the  clay  deposit  were  measured. 
Comparison  of  the  mineral  ages  (obtained  by  K-Ar,  Rb-Sr, 
and  fission  track  methods)  with  closure  temperature  esti¬ 
mates  for  the  various  isotopic  systems  has  allowed  the 
thermal  history  of  the  area.  The  age  of  the  intrusion  was 
7.1±0.5Ma  (at  3S0°C) ,  and  the  cooling  rate  of  the  intrusive 
rock  was  estimated  to  be  30-60  °C/Ma. 

Durability  of  bentonite:  The  reported  values  of  the  fission 
track  age  of  zircon  in  the  bentonite  around  Murakami  mine 
are  mostly  within  the  range  from  16  to  18  Ma.  The  age  of 
zircon  in  the  bentonite  obtained  at  Murakami  mine  is,  how¬ 
ever  7.3±0.4  Ma,  which  is  very  close  to  that  of  the  intru¬ 
sion.  The  latter  value  must  be  explained  as  the  result  of 
annealing  for  fission  tracks  in  ziron.  Hurford  (1986)  re¬ 
ported  that  minimum  temperature  of  the  annealing  is  taken  to 
be  190  °C  for  a  10-100  °C/Ma  cooling  rate.  The  annealing 
and  the  estimated  cooling  rate  concludes  that  illitization 
was  not  scarcely  occurred  in  1.6-2.6Ma  under  the  temperature 
range  from  190  °C  to  100  °C. 

The  waterchemistry  related  with  the  illitization  was  also 
discussed  from  the  isotope-geochemical  point  of  view. 

U7.41 

DIFFUSION  OF  SODIUM  AND  COPPER  IN  COMPACTED  SODIUM 
BENTONITE  AT  ROOM  TEMPERATURE  A.  Muurinen,  K. 
Uusheimo  and  M.  Olin.  Technical  Research  Centre  of 
Finland,  Reactor  Laboratory,  Otakaari  3A,  SF-02150 
ESPOO,  Finland 

Compacted  sodium  bentonite  has  been  considered  as 
possible  buffer  material  for  final  disposal  of 
spent  fuel  in  many  countries.  For  safety  analysis 
the  migration  mechanisms  of  substances  in  bentonite 
and  the  corresponding  parametres  must  be  known.  In 
this  research  the  diffusion  mechanisms  of  sodium 
and  copper  in  bentonite  were  studied  experimentally 
at  room  temperature. 

Diffusion  of  sodium  seems  to  follow  similar 
mechanisms  as  has  been  observed  for  cesium  and 
strontium  in  several  previous  studies.  The 
phenomena  could  be  explained  by  6ome  kind  of 
diffusion  of  sorbed  ions  or  surface  diffusion.  The 
measured  apparent  diffusivities  of  sodium  varied 
from  5  •  10”'^  to  3*10~10  m2/s  and  the  effective 
diffusivities  from  8*10-11  to  1.6-10-9  m2/s 
depending  on  the  density  of  bentonite  and  the  salt 
concentration  of  water  solution. 

Low  solubility  of  copper  caused  precipitation  thus 
interfering  the  diffusion  experiments.  However, 
the  part  of  copper  which  did  diffuse  into  bentonite 
seemed  to  follow  the  same  type  of  mechanism  as 
sodium.  The  measured  apparent  diffusivities  of 
copper  varied  from  5*10-*2  to  5*10-11  m2/s. 

U7.42 

THERMAL  BEHAVIOUR  OF  BACKFILL  MATERIAL  FOR  A  NUCLEAR  FUEL 
VASTE  DISPOSAL  VAULT,  R.N.  Yong  and  A.M.O  Mohaned, 
Geotechnical  Research  Centre,  McGill  University,  8167 
Sherbrooke  Street  V.,  Montreal,  Quebec  H3A  2K6,  and 
S.C.H.  Cheung,  Atomic  Energy  of  Canada  Limited,  Vhiteshell 
Nuclear  Research  Establishment,  Pinava,  Manitoba,  Canada 
ROE  1LO. 

One  of  the  performance  requirements  of  the  backfill  material 
in  a  nuclear  fuel-vaste  disposal  vault  is  to  effectively 
conduct  heat  generated  by  the  decay  of  the  waste  into  the 
surrounding  cock.  This  paper  presents  the  experimental 
results  of  the  thermal  behaviour  of  the  reference  Canadian 
backfill  material  subjected  to  various  temperature 
gradients.  The  results  shov  that  the  tine  for  the  backfill 
material  to  establish  thermal  equilibrium  under  a  tempera¬ 


ture  gradient  is  much  shorter  than  that  required  for 
moisture  equilibrium.  The  migration  of  moisture  in  the 
backfill  has  little  effect  on  the  heat  transfer  process. 

U7.4  3 

A  COUPLED  CHEMICAL-MASS  TRANSPORT  SUBMODEL  FOR  PREDICTING 
RADIONUCLIDE  RELEASE  FROM  AN  ENGINEERED  BARRIER  SYSTEM 
CONTAINING  HIGH-LEVEL  WASTE  GLASS.  B.  P.  McGral).  D.  W. 
Engel,  M.  J.  Apted,  A.  M.  Liebetrau,  Battel  1 e ,  Pacific 
Northwest  Laboratories,  P.  0.  Box  999,  Richland,  WA  99352, 
and  N.  Sasaki,  Power  Reactor  and  Nuclear  Fuel  Development 
Corporation,  Tokai-mura,  Ibaraki-ken,  Japan. 


Battelle,  Pacific  Northwest  Laboratories  is  assisting  the 
Power  Reactor  and  Nuclear  Fuel  Development  Corporation  of 
Japan  (PNC)  In  developing  models  to  predict  the  performance 
of  an  engineered  barrier  system  (EBS)  in  a  deep  geologic 
repository  for  the  permanent  disposal  of  high-level  nuclear 
waste.  Mass  transport  models  developed  at  the  University  of 
California-Berkeley  and  implemented  in  the  Analytical 
Repository  Source-Term  (AREST)  computer  code  for  spent  reactor 
fuel  were  modified  to  accommodate  the  borosillcate  glass  waste 
forms  being  considered  by  PNC.  An  analytical  solution  to 
the  mass  balance  equations  was  derived  that  demonstrates  the 
importance  of  understanding  the  kinetics  of  glass/water 
interactions  to  accurately  predict  diffusive  mass  transfer 
rates  into  the  host  rock.  Preliminary  results  with  the 
modified  AREST  code  show  that,  unlike  spent  fuel,  a 
distribution  of  containment  failures  over  time  does  not 
significantly  reduce  the  peak  release  of  U-238  and  Cs-135 
from  the  glass  relative  to  a  limiting  case  in  which  all 
containers  are  assumed  to  fall  simultaneously. 

U7.44  ABSTRACT  WITHDRAWN 
U8.1  ABSTRACT  NOT  AVAILABLE 

U8.2 

OXIDATION  OF  U02  FUEL  BY  RADICALS  FORMED  DURING  RADIOLYSIS 
OF  WATER.  S.  Sunder.  D.W.  Shoesmlth,  H.  Christensen*,  N.H. 
Miller  and  M.G.  Bailey,  Geochemistry  and  Waste  Immobiliza¬ 
tion  Division,  Atomic  Energy  of  Canada  Limited,  Whiteshell 
Nuclear  Research  Establishment,  Pinava,  Manitoba,  Canada 
ROE  1L0;  ‘Studsvlk,  S-611  82  Nykoplng,  Sweden. 

Our  studies  have  shown  that  the  radical  species,  formed 
during  radiolysis  of  water,  are  much  more  effective  in 
causing  U02  oxidation  than  the  molecular  oxidants  formed 
during  radiolysis  of  water  or  present  in  water  from 
atmospheric  sources.  The  effects  of  specific  radicals  on 
U02  oxidation  were  determined  by  controlling  the  solution 
chemistry,  during  radlolysls,  to  maximize  the  yield  of  a 
particular  radical.  The  rate  of  oxidation  of  U02  during 
radiolysis  was  monitored  by  recording  the  corrosion 
potential  of  the  U02  electrode  as  a  function  of  time. 

Under  steady-state  conditions,  the  corrosion  rate  can  be 
obtained  from  the  corrosion  potential  by  doing  an 
electrochemical  Tafel  analysis.  Our  studies  suggest  that 
the  oxidation  of  U02  ,  in  irradiated  de-oxygenated 
solutions,  consists  of  two  stages.  The  first  stage  consists 
of  the  growth  of  a  surface  film  of  composition  close  to 
U02.}j  and  similar  in  thickness  to  that  obtained  in 
unirradiated  oxygenated  solutions  over  longer  exposure 
periods.  For  small  doses,  the  rate  of  grovth  of  this  film 
appears  to  be  proportional  to  the  square  root  of  the  dose 
rate.  The  second  stage  consists  of  oxidative  dissolution 
of  this  film  (as  U0|*).  This  step  mainly  occurs  at  a  higher 
dose.  In  irradiated  oxygenated  solutions,  vhere  02  radicals 
can  reach  concentrations  of  10'*  mol-L'1,  further  surface 
oxidation  to  U02.*7  and  other  higher  uranium  oxides  occurs. 

Our  electrochemical  results  indicate  the  corrosion  rates  of 
U02  in  irradiated  solutions  are  substantially  higher  in  the 
presence  of  dissolved  oxygen  than  in  its  absence. 
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U8.3 

CONSTRAINTS  BY  EXPERIMENTAL  DATA  FOR  MODELING 

OF  RADIONUCLIDE  RELEASE  FROM  SPENT  FUEL. 

★  *  *  *  *  * 

B.  Cjrambow^,  L.O.  Werme  ,  R.  Forsyth  ,  J. 

Bruno  ,  Hahn-Meitner-Institut  Berlin,  FRG; 
*  *  *  *  * 

SKB,  Stockholm,  Sweden;  Studsvik, 

**★* 

Nykdping,  Sweden;  Royal  Institut  of  Technol¬ 

ogy,  Stockholm,  Sweden 

In  order  to  find  constraints  for  the  contribu¬ 
tions  to  fission  product  release  from  spent 
U02  fuel  we  compared  a  large  body  of  data  of 
various  fuel  types  from  research  projects  in 
Canada,  USA  and  Sweden.  There  is  evidence  that 


the  release 

data  of 

uSr  can  be 

used 

to 

describe 

the 

degradation 

(oxidation/ 

diss 

K 

tion)  of 

the 

matrix . 

A 

compilation 

of 

release 

data 

under  oxic 

conditions 

from 

the 

Swedish, 

the 

Canadian 

and 

the  US  spent 

fuel 

corrosion  program  shows  surprising  quantitative 
similarities.  After  1000  days  typical  fraction¬ 
al  release  rates  of  soluble  radionuclides  are 
10~7/d.  The  rate  of  fuel  alteration  under  oxic 
conditions  is  either  controlled  by  (1)  the 
growth  rate  of  secondary  alteration  products, 
(2)  the  solubility  controlled  dissolution  rate 
of  the  matrix  or  (3)  the  rate  of  formation  of 
oxidants  by  radiolysis.  The  various  explana¬ 
tions  and  their  quantitative  contribution  are 
discussed  in  the  paper. 

U8.4 

STATISTICAL  MODEL  FOR  GRAIN  BOUNDARY  AND  GRAIN  VOLUME  OXIDA¬ 
TION  KINETICS  IN  U02  SPENT  FUEL1 

R.B.  Stout  and  H.F.  Shaw,  Univ.  of  California  -  LLNL,  P.0. 
Box  808,  L-201,  Livermore,  CA  94550,  and  R.E.  Einziger, 
Battelle  -  PNL,  P.0.  Box  999,  Richland,  WA  99352 

The  Yucca  Mountain  Project  of  the  USDOE  is  investigating  the 
suitability  of  a  site  in  the  unsaturated  zone  at  Yucca  Mtn., 
NV  for  a  high-level  nuclear  waste  repository.  Most  of  the 
waste  will  consist  of  U02  spent  fuel  in  Zircaloy-clad  rods 
from  nuclear  reactors.  If  failure  of  both  the  waste  containers 
and  the  cladding  occurs  within  the  lifetime  of  the  repository, 
then  the  U02  will  be  exposed  to  oxygen  in  the  air  and  higher 
oxides  of  uranium  may  form.  The  oxidation  state  of  the  spent 
fuel  may  affect  its  dissolution  behavior  if  later  contacted 
by  water.  A  model  for  the  kinetics  of  spent  fuel  oxidation 
under  repository-relevant  conditions  is  thus  necessary  to 
predict  the  behavior  of  the  waste  form  for  assessing  the 
performance  of  the  repository  with  respect  to  the  containment 
of  radionuclides.  In  spent  fuel  experiments,  the  U0,  oxidation 
front  initially  propagates  along  grain  boundaries  followed  by 
propagation  into  grain  volumes.  Thus,  the  oxidation  kinetics 
is  controlled  by  two  processes  and  the  oxidation  of  spent  fuel 
fragments  will  depend  on  the  density  and  physical  attributes 
of  grain  boundaries.  With  this  In  mind,  concepts  from  statis¬ 
tical  mechanics  are  used  to  define  a  density  function  for 
grain  boundaries  per  unit  volume  per  unit  species  in  a  spent 
fuel  fragment.  Combining  the  Integral  forms  of  mass  conserva¬ 
tion  and  this  grain  boundary  density  function,  a  model  for  the 
global  rate  of  oxidation  for  a  spent  fuel  fragment  is  ob¬ 
tained.  For  rapid  grain  boundary  oxidation  compared  to  grain 
volume  oxidation,  equations  of  the  model  are  solved  and 
results  compared  to  existing  data. 

Vort  purforwud  tmdur  tht  ausptcM  of  tho  U.S.  Oopirtawot  of  tnurfly.  Offlco  of 
Civllioo  »adio«ct  w«  Watte  Monoptaant.  Yucca  Noun  tain  Project  Office,  by  the  Laurence 
Liverwore  national  Laboratory  under  contract  W-7405-EIW-M . 

U8.5 

MEASUREMENT  OF  SOLUBLE  NUCLIDE  DISSOLUTION  RATES  FROM  SPENT 
FUEL,  Charles  N.  Wilson,  Pacific  Northwest  Laboratory,  P,  0 
Box  999,  Richland,  WA  99352. 


Laboratory  tests  are  being  initiated  to  gain  a  better 
understanding  of  potential  soluble  nuclide  dissolution  rates 
from  spent  fuel  under  proposed  Yucca  Mountain  repository 
conditions.  The  release  of  actinide  nuclides,  which  account 
for  most  of  the  long-term  radioactivity  in  spent  fuel,  should 
be  limited  by  solubility  to  levels  sufficiently  low  to  meet 
Nuclear  Regulatory  Commission  controlled  release  limits.  The 
release  potential  for  soluble  nuclides  such  as  "Tc,  1J5Cs, 
126Sn,  HC  and  1WI,  which  account  for  about  1  -  2  %  of  the 
activity  in  spent  fuel  at  1000-years,  is  less  certain. 
Factors  potentially  affecting  soluble  nuclide  dissolution 
rates  include  degradation  of  the  fuel  structure  by  oxidation 
in  the  repository  air  atmosphere,  temperature,  and  fuel 
characteristics  such  as  fractional  fission  gas  release. 

Semi-static  tests  (total  water  changed  each  test  cycle  and 
periodic  sample  volumes  replenished  during  test  cycles)  with 
low  temperature  oxidized  fuel  and  "high  gas  release"  fuel  are 
being  initiated.  Semi-static  tests  are  relatively  simple  and 
simulate  potential  dissolution  scenarios  in  the  repository, 
but  do  not  measure  the  fuel  matrix  dissolution  rate  or 
indicate  the  degree  to  which  soluble  nuclides  are  preferun- 
tially  dissolved  from  limited  concentrations  at  grain 
boundaries.  Flow-through  tests  are  being  developed  to  deter¬ 
mine  the  degree  to  which  soluble  nuclides Jare  preferentially 
released  relative  to  fuel  matrix  dissolution  rates.  A 
challenging  aspect  of  the  flow-through  test  development  is 
the  measurement  of  soluble  nuclides  at  concentrations  that 
are  much  lower  than  in  the  semi -static  tests.  The  rationale 
for  conducting  these  types  of  tests,  results  from  semi -static 
scoping  tests  with  oxidized  spent  fuel,  analytical  require¬ 
ments  and  results  from  preliminary  flow-through  tests  are 
discussed. 

U9.1 

THEORETICAL  MODELING  OF  CREVICE  AND  PITTING  CORROSION 
PROCESSES  IN  RELATION  TO  CORROSION  OF  RADIOACTIVE  WASTE 
CONTAINERS,  John  C.  Walton,  Idaho  National  Engineering 
Laboratory,  P.D.  Box  1625,  Idaho  Falls,  Idaho  83415 

A  mathematical  and  numerical  model  for  evaluation  of  crevice 
and  pitting  corrosion  in  radioactive  waste  containers  is 
presented.  The  model  considers  mass  transport,  mass 
transfer  at  the  metal/solution  interface,  and  chemical 
speciation  in  the  corrosion  cavity.  The  model  is  compared 
against  experimental  data  obtained  in  artificial  crevices. 
Excellent  agreement  is  found  between  modeled  and 
experimental  values.  The  importance  of  full  consideration 
of  complex  ion  formation  in  the  aqueous  solution  is 
emphasized  and  illustrated. 

U9.2 

CORROSION  PRODUCT  IDENTIFICATION  AND  RELATIVE  RATES  OF 
CORROSION  OF  CANDIDATE  METALS  IN  AN  IRRADIATED  AIR-STEAM 
ENVIRONMENT.*  Donald  T.  Reed,  V.  Swayambunathan,  Argonne 
National  Laboratory,  9700  South  Cass  Avenue,  Argonne,  IL 
60439;  and  Richard  A.  Van  Konynenburq.  Lawrence  Livermore 
National  Laboratory,  Yucca  Mountain  Project,  P.  0.  Box  5514, 
Livermore,  CA  94551. 

Yucca  Mountain  Project  (YMP)  is  investigating  the 
feasibility  of  constructing  a  high-level  nuclear  waste 
repository  In  the  unsaturated  zone  of  the  Yucca  Mountain 
located  in  Southwestern  Nevada.  The  high-level  nuclear 
waste  container  will  initially  be  subjected  to  an  air-steam 
environment  with  a  gamma  dose  rate  that  may  be  in  excess  of 
0.01  Mrad/h.  To  provide  input  to  the  YMP  material  selection 
process,  a  literature  review  was  performed  to  Identify  the 
nature  of  the  corrosion  products  formed  on  copper-based 
materials.  In  addition,  short-term  experiments  were 
performed  to  Identify  the  corrosion  products  formed  as  a 
function  of  irradiation  conditions.  These  data  are  also 
reported. 
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U9.5 


*Work  supported  by  the  U.S.  Department  of  Energy,  Office 
of  Civilian  Radioactive  Waste  Management,  Yucca  Mountain 
Project  Office,  under  Contract  Number  W-31-109-Eng-38. 

09.3 

A  STUDY  ON  FABRICATION  TECHNOLOGY  OF  CERAMIC  OVERPACK  - 
A  CONCEPTUAL  DESIGN  AND  FABRICATION  OF  A  FULL  SCALE  CERAMIC 
OVERPACK.  T.  Teshima,  Y.  Karita,  NGK  Insulators,  Ltd.,  Suda- 
cho,  Mizuho-ku,  Nagoya,  Japan;  H.  Ishikawa,  and  N.  Sasaki, 
Power  Reactor  and  Fuel  Development  Corp.,  Tokai-mura,  Ibaraki, 
Japan. 

Ceramic  materials  are  being  considered  as  candidate  materials 
for  overpacks  because  of  their  high  durability.  This  paper 
describes  the  conceptual  design  and  fabrication  of  a  full- 
scale  cermaic  overpack. 

The  external  pressure  loading,  equivalent  to  the  initial 
rock  pressures  at  the  depth  of  1000  m,  was  estimated  to  be  in 
the  range  of  280-S60  kg/cm  .  Materials  investigated  were 
porcelain  for  insulators,  one  of  traditional  ceramic,  and 
Al-,0-  with  high  purity  of  99.71,  one  of  specialized  ceramic. 
ThS  selected  design  consisted  of  a  cylindrical  shell  with 
hemispherical  heads  at  each  end.  The  design  thickness  of 
overpack  is  the  sum  of  the  structural  thickness  and  corrosion 
allowance.  The  thickness  required  to  resist  the  lithostatic 
pressure,  estimated  by  the  semi -empirical  design  equations 
for  buckling  of  shells  and  finite  element  stress  analyses  is 
is  119  mm  for  porcelain  and  40  mn  for  AIJJ,.  The  calculated 
corrosion  thickness  for  1000  years  (based  in  preliminary  cor¬ 
rosion  test  results)  is  20  inn  for  porcelain  and  <1  mm  for 
A1„C, ,  and  leads  to  a  design  thickness  of  ISO  mm  for  porce- 
laln“and  50  mm  for  Al.,0y 

A  full-scale  overpack  of  porcelain,  of  dimensions  800  mm  out¬ 
er  diameter  x  2200  urn  length  x  ISO  nrn  wall  thickness,  was 
fabricated  under  the  ordinary  level  of  fabrication  technology. 

U9.4 

•AN  IN1ERTRE1AT ION  OF  THE  HIGH-STRESS,  LOW-1 EMFERAfURE 
CRACKING  OF  ZIRCALOY-4  SPENT , f UEL  CLADDING. " H.  D.  Smith, 
Pacific  Northwest  Laboratory'  ,  Richland,  Washington  99352. 

Zlrcaloy  spent  fuel  cladding  Is  expected  to  inhibit  the 
access  of  the  repository  environment  to  spent  fuel  and  the 
subsequent  release  of  radionuclides  to  the  environment  after 
failure  of  the  waste  package  container.  Experiments  were 
conducted  on  Z1rcaloy-4  spent  fuel  cladding  C-rlngs  to 
ascertain  their  susceptibility  to  cracking  under  tuff 
repository  conditions.  (These  spent  fuel  rods  will  be  stored 
in  a  pressurized  state.)  This  was  accomplished  by  stressing 
the  C-rlngs  with  a  dead-weight  load  while  they  were  exposed 
to  90°C  well  J-13  water.  The  stress  levels  ranged  from  80  to 
96*  of  the  observed  yield  stress  as  determined  from 
proportional  limit  testing  of  sibling  Z1rcaloy-4  C-rlngs. 

The  C-rtngs  broke  In  26  to  245  days,  depending  on  the  stress 
level.  Fracture  characteristics  observed  by  optical 
microscopy  and  scanning  electron  microscopy  show  the 
development  of  transgranular  fractures  at  the  beginning  of 
cracking  of  the  C-rlngs.  Rapid  deformation  produces  only 
ductile  failure.  This  Indicates  that  stress  corrosion 
cracking  or  delayed  hydrogen  cracking  are  the  probable  mech¬ 
anisms  Initiating  failure.  Two  experiments  run  In  laboratory 
air  took  longer  to  fall  but  still  failed.  In  all  cases,  the 
fracture  surface  and  apparent  Initial  crack  growth  rates  were 
consistent  with  delayed  hydrogen  cracking  as  the  cause  of  the 
C-rlng  failure. 


(a)  The  Yucca  Mountain  Project  of  the  U.S.  DOE  Islnvestl- 
gatlng  the  suitability  of  a  site  In  the  unsaturated  zone  at 
Yucca  Mountain,  Nevada,  for  a  high-level  waste  repository. 

(b) Paclflc  Northwest  Laboratory  Is  operated  for  the  U.S. 
Department  of  Energy  by  Battel le  Memorial  Institute  under 
Contract  DE-AC06-76RL0  1830. 


A  CORROSION  LOCALIZATION  ASSESSMENT  OF  THE  MILD 
STEEL  USED  FOR  NUCLEAR  WASTE  PACKAGE.  Masatsune 
Akashi,  Research  Institute,  Ishikawa jima-Harima 
Heavy  Industries  Co.,  Ltd.,  Tokyo,  JAPAN 

This  paper  describes  a  study  of  the  corrosion 
behavior  of  high-level  nuclear  waste  packages 
made  of  mild  steels  in  the  geological  disposal. 

It  has  aimed  at  establishing  the  model  estimates 
the  corrosion  allowance  required  to  achieve  a 
1000-year  life. 

Series  of  galvanostatic  tests,  which  can  be 
modeled  on  the  corrosion  behavior  governed  by 
the  diffusion  of  dissolved  oxygen  in  the  neutral 
environment.  The  maximum  penetration  depth  and 
the  depth  distribution  were  measured  for  each 
specimen  by  a  sophisticated  ultrasonic  inspection 
technique . 

The  Gumbel  distribution  model  was  applied  to  the 
analysis  of  each  data  set  of  maximum  penetration 
depths.  For  the  purpose  of  the  prediction  of 
corrosion  allowance  required,  the  distribution 
parameters  were  estimated  due  to  the  linear  un¬ 
biased  estimator  method  which  allowed  for  extra¬ 
polation  in  space.  The  relations  among  the  aver¬ 
age  penetration  depth,  the  maximum  penetration 
depth  and  the  corrosion  allowance  required  were 
discussed. 

U10.1/T4.1 

FRACTAL  STRUCTURE  AND  DYNAMICS  OF  TWO  FLUID 
FLOW  IN  POROUS  MEDIA.  Jens  Feder.  Department  of  Physics, 
University  of  Oslo,  Box  1048  Blindern,  0316  Oslo  3,  Norway. 

The  flow  of  fluids  in  porous  media  leads  to  displacement  fronts  that 
are  fractal  in  many  situations.  We  discuss  results  obtained  in  exper¬ 
iments  on  two-dimensional  models.  The  dispersion  of  tracers,  the 
invasion  percolation  at  low  displacement  rates  and  the  viscous  fin¬ 
gering  at  high  displacement  rates  are  discussed.  Symmetry  breaking 
by  gravity  effects  due  to  density  differences  leads  to  crossover  phe¬ 
nomena  that  can  be  described  by  scaling  functions.  New  results  on 
the  displacement  in  three-dimensional  models  are  presented. 

Fractal  displacement  processes  exhibit  dynamic  scaling  behavior 
characterized  by  new  exponents,  which  we  discuss  in  the  context 
of  invasion  percolation. 

U10.2/T4.2 

NUMERICAL  AND  ANALYTICAL  MODELS  OF  TRANSPORT  IN 
POROUS  CEMENTITIOUS  MATERIALS.  Edward  J.  Garboczi 
and  Dale  P.  Bentz,  National  Institute  of  Standards 
and  Technology,  Building  Materials  Division, 
226/B348 ,  Gaithersburg,  MD  20899. 

Fluid  flow  under  applied  pressure  gradients  and 
ionic  diffusion  under  applied  concentration 
gradients  in  the  pore  space  of  a  cementitious 
material  are  the  key  transport  mechanisms  that  take 
place  in  these  materials.  Recent  theoretical 
developments  in  the  research  labs  of  the  oil 
exploration  industry  give  new  insight  into  how 
these  processes  can  be  successfully  modelled  at  a 
fundamental  level  for  cementitious  materials.  This 
talk  will  describe  new  computational  methods  for 
computing  effective  diffusion  constants  in  models 
of  porous  materials,  and  analytical  percolation- 
theory-based  equations  for  predicting  effective 
permeabilities.  Digitized  image  modeling 

techniques  developed  at  NIST  will  also  be 
described. 
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U10.3/T4.3 

SIZING  REQUIREMENTS  FOR  FLOW-THROUGH  GEOCHEMICAL 
TESTS  THEORETICAL  CONSIDERATIONS..  J.  D.  Hoover 

and  E.  C.  Thornton,  Westinghouse  Hanford  Company,  P.O.  Box  1970 
Richland,  WA  99352 

A  methodology  for  evaluating  test  apparatus  size  requirements  has  been 
applied  to  the  sizing  of  flow-through  tests  used  in  the  evaluation  of  coupled 
processes  in  open  hydrothermal  systems.  The  results  of  the  sizing 
evaluadon  provide  limits  on  the  apparatus  dimensions  and  test  conditions 
required  to  yield  results  representative  of  the  processes  of  interest.  It  is 
indicated  from  these  evaluations  that  this  information  is  critical  in  the 
design  of  flow-through  tests  and  in  the  interpretation  of  test  results.  Size 
considerations,  therefore,  impact  the  use  of  flow-through  test  results  in 
simulating  the  processes  expected  to  occur  in  the  near-field  environment  of 
a  nuclear  waste  repository. 

The  main  objective  of  this  size  evaluation  is  determination  of  the  column 
dimensions  and  test  conditions  necessary  to  produce  reactions  pertinent  to 
the  processes  of  interest.  The  basis  of  the  evaluation  is  treatment  of  the 
time  required  for  reactions  or  processes  of  interest  to  occur,  as  the  required 
column  residence  time  for  the  fluid.  Reaction  paths  and  reaction  times  for 
model  systems  were  determined  using  geochemical  models  involving 
reaction  rate  equations  based  on  transition  state  theory.  The  range  of 
appropriate  column  dimensions  may  then  be  obtained  using  expressions 
relating  residence  time  to  apparatus  dimensions  and  flow  conditions. 

A  finite  range  of  appropriate  column  dimensions  and  test  conditions  exist 
for  a  given  residence  time  requirement.  However,  determination  of 
appropriate  residence  time  depends  on  the  purpose  of  the  test  and 
processes  of  interest.  Factors  such  as  test  duration,  sampling  requirements, 
and  engineering  limitations  must  also  impact  the  size  and/or  scale 
requirements  and  these  criteria  can  be  used  in  the  choice  of  the  most 
practical  combination  of  column  dimensions  and  test  conditions.  It  is 
indicated  from  the  results  of  this  study  that  size  evaluations  provide  a 
technical  basis  for  the  design  and  construction  of  flow-through  tests,  and 
also  for  the  interpretation  of  test  results. 

U10.4/T4.4 

A  Lagrangian  reactive  Transport  Simulator  with 
Multiple  Paths  and  Stationary-States:  Concepts, 
Implementation  and  Verification.  R.  B.  Knapp.  L206,  Earth 
Sciences  Department,  Lawrence  Livermore  National  Laboratory,  University 
of  California,  Livermore,  California  94550 


A  geochemical  software  package  which  models  static,  single-path  kinetic 
water-rock  interactions,  EQ3/6  [Wolery,  T.  J„  Lawrence  Livermore  Na¬ 
tional  Laboratory,  UCRL-52658,  1979],  has  been  modified  to  incorporate 
multiple-paths  and  stationary  states  under  high  Peclet  number  transport 
conditions  in  a  Lagrangian  reference  frame  [Lichtner,  1988].  These 
modifications  permit  calculation  of  reactive  transport  with  reasonable 
computational  requirements.  Results  from  the  new  code,  mpeqd,  have 
been  compared  with  analytical  results  for  the  simple  HQ  -  SiC>2  system;  ex¬ 
cellent  agreements  were  achieved.  Results  from  mpeq6  have  also  been 
compared  with  published  results  [Lichtner,  P.,  Geochim.  Cosmochim. 
Acta,  52,  143-165,  1988]  for  a  portion  of  the  AI2O3  -  HC1  -  K20  -  S1O2 
system.  The  results  are  in  good  qualitative  and,  in  some  cases,  good 
quantitative  agreement.  However,  the  values  of  some  variables  differ  sub¬ 
stantially;  these  differences  can  be  attributed  to  use  of  a  different  set  of  A1 
and  Si  aqueous  species. 

U10.5/T4.5 

FRACTAL  CHARACTERISTICS  OF  FRACTURE  NETWORKS  AND  FLUID 
MOVEMENT  IN  ROCK.  Christopher  C  Barton,  Boi  23046,  MS  913,  Federal 
Ccrntr,  Denver,  CO  80223 

Society*!  need  to  recover  fluid  reaourcea  (water,  oil,  and  (as)  froa  the  Earth  and 
10  inject  tonic  waste  materials  in  a  reliable  manner  requires  quantitative  models  to 
describe  and  predict  the  movement  of  fluids  in  rock.  Easting  models  baaed  an 
pore-space  flow  are  inappropriate  for  study  of  the  more  rapid  process  of  fluid  flow 
through  (racnirc  networks.  This  type  of  flow  is  not  t  simple  funeuoo  of  the 
irscrure  characteristics  at  any  particular  scale,  but  rather  the  integratioe  of 
cootribuuoas  at  all  sealer 

Tee  mathematical  constructs  of  fractal  geometry  are  uniquely  suited  to  quantify 
ted  model  relationships  within  complex  systems  that  art  statistically  equivalent 
;  :hjt  is,  self-similar)  at  all  scales.  My  results  show  that  natural  fracture  networks 
r.  rock  follow  a  fractal  «e»n»g  law  over  six  orders  of  magnitude.  Detailed 


measurements  of  two-dimensional  samples  of  three-dimensional  fracture  networks 
(at  diverse  scales  in  rocks  of  dissimilar  age,  lithology,  and  ircmnir  setting)  show 
similar  fractal  dimensions  in  the  range  L6-1.8. 

The  small  range  in  fractal  dimension  implies  that  a  single  physical  process  of  rock 
fracturing  operates  over  a  wide  range  of  Kales,  from  microscopic  cracks  to  large, 
regional  fault  systems.  Independent  field  evidence  has  previously  demonstrated 
that  rock  It  souring  is  an  iterative  process  in  which  precasting  fractures  influence 
the  formation  of  subsequent  fractures  (such  behavior  is  characteristic  of  fractal 
processes).  The  fractal  behavior  implies  that  fracture-network  development  is 
governed  by  a  nonlinear  equation.  Fortunately,  the  ability  of  fraeul  mathematics 
to  accurately  quantify  and  model  the  system  is  not  dependent  on  specific 
knowledge  of  this  equation,  as  the  equation  has  not  yet  been  identified 

Knowledge  that  rock  fracture  networks  are  fractal  allows  use  of  from  a  one- 
dimensional  drill-hole  sample  to  predict  the  two-  and  three-dimensional  attributes 
of  the  fracture  system.  The  spacing  of  fractures  in  drill  holes  is  a  fractal  Cantor 
distribution,  and  the  range  of  fractal  dimension  is  0.6-0.8,  which  is  an  integer 
dimension  less  than  that  of  fracture-trace  patterns  expowt  on  two-dimensional, 
planar  sections  . The  pattern  of  rock-matrix  flow  can  cxhfhir  fractal  fingering,  and 
mairix  permeability  is  patchy  in  a  manner  analogous  to  fractal  percolation  dusters. 

U10.6/T4.6 

FLOW  TO  WELLS  IN  FRACTURED  ROCK  WITH  FRACTAL 
STRUCTURE.  Jim  Polek,  Kenzi  Karasalri  and  Jane  Long.  Lawrence 
Berkeley  Laboratory,  Berkeley,  CA;  and  John  Barker,  British  Geo¬ 
logical  Survey,  Wallingford,  Oxfordshire,  U.K. 

Traditionally,  models  of  fluid  transport  in  rocks  have  been  based  on 
an  integral  (Euclidean)  flow  dimension.  However,  this  assumption  is 
not  necessary  and  may  not  always  be  appropriate,  especially  for 
rocks  with  poorly  connected  fractures.  Barker  (1988)  has  formulated 
and  solved  the  equation  of  flow  to  a  well  in  a  rock  system  character¬ 
ized  by  an  arbitrary  flow  dimension. 

Using  Sierpinslri’s  carpet  and  a  random  percolating  network,  we  gen¬ 
erated  two  types  of  fractured  rock  systems  with  fractal  properties. 
We  then  simulated  hydraulic  well  tests  in  these  systems.  Both  the 
fractal  dimensions  and  the  "radial1'  fractal  dimensions  of  the  systems 
were  calculated  using  Orbach’s  (1986)  method.  The  latter  was  cal¬ 
culated  by  accounting  for  only  the  radial  component  of  the  conduc¬ 
tor.  Of  the  two,  we  found  that  the  radial  fractal  dimension  better 
describes  the  physical  processes  occuring  during  a  well  test.  The 
results  from  the  well  tests  were  in  agreement  with  Barker’s  solution 
and  a  relationship  between  the  slope  of  the  pressure  response  curve 
and  the  radial  fractal  dimension  was  found.  This  relationship  is 
significant  because  it  could  lead  to  a  value  for  the  fractal  dimension 
of  rock  from  field  well  test  data.  This  field  fractal  dimension  could 
then  be  used  to  estimate  the  rock’s  flow  geometry  and  flow  charac¬ 
teristics. 

U10.7/T4.7 

anisotropic  scaling  of  interfaces  in  porous  media. 

Miguel  A.  Rubio,  Haverford  College,  Haverford,  PA, 
a -id  UNED,  Madrid,  Spain;  Andrew  Dounhert-V.  Haver¬ 
ford  College,  Haverford,  PA;  and  Jerry  P.  Gollub, 
Haverford  College,  Haverford,  PA,  and  University 
of  Pennsylvania,  Philadelphia,  PA. 

Two-fluid  immiscible  displacement  may  produce 
self-similar  fractal  interfaces,  often  described 
by  invasion  percolation  or  DLA  models,  for  certain 
ranges  of  the  relative  viscosities  and  wetting 
properties  of  the  fluids.  These  self-similar 
structures  have  the  same  scaling  behavior  in  all 
directions , 

Here  we  show  that  when  the  displacing  fluid  is 
more  viscous  and  more  efficient  in  wetting  the 
medium,  the  interfaces  are  self-affine  fractals, 
i.e.,  they  show  different  scaling  in  different  di¬ 
rections.  We  present  experimental  results  on  the 
interfaces  obtained  when  water  displaces  air  in  a 
thin  layer  of  glass  beads.  We  have  characterized 
the  interfaces  by  computing  their  roughness 
(r.m.s.  value  of  the  interfacial  width)  as  a  func¬ 
tion  of  length  scale.  The  roughness  shows  power- 
law  behavior  with  exponent  3  -  0.73Z0.03,  indepen¬ 
dent  of  the  control  parameter  (capillary  number, 
Ca) .  This  exponent  is  related  to  the  box  dimension 
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2-fi,  and  the  divider  cr  compass  dimension  l/fi. 
This  behavior  means  that  the  interfaces  are  self- 
affine  fractals  with  a  box  dimension  of  1.27 . 


Supported  by  the  NSF  Low  Temperature  Physics 
Program  DMR-8503543.  M.A.R.  was  supported  in  part 
by  a  Fellowship  of  the  NATO  Scientific  Committee. 


U10.8/T4.8 

SIZING  AND  SCALING  REQUIREMENTS  OF  A  LARGE-SCALE  PHYSICAL 
MODEL  FOR  CODE  VALIDATION.  R.  Khaleel  T.  LeGore  and 
J.  D.  Hoover,  Westinghouse  Hanford  Co.,  Richland, ’wA. 


Post-closure  performance  assessment  and  the  associated 
application  of  mathematical  models  play  a  critical  role 
in  assessing  the  long-term  behavior  of  the  engineered 
and  natural  barriers  of  a  geologic  repository.  Although 
verification  and  benchmarking  constitute  an  important 
part  of  determining  model  acceptability,  it  does  not 
establish  that  the  model  is  a  reasonable  approximation 
to  physical  reality.  This  is  accomplished  in  the 
validation  step  in  which  model  calculations  are  compared 
with  data  from  controlled  experiments. 


Although  in-situ  field  experiments  provide  useful  data 
information  needed  for  model  validation  cannot  be 
obtained  from  field  observations  alone  because  of  the 
inherent  uncertainties  associated  with  the  natural  system 
However,  physical  models,  when  properly  scaled, 
constructed,  and  instrumented  can  provide  the  necessary 
information  for  validation  of  mathematical  models  and 
computer  codes,  and  can  overcome  many  of  the  uncertainties 
associated  with  large-scale  in-situ  testing.  The 
relationships  between  measurement,  size,  scaling,  and 
discretization  (block  size)  used  in  a  numerical  model 
must  be  incorporated  in  the  conceptualization  of  a 
physical  model.  Sizing  and  scaling  requirements  of  a 
large-scale  physical  model  for  hydrological  testing  are 
discussed.  The  justification  for  the  minimum  size  of  a 
physical  model  for  hydrological  testing  can  be  based  on 
the  nature  of  heterogeneities  introduced  into  the  model 
Results  of  numerical  simulations  used  to  determine  the 
preliminary  size  requirements  of  a  porous  medium  model 
are  presented. 

U10.9/T4.9 

PERFORMANCE  OF  CONCRETE  BARRIERS  IN  RADIOACTIVE  WASTE 
DISPOSAL  IN  THE  UNSATURATED  ZONE.  John  C.  Walton  and  Mark 
D.  Otis,  Idaho  National  Engineering  Laboratory,  P.0.  Box 
1625,  Idaho  Falls,  Idaho  83415 

Concrete  barriers  are  an  important  component  of  many  designs 
for  disposal  of  radioactive  waste  in  the  unsaturated  zone. 

In  order  to  evaluate  the  effectiveness  of  the  concrete 
barriers  performance  assessment  models  representing  the 
material  degradation  and  behavior  must  developed.  Models 
for  evaluation  of  fluid  flow  and  mass  ansport  through 
concrete  barriers  located  in  the  unsaturated  zone  are 
presented.  Implications  of  the  use  of  impermeable  membranes 
in  barrier  design  are  discussed.  The  effectiveness  of  the 
concrete  is  shown  to  be  dependent  upon  effective  design. 
Concrete  of  highest  quality  may  not  always  be  desirable  tor 
use  in  waste  disposal  vaults. 

Ull.l 


LEACHING/MIGRATION  OF  U02-FUEL  IN  COMPACTED  BEN¬ 
TONITE.  V.  Alblnsson.  G.  Skarnemark,  M.  Skftlberg, 
Department  of  Nuclear  Chemistry,  Chalmers  Uni¬ 
versity  of  Technology,  S-412  96  Gdteborg,  Sweden; 
R.  Forsyth,  Studsvik  AB,  S-611  82  Nykdping,  Swe¬ 
den;  B.  Torstenfelt,  ABB-Atom,  S-721  63  VSsteriB, 
Sweden;  L.  Werme.  Swedish  Nuclear  Fuel  and  Waste 
Management,  Box  5864,  S-102  48  Stockholm,  Sweden. 


been  proposed  as  a  suitable  backfill  material.  It 
is  therefore  important  to  investigate  the  influ¬ 
ence  of  BC  on  the  corrosion  of  spent  U02-fuel  and 
on  the  release  behaviour  of  fission  products ( FP ' s ) 
and  actinides (An's) .  In  this  investigation  the 
leaching/migration  of  FP  and  An's  from  spent  fuel 
pellets  into  highly  compacted  BC  is  measured. 

The  release  and  migration  of  the  FP's  Cs,  Eu  and 
Tc  and  the  An's  U,  Pu,  Am  and  Cm  is  measured  after 
different  contact  times  (0.3,  0.5  and  1.1  a). 
Experiments  aiming  at  longer  contact  times  are  in 
progress.  In  some  cases  small  amounts  (0.5-1%)  of 
Cu,  Fe  or  vivianite  have  been  added  to  the  BC. 

The  results  indicate  a  high  mobility  of  Cs.  The 
An's  have  a  very  low  mobility.  After  1.1  year,  Pu 
has  diffused  less  than  0.5  mm  away  from  the  fuel. 
Am  and  Cm  appear  to  be  somewhat  more  mobile.  The 
behaviour  of  Eu  is  similar  to  that  of  An(III).  Tc 
has  a  high  mobility  in  BC,  except  in  the  case  of 
iron  addition. 

U11.2 

HODELLING  THE  IN  SITU  PERFORMANCE  OF  BENTONITE- SAND  BUFFER. 
H.S.  Radhakrishna,  K.-C.  Lau,  Ontario  Hydro  Research 
Division,  Location  KR252,  800  Kipling  Avenue,  Toronto, 
Ontario,  Canada  M82  5S4,  B.H.  Kjartanson  and  S.C.H. 
Cheung,  Atomic  Energy  of  Canada  Limited,  Vhiteshell  Nuclear 
Research  Establishment,  Pinava,  Manitoba,  Canada  ROE  1L0. 

In  the  Canadian  nuclear  fuel  waste  management  concept,  a 
number  of  engineered  barriers,  such  as  the  waste  containers 
and  the  bentonite-sand  buffer,  are  used  to  inhibit  the 
transport  of  radionuclides.  The  buffer  material  is  also 
required  to  effectively  conduct  the  heat  from  the  waste 
containers  to  the  surrounding  rock.  This  paper  examines 
the  principal  processes  occurring  in  the  buffer  before 
water  saturation  takes  place,  and  the  impacts  of  such 
processes  on  buffer  performance.  Particular  emphasis  is 
placed  on  the  modelling  of  heat  and  moisture  transfer. 
Numerical  simulations  show  that  the  tempera turem  distri¬ 
bution  can  be  reasonably  predicted  by  the  Philip-DeVries 
model,  while  the  moisture  distribtion  is  found  to  be 
sensitive  to  the  transport  coefficients,  and  also  depends 
on  the  hydraulic  boundary  conditions. 

U11.3 

THE  EFFECT  OF  CRACKS  ON  DIFFUSIVE  MASS  TRANSPORT  THROUGH  A 
CLAY  BARRIER.  Nava  C.  Garisto  and  Frank  Garisto,  Atomic 
Energy  of  Canada  Limited,  Vhiteshell  Nuclear  Research 
Establishment,  Pinava,  Manitoba,  Canada  ROE  1L0 

Clay-based  barriers  are  often  proposed  as  engineered  sealing 
systems  for  underground  disposal  vaults  of  used  nuclear 
fuel.  Thus,  in  the  Canadian  conceptual  vault  design,  each 
used-fuel  container  is  emplaced  in  a  vertical  borehole  in 
rock  and  surrounded  by  a  compacted  buffer  material,  made  up 
of  a  mixture  of  sodium  bentonite  and  sand.  There  is  some 
evidence,  however,  that  the  buffer  may  be  susceptible  to 
fracturing  due  to,  for  example,  cementation  or  moisture 
depletion. 

In  this  paper  ve  estimate  numerically  the  consequences  of 
fracturing  on  radionuclide  diffusion  through  a  finite  buffer 
layer.  The  cases  studied  represent  hypothetical  crack 
widths  and  density  of  cracks  in  a  reference  system  based  on 
the  Canadian  conceptual  vault  design 

The  results  indicate  that  for  svept  away  boundary  conditions 
at  the  buffer/rock  interface,  the  total  flux  through  the 
cracked  buffer  system  is,  as  expected,  greater  than  through 
the  corresponding  uncracked  buffer.  However,  the  effect  of 
the  cracks,  which  depends  on  the  creek's  width  and  the 
inter-crack  spacing,  is  relatively  small. 


In  the  Swedish  concept  for  final  disposal  of  high-  Moreover,  for  the  case  in  which  the  rock  at  the  buffer/rock 
level  radioactive  waste,  bentonite  clay(BC)  has  interface  is  intact  and  thus,  the  mass  transport  of  material 
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from  the  buffer  into  the  rock  is  small,  the  effects  of 
cracks  on  the  total  release  flux  is  negligible. 

U11.4 

FINAL  DISPOSAL  OF  CEMENTITIOUS  WASTE  FORMS  IN  THE 
SWEDISH  REPOSITORY  FOR  REACTOR  WASTE  (SFR).  Jan  S 
Carlsson,  Swedish  Nuclear  Fuel  and  Waste  Management 
Co  (SKB),  P  O  Box  5864,  S-102  48  Stockholm,  SWEDEN. 


Disposal  of  LLW/ILW  from  the  operation  of  Nuclear 
Power  Plants  in  Sweden  takes  place  in  an  under¬ 
ground  repository  (SFR)  close  to  the  Nuclear  Power 
Plant  in  Forsmark.  The  waste  is  mainly  spent  ion 
exchange  resins  solidified  in  cement  or  bitumen. 
Approximately  90%  of  the  radionuclide  inventory 
will  be  allocated  to  a  concrete  silo  surrounded  by 
bentonite,  at  the  time  of  sealing.  This  paper  focus 
on  requirements  on  ion  exchange  resins  immobilized 
in  cement  for  final  disposal  in  the  SFR  silo. 

Apart  from  general  requirements  on  the  design 
(dimensions,  weight  etc)  and  management  (marking, 
documentation  etc)  the  requirements  could  be 
divided  into  groups  with  respect  to: 

-  radiological,  chemical  and  mechanical  properties 

To  ensure  a  diffusion  scenario  for  transport  of 
radionuclides  from  the  silo  the  surrounding  clay 
(bentonite)  barrier  has  to  be  intact. 

Gas  production  inside  the  silo,  or  swelling  of 
waste  packages,  could  crack  the  silo  walls. 

All  requirements  on  a  waste  package  and  how  they 
are  fulfilled  are  described  in  a  waste  Type  Desc¬ 
ription. 

U11.5 

MASS  TRANSFER  IN  WATER-SATURATED  CONCRETES 

Alan  Atkinson.  Peter  A  Claisse,  Nicola  M  Everitt,  Andrew  W  Harris,  and 

Alan  K  Nickerson,  Materials  Development  Division,  Building  429, 

Harwell  Laboratory,  Oxon,  OXI1  ORA,  UK 

Cements  and  concretes  are  often  considered  as  barriers  helping  to  contain 
radionuclides  in  waste  repositories.  The  performance  of  cementitious 
material  as  a  mainly  physical  barrier  to  the  escape  of  dissolved 
radionuclides  depends  on  the  mass  transfer  characteristics  of  the  chosen 
material(s).  In  particular  the  diffusion  and  sorption  behaviour  of 
individual  radionuclides  and  the  water  permeability  are  important.  These 
parameters  also  influence  the  way  in  which  the  chemistry  of  the  concrete 
is  imposed  on  the  rest  of  the  repository  and,  in  addition,  the  transport  of 
gas  through  concretes  controls  the  way  in  which  gases  escape  from  the 
repository.  These  parameters  have  been  measured  for  a  variety  of 
cementitious  materials  covering  different  types  of  structural  concrete  and 
cementitious  backfills;  all  possible  repository  construction  materials. 
Diffusion  measurements  have  been  made  using  aqueous  iodide,  strontium 
and  caesium  ions  and  tritiated  water  as  diffusing  species.  The  results 
show  that  diffusion  of  tritiated  water  is  much  more  rapid  from  that  of 
other  species  whilst  the  transport  of  strontium  and  caesium  is  hindered  by 
sorption;  particularly  in  materials  containing  blast  furnace  slag.  The 
transport  of  gas  through  these  materials  has  been  found  to  be  very 
sensitive  to  the  degree  of  water  saturation  and  is  extremely  low  in  fully 
saturated  structural  concretes.  Cementitious  backfills  have,  nevertheless, 
been  identified  that  have  have  appreciable  gas  transport  even  when  almost 
saturated. 

The  consequences  of  the  results  for  the  performance  of  cementitious 
barriers  are  discussed. 

U11.6 

COUPLED  FLOV  OF  HEAT  AND  MASS  IN  BARRIER  MATERIALS  AND  ITS 
SIGNIFICANCE,  S.C.H.  Cheung ,  Atonic  Energy  of  Canada 
Limited,  Vhiteshell  Nuclear  Research  Establishaent ,  Pinava, 
Manitoba,  Canada  ROE  1L0. 


In  a  nuclear  fuel  waste  disposal  vault,  simultaneous  non- 
congruent  flow  of  heat,  fluid  and  solutes  due  to  differences 
of  temperature,  hydraulic  potential  and  solute  concentration 
will  occur  in  the  water-saturated  clay-sealing  material. 
The  coupled  processes  have  been  assessed  by  a  method  that 
uses  irreversible  thermodynamic  processes.  The  theoretical 
results  show  that  the  coupling  effects  depend  on  the  relal- 
tive  magnitude  of  the  gradient  of  the  temperature,  solute 
concentration  and  hydraulic  potential  as  well  as  the  permea¬ 
bilities  of  the  sealing  materials  and  of  the  rock.  For  the 
Canadian  disposal  concept,  the  results  indicate  that  mass 
transport  in  the  saturated  buffer  and  backfill  should  be 
conrolled  mainly  by  molecular  diffusion. 

Ull-7 

EFFECTIVE  D1FFUSIVITY  OF  CARBON  DIOXIDE  AND  IODINE  THROUCJI 
"G  TUNNEL  TUFF'.  Tevfik  Bardakci.  Franklin  G.  King,  and  Maung 
Sein,  North  Carolina  A5T  State  University,  Greensboro,  NC,  27411. 

The  Topopah  Spring  Member  of  the  Paintbrush  Tuff  in  Yucca  Mountain, 
Nevada  is  a  prime  candidate  for  the  site  of  the  first  national  high 
level  radioactive  waste  repository.  One  of  the  questions  to  be  an¬ 
swered  in  characterizing  the  site  is  the  extent  of  diffusion  of  ra¬ 
dioactive  gases,  such  as  carbon  dioxide  and  iodine,  to  the  access¬ 
ible  environment.  The  objectives  of  this  study  were  to  measure  the 
effect  of  temperature  and  water  content  on  the  effective  diffusivity 
of  carbon  dioxide  and  the  effect  of  t empe nature  on  the  effective 
diffusivity  of  iodine  through  Topopah  Spring  Tuff  and  to  characterize 
the  pore  structure  of  Topopah  Spring  TUff.  Since  Topopah  Spring  Tuff 
samples  were  not  made  available,  experiments  were  conducted  with  tuff 
samples  from  a  nearby  location  called  Rainier  Mesa  Ash  flow  from  "G" 
tunnel. 

Information  obtained  on  the  diffusion  of  gases  through  tuff  provides 
data  to  determine  whether  the  Nuclear  Regulatory  Commission  and  En¬ 
vironmental  Protection  Agency  regulations  can  be  met.  There  is  pres¬ 
ently  no  available  data  for  the  diffusion  of  carbon  dioxide  and 
iodine,  which  are  released  from  the  nuclear  waste,  through  tuff. 

The  effective  diffusivity  of  carbon  dioxide  and  iodine  through  "G" 
tunnel  tuff  were  determined  using  a  steady-state  method  (counter 
diffusion)  and  an  unsteady-state  method  respectively.  Results  show 
that  the  effective  diffusivity  of  carbon  dioxide  and  iodine  through 
dry  tuff  increased  with  temperature.  The  effective  diffusivity  of 
carbon  dioxide  decreased  as  the  moisture  content  of  the  "G"  tunnel 
tuff  increased.  An  anprical  correlation  was  obtained  to  estimate  the 
effective  diffusivity  of  carbon  dioxide  as  a  function  temperature  and 
the  percent  saturation.  Specific  surface  area  and  pore  volume  of  the 
samples  were  determined  using  a  mercury  porosimeter.  A  scanning 
electron  microscope  was  utilized  to  further  characterize  the  porous 
structure  of  the  tuff  samples . 

Ull-8 

MC  TRANSPORT  IN  A  PARTIALLY  SATURATED.  FRACTURED,  POROUS 
MEDIUM.  W.  B  Light,  P.  L.  Charnbre,  W.  W.-L.  Lee.  and  T.  H.  Pigford, 
Department  of  Nuclear  Engineering  and  Lawrence  Berkeley  Laboratory,  University 
of  California,  Berkeley,  CA  94720. 

Radioactive  gases  released  from  waste  placed  in  the  partially  saturated  rock  would 
have  a  direct  pathway  to  the  biosphere  This  presents  a  new  problem  in  assessing 
the  potential  health  impacts  of  such  releases,  and  in  complying  with  regulations 

We  analyse  the  transport  of  ,4C  in  an  unsaturaled,  fractured,  porous  medium  with 
gas-phase  advection  and  dispersion  Gases  released  into  a  partially  saturated,  frac¬ 
tured  rock  move  in  the  fractures,  while  pore  water  is  held  inside  the  rock  matrix. 
First  we  assess  the  interaction  of  HC  in  COz  with  bicarbonate  ion  in  ground  water 
as  a  possible  retardation  mechanism.  Then  we  treat  the  combined  fracture  and  pore 
matrix  as  an  equivalent  porous  medium  with  local  carbon-distribution  equilibrium 
between  the  gas  and  liquid  phases. 

Our  results  indicate  that  liquid  in  the  rock  matrix  between  fractures  will  reach 
essentially  the  same  equilibrium  concentration  as  the  liquid  at  the  fracture  walls 
when  the  modified  Pedet  number  Lqf  /(K O  D,  is  much  less  than  unity,  where  L  is 
half  the  distance  between  fractures,  q,  is  the  gas  Darcy  velocity,  <  is  the  porosity, 
A'd  is  Ibe  equilibrium  distribution  coefficient  defined  as  the  molar  concentration  of 
liquid-phase  carbon  divided  by  the  molar  concentration  of  gas-phase  carbon,  and 
Di  is  the  liquid-phase  diffusion  coefficient. 

We  then  solve  the  equation  for  the  transport  of  14C  in  an  equivalent  porous  medium. 
With  the  retardation  just  described  the  advection  velocity  v  and  dispersion  coeffi¬ 
cient  D  obtained  for  14C  are 
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1,  (1  -S)D,+SKdD, 

«[(1  -  S)  +  SA'd]  (1  -  5)  +  SA'o 

where  5  is  the  liquid  saturation  and  D,  is  the  dispersion  coefficient  for  the  gas  phase 
The  solution  is  based  on  space-time-invariant  values  for  ; ,  S}  Kp,  qa,  Df ,  and  Di. 
Using  parameter  values  from  the  Yucca  Mountain  SCP  we  predict  peak  14C  con¬ 
centrations  at  the  ground  surface  comparable  to  the  USNRC  limit  for  unrestricted 
areas  of  10~7  pCi/cm3-Air.  In  the  paper  we  present  predicted  1<C  concentrations 
from  point  or  plane  sources,  with  either  an  impulse  or  band-release  source  term. 

U11.9 

THE  APPLICATION  OF  A  COUPLED  CHEMICAL  TRANSPORT  MODEL  IN  A 
TRIAL  ASSESSMENT  OF  DEEP  DISPOSAL  OF  LOW  AND  INTERMEDIATE 
LEVEL  RADIOACTIVE  WASTE 

Steve  Liew,  Vea  Economides,  Adrian  Dawes  and  David  Read. 
WS  Atkins  Engineering  Sciences,  Woodcote  Grove,  Ashley 
Road,  Epsom,  Surrey,  United  Kingdom  KT18  58W. 

The  UK  Department  of  the  Environment  is  developing  an 
independent  capability  to  evaluate  proposals  made  for  the 
deep  underground  disposal  of  low  and  intermediate  level 
radioactive  wastes.  Coupling  of  chemical  processes  with 
hydrodynamic  transport  has  been  identified  as  an  important 
element  of  the  assessment  strategy  and  a  suite  of  models 
has  now  been  developed  which  fully  couple  thermodynamic 
mass  action  expressions  to  advection-diffusion  terms. 

This  paper  illustrates  the  use  of  the  CHEMTARD  (Chemical 
Transport  Adsorption  Redox  and  Decay)  code  by  reference  to 
studies  on  waste  disposal  and  natural  analogue  sites 
within  the  UK.  The  role  of  such  methods  within  the 
overall  DOE  methodology  is  highlighted  through  a  trial 
assessment  of  deep  disposal  beneath  Harwell,  Oxfordshire. 

The  feasibility  of  employing  a  mechanistic  approach  to 
quantifying  sorption  processes  is  explored  and  comparisons 
drawn  with  more  simple  analytical  models  based  on  linear 
adsorption  isotherms.  The  implications  for  risk 
assessment  practices  reliant  on  the  assumption  of 
‘conservative’  parameter  distributions  or  worst  case 
estimates  is  discussed. 

Ull . 10 

ANALYSIS  OF  MASS  TRANSPORT  IN  AN  ENGINEERED  BARRIERS  SYSTEM 
FOR  THE  DISPOSAL  OF  USED  NUCLEAR  FUEL.  Nava  C.  Gatisto  and 
Dennis  M.  LeNeveu,  Atomic  Energy  of  Canada  Limited, 
Vhiteshell  Nuclear  Research  Establishment,  Pinava,  Manitoba, 
Canada  ROE  1L0. 

The  Vault  Model  has  been  developed  to  assess  the  performance 
of  engineered  barriers  in  a  conceptual  geological  disposal 
vault  for  used  nuclear  fuel.  It  represents  container 
failure,  release  of  radionuclides  from  used  fuel  and  mass 
transport  of  released  radionuclides  through  the  clay-based 
sealing  materials  surrounding  the  waste  containers.  This 
paper  focuses  on  mass-transport  processes  represented  by  the 
Vault  Model,  including  diffusion,  convection  and 
retardation. 

In  particular,  we  present  results  of  several  scoping 
calculations  carried  out  with  the  Vault  Model.  Ve  consider 
cases  where  the  clay-based  barriers  are  represented  by 
either  a  one-  or  a  two-layer  system  adjacent  to  an  Intact 
rock  and  a  case  where  the  two  clay-based  barriers  are 
adjacent  to  a  highly  fractured  rock. 

These  calculations  provide  insight  into  the  model  and 
produce  test  cases  for  comparison  with  both  relatively 
simple  analytical  estimates  and  similar  computer  codes,  as 
they  become  available.  The  analytical  estimates  generally 
support  the  Vault  Hodel  results  and  thus  enhance  our 
confidence  in  the  accuracy  of  the  Vault  Hodel  calculations. 

Ull. 11 

ATTEMPTED  VERIFICATION  OF  MATRIX  DIFFUSION  IN  GRANITE  BY 
MEANS  OF  NATURAL  DECAY  SERIES  DISEQUILI8R1A.  W.R.  Alexander.  Paul 
Sc  he  rr  tv  Institute,  3232  Vilbgen.  Switzerland;  l.G.  McKinley,  NAGRA,  3401  Baden, 
Switzerland;  A.B.  Mackenzie,  R  D  Scou.  SURRC,  Glasgow  G75  OQU,  Scotland  and 


J.  Meyer,  Min.-pet.  Institute,  University  of  Berne.  3012  Berne.  Switzerland. 


According  to  the  Swiss  concept  for  the  disposal  of  radioactive  waste,  the  materia)  will 
be  placed  in  deep  rock  formations  to  ensure  that  only  small  amounts,  if  any.  of 
radionuclides  released  from  the  waste  packages  ever  reach  the  surface  and  so  enter  the 
biosphere.  It  is,  however,  likely  that  the  rock  formation  will  be  fractured  and  that 
advection  along  the  fractures  will  be  the  dominant  mechanism  of  radionuclide 
transport  from  the  repository. 

it  has  been  suggested  that,  in  systems  where  such  adveenve  flow  is  dominant, 
radionuclides  might  gain  access  to  the  rock  surrounding  the  fractures  by  diffusion  in  a 
connected  system  of  pores  or  microfractures  -  the  so  called  ’matrix  diffusion*. 

Matrix  diffusion  is  difficult  to  study  in  the  laboratory  due  to  the  very  slow  transport 
rates  invol  ud  but  one  approach  which  can  circumvent  this  and  other  problems 
involves  the  study  of  the  natural  decay  series  in  profiles  perpendicular  to  water  bearing 
fraculres.  The  preferential  mobility  of  U  and  Th  daughters  relative  to  then  parents  can 
enhance  their  removal  from  the  bulk  rock,  by  diffusion,  to  the  fractures.  This  transport 
of  natural  decay  series  radionuclides  is  thus  analogous  to  the  diffusion  of  solute  from  a 
fracture  into  the  rock  as  considered  in  safety  analysis  models. 

in  this  paper  we  present  a  detailed  study  of  a  rock  core  in  which  there  are  clear  signs 
of  water-rock  interactions  in  and  around  a  fracture  with  an  especially  striking 
indication  of  Radium  remobilisation  across  the  fracture.  The  geochemical  data  are 
interpreted  with  the  aid  of  a  detailed  mineralogical  examination  of  the  core  in 
conjunction  with  data  from  laboratory  sorption  experiments.  A  more  realistic 
definition  of  matrix  diffusion  is  presented  and  the  implications  of  the  results  with 
respect  to  mathematical  representations  of  such  mechanisms  in  safety  assessment 
models  are  discussed. 
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November  27  -  December  1,  1989 

SESSION  VI;  PHASE  BEHAVIOR  AND 
STRUCTURE:  POLYMERS 

Chair:  C.  R.  Safinya 

Monday  Morning,  November  27 
Essex  Center  W 

8:15  »V1.1 

LINEAR  AND  STAR  POLYMERS  IN  THE  LIQUID 
STATE,  William  W.  Graesslev.  Lewis  J. 
Fetters,  Mireille  Adam,  and  Andrea  D.  Kiss, 
Exxon  Research  and  Engineering  Company, 
Corporate  Research  Laboratories,  Annandale, 
NJ. 

8:45  VI. 2 

COOPERATIVE  EFFECTS  IN  STRAINED  POLYMERIC 
NETWORKS,  Bertrand  Deloche  and  Paul  Sotta, 
Universite  de  Paris  Sud,  Laboratoire  de 
Physique  du  Solide  (CNRS-LA2),  Orsay, 
'ranee;  and  Jean  Herz,  Institut  Charles 
Sadron,  Strasbourg,  France. 

9:00  *V1 . 3 

PHASE  BEHAVIOR  AND  STRUCTURE  OF  WEAKLY 
CHARGED  COPOLYMERS,  Jean-Frangois  Joanny, 
Institut  Charles  Sadron,  Strasbourg,  France; 
and  Ludwik  Leibler.  E.S.P.C.I.,  Paris, 
France . 

9:30  VI .4 

CURVATURE  ELASTICITY  AND  STRUCTURES  OF 
SURFACTANTS  AND  BLOCK  CO-POLYMERS,  2hen-Gang 
Wang  and  S.A.  Safran.  Exxon  Research  and 
Engineering,  Annandale,  NJ. 

9:45  VI. 5 

BLOCK  COPOLYMER  AGGREGATES  IN  A  SYSTEM  OF 
TWO  IMMISCIBLE  SOLVENTS,  N.  Brandon  and  M. 
Tirreli,  University  of  Minnesota,  Department 
of  Chemical  Engineering  and  Materials  Sci¬ 
ence,  Minneapolis,  MN;  A.  Halperin,  Hebrew 
University,  The  Fritz  Haber  Research  Center 
for  Molecular  Dynhamics,  Jerusalem,  Israel. 

10:00  BREAK 

10:30  VI .6 

STRUCTURE  OF  ZWITTERIONIC  ASSOCIATING  POLY¬ 
MERS,  Y.  Shen.  C.R.  Safinya,  M.  Adam,  K.S. 
Liang,  L.  Fetters,  J.  Stokes,  and  R.  Chance, 
Exxon  Research  and  Engineering  Company, 
Corporate  Research,  Annandale,  NJ. 


♦Invited  Paper 

Short  Course  C-09,  "Fractals:  Concepts  and 
Applications  in  Materials  Science  and  En¬ 
gineering,"  may  be  of  interest  to  symposium 
attendees.  Details  regarding  course  dates 
and  instructors  are  provided  in  the  short 
course  section  of  this  program. 


10:45  VI. 7 

BLOCK  COPOLYMER  MICELLES  IN  A  SELECTIVE 
SOLVENT,  Mahn  Won  Kim.  Su-Nin  Liu,  and  T.C. 
Chung,  Exxon  Research  and  Engineering  Com¬ 
pany,  Annandale,  NJ. 

11:00  *V1 . 8 

STRUCTURAL  AND  DYNAMIC  PROPERTIES  OF  POLY¬ 
MERIC  GELS,  S.J.  Candau.  Universite  Louis 
Pasteur,  Laboratoire  de  Spectrometrie  et 
d'lmagerie  Ultrasonores ,  Strasbourg,  France. 

11:30  VI. 9 

SLOW  FLUCTUATIONS  IN  SWOLLEN  POLYMER  GELS, 
J.V.  Maher  and  M.W.  Di  Francesco,  University 
of  Pittsburgh,  Department  of  Physics  and 
Astronomy. 

11:45  VI. 10 

CHARACTERIZATION  OF  CURING  PROCESSES  IN 
POLYMERIC  SYSTEMS,  AT  VARIOUS  STOICHIOMETRIC 
RATIOS,  USING  ULTRASONIC  WAVES,  A.  Shef er . 
Ben-Gurion  University,  Chemical  Engineering 
Department,  Beer-Sheva,  Israel;  G. 
Gorodetsky,  Ben-Gurion  University,  Physics 
Department,  Beer-Sheva,  Israel;  and  M. 
Gottlieb,  Ben-Gurion  University,  Chemical 
Engineering  Department,  Beer-Sheva,  Israel. 

SESSION  V2 :  PHASE  BEHAVIOR  AND 
STRUCTURE:  SURFACTANT  SYSTEMS 

Chair:  S.  A.  Safran 

Monday  Afternoon,  November  27 
Essex  Center  (W) 

1:30  *Y 2,1 

EXPERIMENTAL  DATA  AND  THEORETICAL  INTER¬ 
PRETATION  OF  PHASE  SEPARATION  IN  PROTEIN 
WATER  SOLUTIONS  WITH  APPLICATION  TO  CATARACT 
DISEASE,  G.B.  Benedek.  D.  Blankschtein ,  M. 
Kondo,  P.  Schurtenberger ,  J.A.  Thomson,  G.M. 
Thurston,  and  M.C.  Wiener,  Massachusetts 
Institute  of  .echnology,  Department  of 
Physics  and  Center  for  Materials  Science  and 
Engineering,  Cambridge,  MA. 

2:00  *V2 . 2 

NOVEL  LIQUID  CRYSTALLINE  PHASES  OF  TOBACCO 
MASAIC  VIRUS,  R.B.  Mever .  Brandeis  Univer¬ 
sity,  Department  of  Physics,  Waltham,  MA. 

2:30  V2.3 

DIFFUSE  X-RAY  SCATTERING  STUDIES  OF  LYO¬ 
TROPIC  TUBULAR  PHASES,  E.B.  Sirota,  E.Y. 
Sheu,  C.R.  Safinya,  and  K.S.  Liang,  Exxon 
Research  and  Engineering  Company,  Corporate 
Research,  Annandale,  NJ. 

2:45  »V2 , 4 

SURFACTANTS  IN  SOLUTION:  EXPERIMENTAL  EX¬ 
AMPLES  OF  FLUCTUATING  MEMBRANES,  Didier 
Roux .  Centre  de  Recherche  Paul  Pascal, 
Domaine  Universitaire ,  Talence,  France. 

3:15  BREAK 
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3:45  *V2 . 5 

ELECTRON  MICROSCOPY  OF  COMPLEX  FLUIDS, 
Yeshavahu  Talmon.  Technion-Israel  of  Tech¬ 
nology,  Department  of  Chemical  Engineering, 
Haifa,  Israel. 

4:15  V2.6 

SYNCHROTRON  X-RAY  SCATTERING  STUDIES  OF  THE 
LYOTROPIC  L3  PHASE,  N.  Lei.  C.R.  Safinya, 
K.S.  Liang,  E.B.  Sirota,  and  R.  Plano,  Exxon 
Research  and  Engineering  Company,  Corporate 
Research,  Annandale,  NJ. 

4:30  V2.7 

BICONTINUOUS  STRUCTURE  OF  THE  "ANOMALOUS 
ISOTROPIC  PHASES  L3"  AND  MICELLAR-L3  PHASE 
TRANSITIONS,  A.M.  Belloca .  D.  Gazeau,  and  D. 
Roux,  C.N.R.S.,  Centre  de  Recherche  Paul 
Pascal,  Pessac,  France;  and  E.  Freysz, 
Universite  de  Bordeaux  I,  Centre  de  Physique 
Moleculaire  optique  et  Hertzienne,  Talence, 
France . 

4:45  V2 . 6 

FLEXIBILITY  AND  INTERACTION  MEASUREMENTS  IN 
DILUTE  LAMELLAR  PHASES  BY  DYNAMIC  LIGHT 
SCATTERING,  F.  Nallet  and  D.  Roux,  Domaine 
Universitaire ,  Centre  de  Recherche  Paul 
Pascal,  Talence,  France;  and  J.  Prost,  Ecole 
Superieure  de  Physique  et  de  Chimie  Indus- 
trielles,  Paris,  France. 

SESSION  V3 :  NON-NEWTONIAN  FLOW 
Chair:  W.  Graessley 

Tuesday  Morning,  November  28 
Essex  Center  (W) 

8:15  *V3 . 1 

NONLINEAR  FLOW  BEHAVIOR  OF  HIGH  MOLECULAR 
WEIGHT  POLYMERS,  Dale  S-  Pearson.  University 
of  California,  Santa  Barbara,  Department  of 
Chemical  and  Nuclear  Engineering  and  Materi¬ 
als  Department,  Santa  Barbara,  CA. 

8:45  V3.2 

RHEOLOGICAL  AND  KINETIC  PROPERTIES  OF  SEMI¬ 
DILUTE  SOLUTIONS  OF  ELONGATED  MICELLES,  S.  J. 
Candau .  G.  Waton,  and  F.  Merikhi,  Universite 
Louis  Pasteur,  Laboratoire  de  Spectrometrie 
and  d'lmagerie  Ultrasonores ,  Strasbourg, 
France;  and  R.  Zana,  Institut  Charles 
Sadron,  Strasbourg,  France. 

9:00  V3.3 

LIGHT  SCATTERING  EVIDENCE  FOR  "WORM-LIKE" 
MIXED  DETERGENT-DIACYLPHOSPHATIDYLCHOLINE 
(PC)  MICELLES,  R.  Chamberlin.  G.  Thurston, 
and  G.  Benedek,  Massachusetts  Institute  of 
Technology,  Cambridge,  MA;  D.  Cohen  and  M. 
Carey,  Harvard  Medical  School,  Boston,  MA. 

9:15  *Y3. 4 

SHEAR  FLOW  AND  ISOTROPIC-LAMELLAR  TRANSI¬ 
TIONS,  S.T.  Milner.  AT&T  Bell  Laboratories, 
Murray  Hill,  NJ. 


9:45  *V3 . 5 

LANDAU  THEORY  OF  THE  NEMATIC  TO  SMECTJC-A 
TRANSITION  UNDER  SHEAR  FLOW,  R.  Bruinsma . 
University  of  California,  Los  Angeles, 
Physics  Department,  Los  Angeles,  CA. 

10:15  BREAK 

10:45  V3.6 

NONEQUILIBRIUM  X-RAY  DIFFRACTION  STUDY  OF 
THE  NEMATIC-SMECTIC-A  TRANSITION  UNDER  SHEAR 
FLOW,  C.R.  Safinya.  E.B.  Sirota,  R.  Plano, 
and  N.  Lei,  Exxon  Research  and  Engineering 
Company,  Corporate  Research,  Annandale,  NJ. 

11:00  V3.7 

KINETICS  OF  THE  LATE  STAGE  GROWTH  IN  THE 
PHASE  SEPARATION  OF  A  CRITICAL  BINARY  MIX¬ 
TURE,  Serge  Lacelle  and  Franco  Cau,  Univer¬ 
site  de  Sherbrooke,  Quebec,  Canada. 

11:15  *V3 . 8 

SELF-DIFFUSION  AND  RHEOLOGY  OF  WEAKLY  IN¬ 
HOMOGENEOUS  BLOCK  COPOLYMERS,  Scott  T. 
Milner  and  Glenn  H.  Fredrickson.  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ;  Frank  S. 
Bates  and  Jeffrey  H.  Rosedale,  University  of 
Minnesota,  Department  of  Chemical  Engineer¬ 
ing  and  Materials  Science,  Minneapolis,  MN. 

11:45  V3.9 

SCALING  ANALYSIS  OF  SHEAR  THINKING  IN  POLY¬ 
MER  SOLUTIONS,  Y.  Rabin.  Weizmann  Institute 
of  Science,  Chemical  Physics  Department, 
Rehovot,  Israel;  and  H.C.  Ottinger,  ETH- 
Zentrum,  Institut  fur  Polymere,  Zurich, 
Switzerland. 

SESSION  V4 :  COLLOIDS 
Chair:  N.  A.  Clark 

Tuesday  Afternoon,  November  28 
Essex  Center  (W) 

1:30  »V4.1 

EFFECT  OF  THE  STABILIZING  COATING  AND  THE 
PRESENCE  OF  FREE  POLYMER  ON  THE  CRYSTALLIZA¬ 
TION  PHENOMENA  OF  COLLOIDAL  SUSPENSIONS,  C. 
Emits,  J.K.G.  Dhont,  and  H  .  N . W . 
Lekkerkerker .  University  of  Utrecht,  Van't 
Hoff  Laboratory,  Padualaan,  The  Netherlands. 

2:00  V4 .2 

CH.ARGE  AND  SIZE  POLYDISPERSITY  EFFECTS  ON 
THE  SCATTERING  PROPERTIES  AND  THE  HIGH 
FREQUENCY  ELASTICITY  OF  COLLOIDS,  B. 
D'Aguanno,  Rudolf  Klein.  and  N.  Wagner, 
Universitat  Konstanz,  Fakultat  fur  Physik, 
Konstanz,  West  Germany. 

2:15  *V4 . 3 

DYNAMICS  OF  CONCENTRATED  COLLOIDS,  D.A. 
Weitz .  Exxon  Research  and  Engineering  Com¬ 
pany,  Annandale,  NJ. 
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*V5 . 2 


2:45  V4 .4 

NON-DIFFUSIVE  BROWNIAN  MOTION  STUDIED  BY 
DIFFUSING  WAVE  SPECTROSCOPY,  D.J.  Pine. 
Haverford  College,  Department  of  Physics, 
Haverford,  PA;  D.A.  Weitz,  Exxon  Research 
and  Engineering  Company,  Annandale,  NJ;  P.N. 
Pusey  and  R.J.A.  Tough,  Royal  Signals  and 
Radar  Establishment,  Worchestershire ,  United 
Kingdom . 

3  :  00  V4.5 

DIELECTRIC  RELAXATION  IN  CONCENTRATED  SOLU¬ 
TIONS  OF  INVERTED  MICELLES,  J.  Sowa ,  S^ 
Bhattacharya .  M.J.  Higgins,  and  J.S.  Huang, 
Exxon  Research  and  Engineering  Company, 
Annandale,  NJ. 

3:15  BREAK 

3:45  *V4 . 6 

FORMULATION  AND  PROCESSING  OF  COLLOIDAL 
DISPERSIONS,  William  B.  Russel.  Princeton 
University,  Department  of  Chemical  Engineer¬ 
ing,  Princeton,  NJ. 

4  : 15  V4.7 

SEDIMENTATION  STUDIES  IN  NEARLY  HARD- 
SPHERE  SUSPENSIONS,  Steven  E.  Paulin  and 
Bruce  J.  Ackerson.  Oklahoma  State  Univer¬ 
sity,  Department  of  Physics,  Stillwater,  OK. 

4:30  V4.8 

NUCLEATION  OF  COLLOIDAL  CRYSTALS,  D.J.W. 
Aastuen,  C.  Swindal ,  J.  Pieper,  and  N.A. 
Clark,  University  of  Colorado,  Department  of 
Physics,  Boulder,  CO. 

4:45  *V4 . 9 

FLOW  PROPERTIES  OF  CONCENTRATED  COLLOIDAL 
SUSPENSIONS,  J.W.  Goodwin  and  R.W.  Hughes, 
University  of  Bristol,  Department  of  Physi¬ 
cal  Chemistry,  Bristol,  United  Kingdom. 

5 : 15  V4.10 

CRYSTALS  UNDER  SHEAR  AND  THE  MELTING  TRANSI¬ 
TION,  Mark  J .  Stevens .  The  Johns  Hopkins 

University,  Department  of  Physics  and  Astro¬ 
nomy,  Baltimore,  MD;  James  F.  Belak,  The 
Johns  Hopkins  University,  Department  of 
Physics  and  Astronomy,  Baltimore,  MD,  and 
Lawrence  Livermore  National  Laboratories, 
Livermore,  CA;  and  Mark  0.  Robbins,  The 
Johns  Hopkins  University,  Department  of 
Physics  ard  Astronomy,  Baltimore,  MD. 

SESSION  V5J _ APPLICATONS  OF  COMPLEX  FLUIDS 

Chair:  R.  B.  Meyer 

Wednesday  Morning,  November  29 
Essex  Center  (W) 

8:15 

RHEOLOGY  OF  PHASE  SEPARATED  BLOCK  COPOLYMER 

MELTS,  JL _ Henning  winter.  University  of 

Massachusetts,  Department  of  Chemical 
Engineering,  Amherst,  MA. 


8:45 

MICROEMULSION  PERFORMANCE  FLUIDS,  Jan  Bock . 
Exxon  Research  and  Engineering  Company, 
Corporate  Research,  Annandale,  NJ. 

9:15  *V5 . 3 

APPLICATIONS  OF  FERROELECTRIC  LIQUID  CRYSTAL 
( FLC )  ELECTRO-OPTIC  DEVICES,  Noel  A.  Clark. 
University  of  Colorado,  Department  of  Phys¬ 
ics  and  Center  for  Optoelectronic  Computing 
Systems,  Boulder,  CO. 

9:45  *V5 . 4 

MICROSCOPIC  PROCESSES  IN  MICROEMULSION 
POLYMERIZATIONS,  Francoise  Candau .  CNRS-ULP, 
ICS,  Strasbourg,  France. 

10:15  BREAK 

10:45  *V5 . 5 

THE  BEHAVIOR  OF  ELECTRIC  FIELD  DEPENDENT 
FLUIDS  UNDER  DYNAMIC  STRESSES,  Frank  E. 
Filisko .  The  University  of  Michigan,  Materi¬ 
als  Science  and  Engineering,  Ann  Arbor,  MI. 

11:15  V5.6 

DEPENDENCE  OF  THE  LOCATION  OF  DIACETYLENIC 
GROUP  ON  THE  SIZE  OF  THE  VESICLES  FROM  1,2 
DIACYL  PHOSPHOCHOLINES ,  Alok  Singh,  Naval 
Research  Laboratory,  Bio/Molecular  Engineer¬ 
ing  Branch,  Washington,  DC;  S.  Marchywka, 
Geo-Centers  Inc. ,  Ft.  Washington,  MD;  and  R. 
Shashidhar .  Naval  Research  Laboratory, 
Bio/Molecular  Engineering  Branch,  Washington 
DC;  and  Geo-Centers  Inc.,  Ft.  Washington, 
MD. 

11:30  V5.7 

FORMATION  OF  METAL  COLLOIDS  IN  INVERSE 
MICELLES  AND  MICROEMULSIONS,  J.P.  Wilcoxon 
and  R.  Williamson,  Sandia  National  Labora¬ 
tories,  Albuquerque,  NM. 

11:45  V5.8 

STRUCTURE  AND  PROPERTIES  OF  RESORCINOL- 
FORMALDEHYDE  GELS,  Stephan  A .  Letts .  S. 
Buckley  and  F.M.  Kong,  University  of  Cali¬ 
fornia,  Lawrence  Livermore  National  Labora¬ 
tory,  Livermore,  CA. 

SESSION  V6 :  INTERFACIAL  BEHAVIOR: 

Chair:  P.  S.  Pershan 

Wednesday  Afternoon,  November  29 
Essex  Center  (W) 

1:30  *V6 . 1 

STUDY  OF  POLYMER  ADSORPTION  PHENOMENA  ON  A 
SOLID  SUBSTRATE,  Mahn  Won  Kim.  Exxon  Re¬ 
search  and  Engineering  Company,  Annandale, 
NJ. 
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2 : 00  *V6.2 

MODULATED  PHASES  AND  CHIRAL  DISCRIMINATION 
IN  AMPHIPHILIC  MONOLAYERS  AT  THE  WATER/AIR 
INTERFACE,  David  Andelman.  School  of  Physics 
and  Astronomy,  Tel-Aviv  University,  School 
of  Physics  and  Astronomy,  Tel-Aviv,  Israel. 

2:30  *V6 ■ 3 

WETTING  ON  HETEROGENEOUS  SOLID  SURFACES,  S^ 
Garof f .  Carnegie  Mellon  University,  Depart¬ 
ment  of  Physics,  Pittsburgh,  PA. 

3:00  BREAK 

3:30  V6.4 

STATISTICAL  THERMODYNAMICS  OF  PHASE  TRANSI¬ 
TIONS  IN  SURFACTANT  MONOLAYER  FILMS,  R.S. 
Cantor .  Dartmouth  College,  Department  of 
Chemistry,  Hanover,  NH. 

3:45  V6.5 

X-RAY  REFLECTIVITY  OF  A  POLYMER  MONOLAYER  AT 
THE  WATER/VAPOR  INTERFACE,  M.L.  Schlossman. 
D.K.  Schwartz,  E.  Kawamoto,  G.  Kellogg,  P.S. 
Pershan,  Harvard  University,  Department  of 
Physics  and  Division  of  Applied  Sciences, 
Cambridge,  MA;  M.w.  Kim  and  T.c.  Chung, 
Exxon  Corporation  Research  Laboratory, 
Annandale,  NJ. 

4:00  V6.6 

SURFACE  ADSORPTION  STUDIES  BY  OPTICAL  SHG , 
Viola  Vogel .  C.  Mullin,  and  Y.R.  Shen, 
University  of  California,  Berkeley,  Depart¬ 
ment  of  Physics,  Berkeley,  CA;  and  Mahn  Won 
Kim,  Exxon  Research  and  Engineering  Company, 
Annandale,  NJ. 

4:15  V6.7 

X-RAY  REFLECTIVITY  STUDIES  OF  SOLID/LIQUID 
CRYSTAL  INTERFACES,  B.M.  Ocko .  Brookhaven 
National  Laboratory,  Physics  Department, 
Upton,  NY. 

4:30  V6.8 

X-RAY  REFLECTIVITY  STUDIES  OF  POLYELECTRO¬ 
LYTE  ADSORPTION  AT  THE  SOLUTION-VAPOR  INTER¬ 
FACE,  M.L.  Schlossman,  E.H.  Kawamoto.  D.K. 
Schwartz,  and  P.S.  Pershan,  Harvard  Univer¬ 
sity,  Department  of  Physics  and  Division  of 
Applied  Sciences,  Cambridge,  MA;  M.w.  Kim 
and  D.  Peiffer,  Exxon  Corporate  Research 

Laboratory,  Annandale,  NJ. 

4:45  V6.9 

NRA  STUDIES  ON  THE  INTERFACE  FORMATION  IN 
POLYMER  MIXTURES  BELOW  THE  CRITICAL  POINT, 
Ullrich  Steiner.  Jacob  Klein  and  Omer  Zak, 
Weizmann  Institute  of  Science,  Department  of 
Polymer  Research,  Rehovot,  Israel;  Kumar 
Chaturvedi ,  FBLJA  World  Laboratory  Project, 
Geneva,  Switzerland;  Georg  Krausch  and 
Gunther  Schatz,  University  of  Konstanz, 
Department  of  Physics,  Konstanz,  West  Ger¬ 
many. 


SESSION  V7 :  EXOTIC  SYSTEMS:  I 
Chair:  D.  R.  Nelson 

Thursday  Morning,  November  30 
Essex  Center  (W) 

8:00  *V7 . 1 

TWO-COMPONENT  GRAFTED  POLYMER  LAYERS,  T.  A. 
Witten.  University  of  Chicago,  Chicago,  IL; 
and  S.T.  Milner,  Exxon  Corporate  Research, 
Annandale,  NJ. 

8  :  30  *V7 . 2 

LONG-RANGE  INTERACTIONS  AND  RIGIDITY  OF 
POL; . :ERS  AND  SURFACES,  Mehran  Kardar.  Mas¬ 
sachusetts  Institute  of  Technology,  Physics 
Department,  Cambridge,  MA. 

9:00  *V7 . 3 

STATISTICAL  BEHAVIOR  OF  ELASTIC  MEMBRANES, 
S.  Leibler.  C. E.N . -Saclay ,  Service  De  Phys. 
Theorique,  Gif-Sur-Yvette ,  France. 

9:30  BREAK 

9:45  V7.4 

DEHYDRATION  OF  PROTEIN  POLYMERS  IN  CON¬ 
CENTRATED  NEMATIC  SOLUTIONS,  Judith  Herzfeld 
and  Reinhard  Hentschke,  Brandeis  University, 
Department  of  Chemistry,  Waltham,  MA. 

10:00  V7.5 

APPLICATIONS  OF  SCALING  THEORIES  FOR  POLYMER 
ADSORPTION  TO  PROTEIN  PARTITIONING  IN  TWO- 
PHASE  AQUEOUS  POLYMER  SYSTEMS,  Nicholas  L. 
Abbott .  Daniel  Blankschtein,  and  T.  Alan 
Hatton,  Massachusetts  Institute  of  Technol¬ 
ogy,  Department  of  Chemical  Engineering, 
Cambridge,  MA. 

10:15  V7.6 

PHASE  BEHAVIOR  OF  NONIONIC  AMPHIPHILE  AND 
NONIONIC  POLYMER  IN  AQUEOUS  SOLUTION,  Klaus 
R,  Wormuth,  Exxon  Research  and  Engineering 
Company,  Annandale,  NJ. 

10:30  V7 ■ 7 

LAYERED  LIQUID  CRYSTALS  AND  SUPERCONDUCTORS: 
THE  COMPLETE  STORY,  G.  Sraier.  R.  Pindak , 
J.W.  Goodby  and  M. A.  Waugh,  AT&T  Bell  Labor¬ 
atories,  Murray  Hill,  NJ;  J.s.  Patel,  Bell 
Communications  Research,  Redbank,  NJ. 

10:45  V7.8 

THERMAL  PROPERTY  EVOLUTION  TOWARD  EFFECTIVE¬ 
LY  TWO-DIMENSIONAL  SUBSTRATE- FREE  SYSTEMS, 
R.  Geer  and  C.C.  Huang.  University  of  Min¬ 
nesota,  Department  of  Physics,  Minneapolis, 
MN;  R.  Pindak  and  J.W.  Goodby,  AT&T  Bell 
Laboratory,  Murray  Hill,  NJ. 

11:00  V7.9 

DYNAMIC  RIGIDITY  PERCOLATION  IN  INVERTED 
MICELLES,  L.  Ye .  D.A.  Weitz,  Ping  Sheng,  S. 
Bhattacharya,  J.S.  Huang,  and  M.J.  Higgins, 
Exxon  Research  and  Engineering  Company, 
Annandale,  NJ. 
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11:15  V7.10 

PHASE  SEPARATION  IN  A  LIPID/WATER/UREA 
MICELLAR  SYSTEM,  Bruce  L.  Carvalho.  Massa¬ 
chusetts  Institute  of  Technology,  Department 
of  Materials  Science  and  Engineering,  Cam¬ 
bridge,  MA;  Sow-Hsin  Chen,  Massachusetts 
Institute  of  Technology,  Department  of 
Nuclear  Engineering,  Cambridge,  MA;  and  John 
S.  Huang,  Exxon  Research  and  Engineering 
Company,  Annandale,  NJ. 

11:30  V7.ll 

THE  STRUCTURE  OF  THE  BORDER  LAYER  BETWEEN 
GEL  AND  WATER,  Zenon  Bochvnski  .  Adam 
Mickiewicz  University,  Institute  of  Physics, 
Non-Crystalline  Materials  Division,  Grun- 
waldzka,  Poland. 

SESSION  V8 :  COMPLEX  FLUIDS 
Chair:  Phil  Pincus 

Thursday  Afternoon,  November  30 
Essex  Center  (W) 

1:30  V8.1 

INTERACTION  BETWEEN  GRAFTED  POLYMERIC 
BRUSHES,  Gary  S.  Grest  and  Michael  Murat, 
Exxon  Research  and  Engineering  Company, 
Annandale,  NJ. 

1:45  VJ [,2 

EFFECT  OF  MOLECULAR  WEIGHT  ON  THE  HIGH 
FREQUENCY  BULK  MODULUS,  OF  WELL  CHARACTER¬ 
IZED  POLY ( DIMETHYLSILOXANE )  POLYMERS,  ^ 
Shef er .  Ben-Gurion  University,  Chemical 
Engineering  Department,  Beer-Sheva,  Israel; 
J.R.  Emery  and  D.  Durand,  Universite  du 
Maine,  Le  Mans,  France;  M.  Gottlieb,  Ben- 
Gurion  University,  Chemical  Engineering 
Department,  Beer-Sheva,  Israel;  and  G. 
Gorodetsky,  Ben-Gurion  University,  Physics 
Department,  Beer-Sheva,  Israel. 

2:00  V8.3 

SURFACE  MODES  ON  CONCENTRATED  POLYMER  SOLU¬ 
TIONS  AND  GELS,  James  L.  Harden.  Philip  A. 
Pincus,  University  of  California,  Santa 
Barbara,  College  of  Engineering,  Materials 
Department,  Santa  Barbara,  CA;  and  Harald 
Pleiner,  Universitat  Essen,  FB  Physik, 
Essen,  West  Germany. 

2:15  V8.4 

MECHANICAL  PROPERTIES  OF  CROSSLINKED  SEMI¬ 
DILUTE  POLYMER  SOLUTIONS  NEAR  AND  FAR  FROM 
THE  GELATION  THRESHOLD,  C.  Allain.  Campus 
Universitaire,  Lab.  FAST,  Orsay,  France;  L. 
Limat,  ESPCI ,  Lab.  Physico-chimie  Theorique, 
Paris,  France;  and  L.  Salomfe,  CRPP,  Pessac, 
France . 

2:30  YB..5 

"AGGREGATION  IN  BLOCK  COPOLYMER  SOLUTIONS," 
M.  Olvera  de  la  Cruz.  Northwestern  Univer¬ 
sity,  Department  of  Materials  Science  and 
Engineering,  Evanston,  IL. 


2:45  V8.6 

MICELLIZATION  OF  TRIBLOCK  COPOLYMERS  WITH 
POORLY  SOLVATED  END  BLOCKS,  N.P.  Ralsara  and 
M.  Tirrell,  University  of  Minnesota,  Depart¬ 
ment  of  Chemical  Engineering  and  Materials 
Science,  Minneapolis,  MN;  T.P.  Lodge,  Uni¬ 
versity  of  Minnesota,  Department  of  Chemis¬ 
try,  Minneapolis,  MN. 

3:00  V8.7 

X-RAY  REFLECTION  AND  SCATTERING  STUDIES  OF 
THE  WATER-VAPOR  INTERFACE,  D.K.  Schwartz. 
M.L.  Schlossman,  E.  Kawamoto,  G.  Kellogg  and 
P.S.  Pershan,  Harvard  University,  Department 
of  Physics  and  Division  of  Applied  Sciences, 
Cambridge,  MA;  and  B.M.  Ocko,  Brookhaven 
National  Laboratory,  Department  of  Physics, 
Upton,  NY. 

3:15  BREAK 

3:45  V8.8 

X-RAY  STUDIES  OF  CYTOCHROME  C  MONOLAYERS 
BOUND  TO  LANGMUIR-BLODGETT  FILMS  AND  SELF- 
ASSEMBLED  MONOLAYERS,  J.M.  Pachence, 
Amador .  and  J.K.  Blasie,  University  of 
Pennsylvania,  Chemistry  Department,  Phila¬ 
delphia,  PA. 

4:00  V8.9 

DOMAIN  SHAPE  INSTABILITIES  IN  A  TWO-DIMEN¬ 
SIONAL  BINARY  FLUID  MIXTURE:  EPIFLUORES- 

CENCE  MICROSCOPY  AND  DIGITAL  IMAGE  ANALYSIS, 
M.  Seul  and  M.J.  Sammon,  AT&T  Bell  Labora¬ 
tories,  Murray  Hill,  NJ. 

4:15  Y8  .IP 

X-RAY  REFLECTIVITY  OF  A  LONG  CHAIN  FATTY 
ACID  MONOLAYER  AT  THE  WATER/VAPOR  INTERFACE, 
M.L.  Schlossman.  D.K.  Schwartz,  E.  Kawamoto, 
G.  Kellogg  and  P.S.  Pershan,  Harvard  Univer¬ 
sity,  Department  of  Physics  and  Division  of 
Applied  Sciences,  Cambridge,  MA. 

4:30  V8.ll 

STUDY  OF  FATTY  ACID  MONOLAYERS  DEPENDENCE  ON 
CATIONIC  INTERACTIONS  BY  ELLIPSOMETRY ,  Mahn 
Won  Kim.  Exxon  Research  and  Engineering 
Company,  Annandale,  NJ;  Bryan  B.  Sauer,  Hyuk 
Yu,  Mehran  Yazdanian,  and  George  Zografi, 
University  of  Wisconsin,  Department  of 
Chemistry  and  School  of  Pharmacy,  Madison, 
WI. 

4:45  V8.12 

ELECTROHYDRODYNAMIC  FLOW  DYNAMICS  IN  THICK 
LIQUID  CRYSTAL  CELLS,  David  H.  Van  Winkle 
and  Jit  Gurung,  Florida  State  University, 
Tallahassee,  FL;  and  Rand  Biggers,  Naval 
Coastal  Systems  Center,  Panama  City,  FL. 
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5:00  V8.13 

RADIAL  CREEPING  FLOW  BETWEEN  PARALLEL  DISKS 
OF  ROD-LIKE  NEMATIC  LIQUID  CRYSTALS:  TEX¬ 
TURES  AND  INSTABILITIES,  Alejandro  D.  Rey . 
McGill  University,  Department  of  Chemical 
Engineering,  Quebec,  Canada. 

SESSION  V9: _ POSTER  SESSION 

Chair:  E.  B.  Sirota 
Thursday  Evening,  November  30 
7:00  p.m.  -  10:00  p.m. 

America  Ballroom  (W) 

V9.1  DYNAMICS  OF  MIXTURES  OF  INTERACTING 

COLLOIDS  USING  DIFFUSING  WAVE  SPECTROSCOPY, 
Xia  Oiu.  University  of  Pennsylvania,  Phila¬ 
delphia,  PA;  and  Exxon  Research  and 
Engineering  Company,  Annandale,  NJ;  H.D.  Ou- 
Yang,  Lehigh  University,  Bethlehem,  PA;  D.A. 
Weitz ,  Exxon  Research  and  Engineering  Com¬ 
pany,  Annandale,  NJ;  D.J.  Pine,  Haverford 
College,  Haverford,  PA;  and  P.M.  Chaikin, 
Exxon  Research  and  Engineering  Company, 
Annandale,  NJ  and  Princeton  University, 
Princeton,  NJ. 

V9.2  GRAVITY  EFFECT  ON  WEAKLY  CONCENTRA¬ 

TED  GEL  PHASES,  C.  Allain.  Campus  Univer- 
sitaire,  Lab.  FAST,  Orsay,  France;  and  C. 
Amiel,  Lab.  Physico-chimie  des  Biopolymeres , 
Thiais,  France. 

V9.3  A  COMPUTER  MODEL  FOR  THE  AVERAGE 

"CLUSTER"  SIZE  IN  POLYMER  AGGREGATES,  A.C. 
Balazs .  J.Y.  Hu,  S.  Lewandowski  and  A.P. 
Lentvorski,  University  of  Pittsburgh,  Mater¬ 
ials  Science  and  Engineering  Department, 
Pittsburgh,  PA;  C.  Lantman,  Mobay  Corpora¬ 
tion,  Pittsburgh,  PA. 

V9.4  PGSE-NMR  &  SANS  FROM  TPB  BASED 

MICROEMULSIONS,  Paul  M.  Lindemuth,  Univer¬ 
sity  of  Missouri-Rolla,  Department  of  Chemi¬ 
stry,  Rolla ,  MO;  Boualem  Hammouda.  Univer¬ 
sity  of  Missouri-Columbia ,  Research  Reactor 
Facility,  Columbia,  MO;  Joseph  R.  Duke, 
Frank  D.  Blum,  and  Raymond  L.  Venable, 
University  of  Missouri-Rolla,  Department  of 
Chemistry,  Rolla,  MO. 

V9.5  SOL-GEL  SILICATE  FORMATION  -  pH  AND 

TEMPERATURE  DEPENDENCE,  Anselmo  M.  Elias. 
Maria  E.  Elias  and  Maria  M.  Nunes,  Lisbon 
University,  Chemistry  Department,  Lisboa, 
Portugal . 

V9.6  SIMPLE  THEORY  FOR  PERSISTENT-FLEXI¬ 

BLE  LIQUID  CRYSTAL  POLYMERS  BEYOND  THE 
SECOND  VIRIAL  APPROXIMATION,  Reinhard 
Hentschke .  Brandeis  University,  Department 
of  Chemistry,  Waltham,  MA. 


V9.7  THE  EFFECT  OF  PRESSURE  ON  THE 

CRITICAL  TEMPERATURE  OF  FOUR-COMPONENT 
MICROEMULSIONS,  J.  Govette  and  T.K.  Bose, 
Universite  du  Quebec  a  Trois-Ri vieres , 
Trois-Rivieres ,  Canada;  J.  Thoen,  Katholieke 
Universiteit,  Leuven,  Belgium;  J.R.  Lalanne, 
Centre  de  Recherche  Paul  Pascal,  Talence, 
France . 

V9.8  THE  MECHANICAL  PROPERTIES  OF  THIXO¬ 

TROPIC  GELS  AND  THEIR  EFFECT  ON  ATTENUATION 
IN  OPTICAL  FIBER  COMMUNICATION  CABLES,  C.R. 
Taylor  and  B.J.  Overton.  AT&T  Bell  Labora¬ 
tories,  Norcross,  GA. 

V9.9  ELECTOSTATIC  AND  SCREENING  EFFECTS 

ON  THE  DYNAMIC  ASPECTS  OF  POLYELECTROLYTE 
SOLUTIONS;  "POLY ( P-PHENYLENE  VINLENE)  PRE¬ 
CURSOR  IN  METHANOL,"  H.  Mattoussi .  K.H. 
Langley,  and  F.E.  Karasz,  University  of 
Massachusetts,  Polymer  Science  Department, 
Amherst,  MA. 

V9.10  ATOMIC  STRUCTURE  OF  ALLOY-PARTICLES 
OBTAINED  AS  COLLOIDAL  SUSPENSIONS,  Gabriela 
Diaz  Guerrero,  Roberto  Herndndez ,  Laura 
Cabrera  and  Miauel  Jose  Yacam&n.  UNAM, 
Instituto  de  Fisica,  Mexico,  Mexico. 

V9.ll  MICROSCOPIC  STRUCTURE  AND  DYNAMICS 
OF  CONFINED  POLYMER  MELTS,  loannis  Bitsanis. 
University  of  Florida,  Gainesville,  FL;  and 
George  Hadziioannou,  IBM  Almaden  Research 
Center,  San  Jose,  CA. 

V9.12  MOLECULAR  DYNAMICS  STUDY  OF  PHASE 
STRUCTURE  IN  BINARY  MIXED  COLLOIDS,  Raymond 
D.  Mountain.  National  Institute  of  Standards 
and  Technology,  Gaithersburg,  MD;  and  D. 
Thirumalai,  University  of  Maryland,  IPST, 
College  Park,  MD. 

V9.13  WEIGHTED-DENSITY  THEORY  OF  PHASE 
TRANSITIONS  IN  FLUIDS  COMPOSED  OF  ANISOTRO¬ 
PIC  PARTICLES,  John  F.  Marko .  The  University 
of  Chicago,  The  James  Franck  Institute, 
Chicago,  IL;  and  W.A.  Curtin,  BP  Research 
and  Development,  Cleveland,  OH. 

SESSION  v;<?: _ EXPTIC  SYSTEMS: _ II 

Chair:  J.  D.  Litster 

Friday  Morning,  December  1 
Essex  Center  (W) 

8:00  »V10.1 

WHAT  CAN  WE  LEARN  FROM  COMPUTER  SIMULATIONS 
OF  MACROMOLECULAR  LIQUIDS?  Gary  S.  Grest , 
Exxon  Research  and  Engineering  Company, 
Annandale,  NJ. 

8:30  *V10 . 2 

LYOTROPIC  LIQUID  CRYSTALS,  P.S.  Pershan , 
Harvard  University,  Department  of  Physics 
and  Applied  Sciences,  Cambridge,  MA. 
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9  :  00  *V10 . 3 

SIMULATIONS  OF  CONTACT  LINE  MOTION:  SLIP  AND 
THE  DYNAMIC  CONTACT  ANGLE,  Mark  Robbins  and 
Peter  Thompson,  The  Johns  Hopkins  Univer¬ 
sity,  Department  of  Physics  and  Astronomy, 
Baltimore,  MD. 

9:30  BREAK 

10:00  V10.4 

QUASIPARTICLE  MEDIATED  MELTING  IN  TWO  DIMEN¬ 
SIONS,  M.A.  Glaser  and  N . A .  Clark.  Univer¬ 
sity  of  Colorado,  Department  of  Physics, 
Boulder,  CO. 

10:15  V10.5 

INTERACTIONS  BETWEEN  CHARGED  MACROIONS  IN 
SOLUTION,  M.J.  Stevens  and  M.O.  Robbins,  The 
Johns  Hopkins  University,  Department  of 
Physics  and  Astronomy,  Baltimore,  MD. 

10:30  V10.6 

THE  EFFECT  OF  HYDROSTATIC  PRESSURE  ON  LI¬ 
QUID-LIQUID  PHASE  SEPARATION  IN  MICELLAR 
SOLUTIONS  OF  C8-LECITHIN  AND  WATER,  K. 
Helmerson,  P.  Schurtenberger ,  G.M.  Thurston, 
T.  Kushida,  S.  Angehrn,  and  G.B.  Benedek . 
Massachusetts  Institute  of  Technology, 
Department  of  Physics  and  Center  for  Materi¬ 
als  Science  and  Engineering,  Cambridge,  MA. 

10:45  V10.7 

MOLECULAR-THERMODYNAMIC  FRAMEWORK  TO  PREDICT 
MICELLIZATION,  PHASE  BEHAVIOR  AND  PHASE 
EQUILIBRIA  OF  MICELLAR  SOLUTIONS,  D. 
Blankschtein  and  S.  Puvvada,  Massachusetts 
Institute  of  Technology,  Department  of 
Chemical  Engineering,  Cambridge,  MA. 

11:00  VI 0 . 8 

A  MODEL  FOR  ORIENTATIONAL  AND  TRANSLATIONAL 
ORDERING  IN  MICELLAR  AND  OTHER  REVERSIBLY 
ASSEMBLING  SYSTEMS,  Mark  P.  Taylor  and 
Judith  Herzfeld,  Brandeis  University,  De¬ 
partments  of  Chemistry  and  Physics,  Waltham, 
MA. 

11:15  V10.9 

REEXAMINATION  OF  OSMOTIC  PRESSURE  MEASURE¬ 
MENTS  IN  SELF-ASSEMBLING  SYSTEMS,  S.  Puvvada 
and  D.  Blankschtein,  Massachusetts  Institute 
of  Technology,  Department  of  Chemical  En¬ 
gineering,  Cambridge,  MA. 

11:30  V10.10 

DIELECTRIC  SPECTROSCOPY  OF  COMPLEX  LIQUIDS 
AND  SOLUTIONS  FROM  KHZ  TO  20  GHZ,  Yan-Zhen 
Wei  and  s.  Sridhar,  Northeastern  University, 
Department  of  Physics,  Boston,  MA. 
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VI. 1 

LINEAR  AND  STAR  POLYMERS  IN  THE  LIQUID  STATE.  William  W. 
Graesslev .  Lewis  J.  Fetters,  Mireille  Adam  and  Andrea  D. 
Kiss,  Corporate  Research  Laboratories,  Exxon  Research  & 
Engineering  Company,  Annandale ,  NJ  08801. 

The  properties  of  polymeric  liquids  vary  widely  with 
molecular  size  (typically  10-100  nm  for  long  flexible 
chains),  molecular  architecture  (linear  or  star,  for  the 
case  here)  and  the  polymer  concentration  (dilute  solutions 
to  the  melt  state) .  Architecture  affects  dilute  solution 
behavior  primarily  through  the  internal  segment  density, 
which  is  small  (ca.  1%)  for  linear  chains  but  increases 
progressively  with  f,  the  number  of  arms  in  polymeric  stars 
(f  >  3).  Thus,  scatic  and  dynamic  measures  of  size  move 
toward  a  "fuzzy  sphere"  relationship  with  one  another  as  f 
increases,  inernal  dynamics  are  suppressed,  and  there  is 
some  evidence  for  liquid- like  ordering  near  the  overlap 
concentration.  Some  properties,  e.g.,  the  osmotic  pressure, 
become  independent  of  architecture  at  higher  concentrations, 
but  chain  entanglement  increasingly  dominates  the  global 
dynamics  and  affects  the  relaxation  of  linear  chains  and 
stars  in  quite  different  ways.  The  much  slower  dynamics  of 
stars  are  governed  by  arm  length;  the  number  of  arms  is  now 
relatively  unimportant.  Theoretical  aspects  and  some 
analogies  with  microgels  and  end-associated  polymers  will  be 
discussed  briefly. 

VI  .  2 

COOPERATIVE  EFFECTS  IN  STRAINED  POLYMERIC  NETWORKS. 

Bertrand  Oeloche,  Paul  Sotta,  laboratoire  de  Physique  du 
Soliae  (CNRS-LA2),  Universite  de  Paris  Sud,  Orsay  91405, 
France;  and  Jean  Her2,  Institut  Charles  Sadron,  Strasbourg 
67083,  France. 


The  orientational  segmental  order  in  uni  ax i a  1 ly  strained 
rubbers  is  studied  with  the  deuteri um-NMR .  The  method 
exploits  the  observation  of  residual  quadrupolar  inter¬ 
actions  related  to  the  mean  degree  of  segmental  order  in 
tne  deformed  network.  The  experimental  facts  are  the 
following  : 

il )  An  uniaxial  dynamics  of  the  chain  segments  along  the 
direction  of  the  applied  force. 

(2)  An  orientation  of  diluent  probes  (solvent  molecules  or 
polymer  chains). 

(3)  A  concentration  effect  depending  on  the  nature  of  the 
swelling  agent  (solvent  molecules  or  polymer  chains). 

These  observations  show  that  the  stress-induced  orienta¬ 
tion  involve  cooperative  orientational  correlations 
between  chain  segments  (and  diluents).  This  result  leads 
to  add  an  anisotropic  contribution  to  the  Flory  inter¬ 
action  parameter.  Inclusion  of  such  a  correction  in  a  mean 
field  description  of  polymer  networks  enables  us  to 
account  for  our  observations  and  to  discuss  some  aspects 
of  rubber  elasticity  (stress-strain  relationship,  solvent- 
dependent  maximum  in  the  dilation  modulus). 

VI .  3 

PHASE  BEHAVIOR  AND  STRUCTURE  OF  WEAKLY  CHARGED 
COPOLYMERS.  Jean-Frangois  Joanny,  Institut  Charles 
Sadron,  67083  Strasbourg  Cedex,  France;  and  Ludwik 
Leibler.  E.S.P.C.I.,  10,  Rue  Vauquelin,  75231  Paris 

Cedex  05,  France. 


We  discuss  static  properties  of  weakly  charged 
polyelectrolyte  solutions  which  can  be  vieved  as  a 
special  class  of  copolymers.  We  show  that  systems  with  a 
hydrophobic  backbone  may  undergo  a  microphase  separation 
transition  (MST)  into  oppositely  charged  domains.  At  low 
copolymer  concentration  micelle  formation  is  expected. 

At  higher  concentrations  various  mesophases  should  be 
present.  As  salt  is  added  to  the  solution  a  usual 
macroscopic  phase  separation  (precipitation  of  polymer 
chains). 


We  also  discuss  phase  separation  in  solutions  containing 
both  weakly  charged  and  neutral  polymers.  We  show  that 
the  presence  of  electric  charges  dramatically  affects 
phase  diagrams.  The  results  may  be  of  some  importance 
for  understanding  certain  biological  systems  containing 
weakly  charged  proteins. 

vi.  4 

CURVATURE  ELASTICITY  AND  STRUCTURES  OF  SURFACTANTS 
AND  BLOCK  CO-POLYMERS.  Zhen-Gang  Wang  and  S.  A. 
Saf ran ■  Exxon  Research  and  Engg.,  Rt .  22  E.,  Clin¬ 
ton  Twshp. ,  Ananndale,  NJ  08801 

The  curvature  elastic  free  energy  is  a  useful 
starting  point  for  the  understanding  of  the  sturc- 
ture  and  phase  transitions  of  membranes,  microe¬ 
mulsions,  and  vesicles.  Microscopic  models  of  the 
elastic  constants  and  the  spontaneous  curvature 
can  lead  to  interrelationships  bewteen  these  quan¬ 
tities.  Spring-like  models  are  discussed  for  the 
case  of  short-chain  surfactants,  while  a 
description  of  grafted  polymers  is  used  to  study 
the  case  of  block-copolymer  membranes.  Particular 
attention  is  focused  on  the  origin  of  the  saddle- 
splay  elastic  constant,  which  can  stabilize 
ordered,  bicontinuous  structures  of  constant  mean 
curvature.  The  phase  diagram  showing  the  competi¬ 
tion  of  these  structures  with  lamellar,  cylindri¬ 
cal,  and  spherical  phases  is  presented  and 
discussed  in  light  of  recent  experiments. 

VI .  5 

BLOCK  COPOLYMER  AGGREGATES  IN  A  SYSTEM  OF  TWO 
IMMISCIBLE  SOLVENTS.  N.  Brandon.  M.  Tin-ell,  and  A.  Haipenn. 

Block  copolymers  in  a  mixture  of  two  immiscible  solvents  can  form 
swollen  micelles':  The  polvmer  acts  as  a  surfactant  solubilizing  one  solvent 
in  the  other.  A  model  is  proposed  for  the  dependence  of  the  aggregation 
number  and  the  aggregate  size  (or  curvature  on  system  parameters  such  as 
the  molecular  weight  of  the  blocks  or  the  solvent/  polymer  interaction 
parameter.  The  mode)  utilizes  scaling  concepts  proposed  for  grafted 
polvmers  and  micelles  in  a  single  solvent,  also  including  the  contribution  of 
a  second  solvent  and  interfacial  tension  between  the  two  phases.  It  is  found 
that  the  svstem  parameters  depend  strongly  on  the  inner  block  molecular 
weight  and  the  interfacial  tension. 

Systems  of  polystyrene-  quatemized  polyvinyl  pyridine  block  copolymers 
with  varying  molecular  weights  in  mixtures  of  immiscible  solvents  will  be 
investigated  using  dynamic  light  scattering. 

VI. 6 

STRUCTURE  OF  ZWITTERI0NIC  ASSOCIATING  POLYMERS.  L _ Shfin, 

C.  R.  Safinya,  M.  Adam,  K.  S.  Liang,  L.  Fetters,  J. 
Stokes,  and  R.  Chance,  Exxon  Research  and  Engineering  Co., 
Corporate  Research,  Route  22  East,  Annandale,  NJ  08801. 

We  have  carried  out  x-ray  scattering  studies  in  melts  of  a 
series  of  linear  polyi soprenes  with  highly  polar 
sul fo-zwitterion  groups  at  one  end.  The  zwitterion  end 
groups  cause  aggregation  in  good  solvents  for 
polyisoprene.  The  aggregation  number  depends  strongly  on 
the  molecular  weight  of  the  polyisoprene  tails  and  on  the 
polarity  of  the  solvent.  Molecular  mechanics  simulations 
of  the  interactions  between  the  zwitterion  head  groups 
suggest  tubelike  or  disklike  structures  for  the 
aggregates.  Spherical  structures  are  not  energetically 
favorable,  high  resolution  synchrotron  x-ray  scattering 
studies  were  carried  out  for  six  different  (chain) 
molecular  weights  between  2000  and  22,000.  For  low 
molecular  weights  (between  2000  and  4000)  a  tubular 
structure  is  found  with  the  tubes  organized  on  a 
well-defined,  two-dimensional  triangular  lattice  with  very 
large  domain  sizes  >2000A.  A  structural  phase  transition 
to  a  cubic  (bcc)  phase  with  long  range  order  is  observed 
to  occur  for  molecular  weights  >10,000.  The  lattice 
spacing  increase  over  the  molecular  range  was  between  95A 
(for  MW-2000)  and  206A  (for  MW-22,000).  For  the  high 
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molecular  weight  melts,  annealing  transforms  the  structure 
from  (bcc)  (with  long  range  order)  to  an  (fee)  glass-like 
phase. 

VI.  7 

block  copolymer  micelles  in  a  selective  solvent 

M.ahn  Won  Kim.  Su-Nin  Liu,  and  T.  C.  Chung  Exxon 
Research  and  Engineering  Company  Rt.22  East 
Annandale,  NJ  08801 


Block  copolymer  (A— B)  shows  the  fascinating 
structures,  such  as  the  lamellar,  cylindrical  and 
spherical  shape,  in  a  bulk  due  to  its  unigue 
chemical  structure  which  possess  the  ability  to 
form  a  stable  interface  between  two  incomparable 
mixture  of  polymers.  Not  only  in  a  bulk,  it  is 
also  well  known  that  the  block  copolymers  form 
micelles  in  a  selective  solvent  which  is  very  good 
solvent  for  one (A)  of  the  diblock  but  poor  solvent 
for  the  other  segment (B) .  In  this  case,  B 
segments  form  a  dense  core  and  A  segments  make  a 
shell  to  be  solubilize  in  the  solvent. 

In  this  talk,  we  present  the  aggregation 
number  and  the  hydrodynamic  radius  of  a  micelle 
as  a  function  of  the  number  of  B  monomer  by  static 
and  dynamic  light  scattering  and  compare  the 
results  with  the  surfactant  micelles. 

Vi.  8 

SIkiCTL,r,AL  AND  DYNAMIC  PROPERTIES  OF  POLYMERIC  GELS. 
S.J.  Candau.  Laboratoire  de  Spect  roniet  rie  et  d’lmagerie 
Lltrasonores,  Universite  Louis  Pasteur,  A,  rue  Blaise 
Pascal,  67070  Strasbourg  Codex,  France. 


VI.  10 

CHARACTERIZATION  of  curing  processes  in  polymeric 
SYSTEMS,  AT  VARIOUS  STOICHIOMETRIC  RATIOS,  USING 
ULTRASONIC  WAVES.  A  Shpfcr.  G.  Gorodetsky  and, 

M.  Gottlieb,  Ben-Gurion  University,  Beer-Sheva,  84105,  Israel 

Ultrasonic  wave  measurements  have  been  employed  in  recent  years,  as  a 
non -destructive,  non- interfering  technique  lor  the  characterization  of  polymers  (1). 
Continuing  our  previous  work  (2)  on  ultrasonic  wave  propagation  studies  in  curing 
covalent  networks,  we  studied  the  effect  of  reaction  stoichiometry  on  the  evolving 
molecular  structure  and  gel  point.  During  the  process  of  network  formation  the  reacting 
system  undergoes  a  phase  transition,  from  a  viscoelastic  liquid  into  a  viscoelastic  solid 
(gel). 

Vinyl  teim  mated  linear  poly(dimeihylsiloxane)  molecules  were  crosslinkcd  by  means  of 
the  hydrosilation  reaction  with  a  four  functional  hydride  silane  crosslinkcr.  The  various 
sioiciometric  ratios,  r,  of  the  reacting  systems  were  created  by  introducing  differnt 
amounts  of  the  crosslinkcr  (r=0,45  to  r=2.34)  (where  the  stochiomctric  ratio  was 
r=(-Si-H]/I-Si-CH=CH2J).  In  order  to  characterize  Uic  structural  diangcs  in  die  reacting 
polymeric  systems  as  a  function  of  their  theoretically  calculated  distance  from  the  gel 
point,  we  measured  the  relative  longitudinal  wave  velocity  using  the  acoustic 
interferometer,  at  a  frequency  of  10MHz  with  a  resolution  of  0.001%.  Dilaiomeiric 
measurements  provided  information  on  often  neglected,  changes  in  the  dcnsily  of  the 
systems.  The  extent  of  the  crosslinking  reaction  was  monitored  simultaneously  by  IR 
spectroscopy. 

It  was  found  that  longitudinal  wave  velocity  increases  during  the  course  of  these 
reactions.  The  magnitude  of  this  increase  is  proportional  to  the  crosslink  density  of  the 
network  bceing  formed.  Above  the  balanced  stoichiometric  ratio  (r=  1 .0)  no  additional 
increase  was  observed,  both  in  the  relative  wave  velocity  and  density  changes.  Wave 
velocity  results  exhibit  a  step  like  increase  around  the  sol-gel  transition  point  for  all 
the  stoichiometric  ratios  studied  whereas  density  incrcscs  linearly  as  the  crosslinking 
reaction  proceeds  towards  gelation.  Since  both  wave  velocity  and  dcnsily  are  observed 
to  increase  as  a  funcuon  of  rcacuon  conversion,  it  is  clear  ilui  die  measured  increase  m 
wave  velocity  is  due  to  the  true  change  in  the  value  of  the  longitudinal  bulk  modulus. 

1  .Hartmann  B.,  in  'Methods  in  Experimental  Physics' 

R.  A.  Fava  editor.  Vol  16,  Academic  Press,  NY.  (1980). 

2.Shcfcr  A.,  Gorodetsky  G„  and  Goulicb  M..  Proc.  MRS  Fall  Meeting,  p.534  (1988). 


Networks  composed  of  crosslinked  polymer  chains  are  ol 
great  interest,  not  on'.y  for  their  unique  physical  ant 
chemical  behaviour.  but  also  for  their"  possiblr 
technological  applications.  Network  structures  can  be 
obtained  by  covalent  crosslinking  (irreversible  gels)  oi 
physical  processes  (reversible  gels).  In  this 
presentation,  the  macroscopic  equilibrium  and  dynamic 
properties  of  go's  are  discussed  in  relation  with  the 
microscopic  structure.  Special  emphasis  is  given  to  the 
ionized  aqueous  gels  which  are  more  and  more  frequently 
encountered  in  industrial  practice. 


VI.  9 

SLOW  FLUCTUATIONS  IN  SWOLLEN  POLYMER  GELS.*  J,  V.  Maher 
and  M.  W.  Di  Francesco,  Department  of  Physics  and 
Astronomy,  University  of  Pittsburgh,  PA  15260. 

We  have  used  light  scattering  to  measure  slow  fluctuations 
in  swollen  polyacrylamide  gels  (7%  polymer  by  weight). 
Fluctuations  are  at  the  lower  limit  of  detectability  by 
light  scattering  when  pure  water  is  used  as  a  solvent,  but 
the  light  scattering  signal  can  be  enhanced  several  orders 
of  magnitude  by  either  using  a  binary-liquid  solvent  or 
introducing  a  low  concentration  of  0.05  micron  polystyrene 
spheres  into  an  otherwise  pure-water  solvent.  While  the 
same  fluctuations  are  observed  in  either  case,  we  have 
emphasized  measurements  with  the  binary-liquid  solvent, 
since  in  this  case  we  can  tune  the  scattering  strength  by 
changing  the  temperature  in  the  neighborhood  of  the 
solvent's  critical  point.  The  system  shows  only  weak 
fluctuations  in  the  frequency  range  0.1  Hz  <  f  <  100  Hz 
and  exhibits  previously-reported  solvent-relaxation 
behavior  at  higher  frequencies*.  Strong  fluctuations  are 
observed  in  the  very  low  frequency  regime  5  x  10'*  Hz  <  f 
<  0.1  Hz.  While  these  strong  fluctuations  generally  grow 
in  amplitude  as  frequency  is  reduced,  they  do  not  show 
typical  1/f  or  even  power  law  behavior  over  most  of  their 
range. 

*  Supported  by  the  DOE  on  grant  I  DE - FG02 -84ER45131 . 

1.  K.  X.  Xia  and  J.  V.  Maher,  Phys.  Rev.  A 22,  3626  (1988). 


V2.1 

EXPERIMENTAL.  DATA  AND  THEORETICAL  INTERPRETATION 
OF  PHASE  SEPARATION  IN  PROTEIN  WATER  SOLUTIONS  WITH 
APPLICATION  TO  CATARACT  DISEASE  G.B.  Benedek. 
D.  Blankschtein,  M.  Kondo,  P.  Schurtenberger,  J.A.  Thomson,  G.M. 
Thurston  and  M.C.  Wiener,  Department  of  Physics  and  Center  for 
Materials  Science  and  Engineering,  MIT,  Cambridge,  MA 

We  present  measurements  of  both  the  liquid-liquid  coexistence  curve  ^ 
and  the  solid-liquid  phase  boundary  for  aqueous  solutions  of  the  bovine 
lens  protein  Y]j-crystallin.  Wc  observe  that  the  liquid-liquid  phase 
separation  is  in  fact  metastable  relative  to  the  solid-liquid  phase 
boundary.  We  shall  also  present  a  Gibbs  free  energy  model  for  these 
protein-water  solutions  in  an  effort  to  obtain  theoretically  all  the 
equilibrium  properties  including  the  location  and  shape  of  the  phase 
boundaries.  Application  of  this  data  to  the  problem  of  cataract  diseases  in 
the  eye  lens  will  be  discussed. 


'j-A.  Thomson,  P.  Schurtenberger,  G.M.  Thurston 
*4:7079(1987) 


and  G.B.  Benedek  PNAS(USA) 


V2.2  ABSTRACT  NOT  AVAILABLE 
V2.3 

DIFFUSE  X-RAY  SCATTERING  STUDIES  OF  LYOTROPIC  TUBULAR 
PHASES.  E.  B.  Sirota.  £.  Y.  Sheu,  C.  (1.  Safinya,  and 
K.  S.  Liang,  Exxon  Research  and  Engineering  Co.,  Corporate 
Research,  Route  22  East,  Annandale,  NJ  08801. 

We  have  carried  out  diffuse  x-ray  scattering  studies  in 
the  lyotropic  tubular  phases  of  the  ternary 
(SDS/water/dodecane)  and  quaternary  (with  added 
cosurfactant)  systems.  In  the  ternary  system,  at  three 
water  to  surfactant  ratios  (W/S,  by  weight),  we 
investigated  the  structural  transitions  along  the 
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appropriate  dodecane  dilution  lines.  The  x-ray  data 
exhibit  the  following  distinctive  features.  First,  at 
W/S»l,  1.5,  and  2  with  no  oil,  the  systems  exhibit  pure 
tubular  structure  packed  on  a  hexagonal  lattice.  Second, 
for  W/S-l,  the  hexagonal  lattice  evolves  and  exhibits  a 
structural  transition  to  an  oblique  lattice  at  Vo=0 . 18 
(V0“0il  volume  fraction).  Third,  at  W/S-1.5,  the 

structure  changes  at  Vo«0.12  from  hexagonal  through  an 
intermediate  phase,  in  which  broad  peaks  are  established, 
to  a  distorted  center  rectangular  phase.  In  these  phases 
as  a  function  of  increasing  intertubular  distance,  we 
analyze  the  thermal  diffuse  scattering  which  allows  us  to 
measure  the  bulk  elastic  moduli. 

V2. 4 

SURFACTANTS  IN  SOLUTION:  EXPERIMENTAL  EXAMPLES  OF 
FLUCTUATING  MEMBRANES.  Didier  Roux,  Centre  de  Recherche 
Paul  Pascal,  Domaine  Universitaire,  F - 33405  Talence  Cedex, 
France. 

Surfactants  in  solution  give  rise  to  many  fascinating 
structures  which  can  be  considered  as  phases  of  surfaces. 
The  structure  and  stability  of  these  phases  can  be  often 
understood  in  terms  of  the  elastic  energy  of  the 
surfactant  film  (membrane).  In  most  of  the  cases,  the 
bending  constant  x  related  to  deformations  of  the  membrane 
is  quite  large  and  thermal  fluctuations  of  the  film  are 
negligible.  In  some  interesting  cases,  it  is  possible  to 
make  the  membrane  so  flexible  that  thermal  fluctuations 
(undulations)  are  important. 

Flexible  membranes  lead  to  ordered  structures  such  as 
dilute  lamellar  phases  where  the  interactions  between 
membranes  are  dominated  by  undulation  forces  coming  from 
the  steric  hindrance  of  the  undulations.  The  measurements 
of  elastic  constants  of  lamellar  phases  allow  to  obtain 
quantitative  information  upon  flexibility  and  interactions 
between  membranes. 

Besides  lamellar  phases,  flexible  membranes  can  fill  space 
randomly  leading  to  isotropic  phases  of  cnnnected  films. 
Two  different  cases  may  exist  depending  on  the  monolayer 
or  bilayer  character  of  the  film.  Monolayer  corresponds 
to  bicontinuous  microemulsion  where  oil  and  water  domains 
are  separated.  Bilayer  leads  to  bicontinuous  structure  of 
the  same  solvent  (oil  or  water).  This  latter  case  (sponge 
phase)  has  very  interesting  properties  related  to  the 
special  symmetry  (in  and  out)  of  this  phase.  The  effect 
of  thermal  fluctuations  on  membranes  allows  an 
understanding  of  the  phase  behavior  and  the 
thermodynamical  properties  of  these  phases. 

V2.5 

ELECTRON  MICROSCOPY  OF  COMPLEX  FLUIDS.  Veshavahu  Talmon. 
Department  of  Chemical  Engineering,  Technion - Israel  of 
Technology,  Haifa  32000,  Israel. 

Transmission  electron  microscopy  can  provide  high 
resolution  direct  images  of  liquid  systems,  if  they  can  be 
made  compatible  with  the  high  vacuum  in  the  instrument, 
and  with  the  low  penetration  power  of  the  electron  beam. 
Thus,  the  challenge  is  specimen  preparation  while 
preserving  the  original  microstructure  of  these  normally 
labile  systems.  In  recent  years  we  have  developed 
techniques  and  equipment  to  prepare  thermally-fixed 
(ultra-rapidly  cooled,  i.e.,  vitrified)  specimens  of 
microstructured  fluids.  Preparation  is  carried  out  under 
controlled  conditions  to  prevent  structural  rearrangement 
during  specimen  handling  from  the  original  vial  to  the 
microscope.  We  have  applied  the  technique  to  directly 
visualize  a  wide  range  of  complex  fluids  systems: 
micelles,  vesicles,  liposomes,  lyotropic  liquid  crystals, 
and  gels,  in  synthetic  and  biological  systems.  The 
technique  will  be  briefly  described  along  with  recent 
app1 ications,  including  new  developments  such  as  "on  the 
grid  processing"  for  growing  new  phases  in  the  specimen, 
an-1  "time -resolved  cryo-transmission  electron  microscopy". 


a  technique  to  investigate  dynamical  processes  in  liquid 
systems,  e.g.,  phase  transformations,  by  direct  imaging  of 
thermally-fixed  specimens. 

V2.6 

SYNCHROTRON  X-RAY  SCATTERING  STUDIES  OF  THE  I YOTROPIC  L3 
PHASE.  N  Lei .  C.  R.  Safinya,  K.  S.  Liang,  E.  B.  Sirota, 
and  R.  Plano,  Exxon  Research  and  Engineering  Co., 
Corporate  Research,  Route  22  East,  Annandale,  NJ  08801. 

We  have  carried  out  a  high  resolution  small  angle 
synchrotron  x  ray  scattering  study  of  the  lyotropic  L3 
phase  in  the  quaternary  system  of  SDS,  pentanol ,  dodecane 
and  water.  This  phase  is  found  in  the  vicinity  of  the 
dilute  lamellar  phase',  which  consists  of  stacks  of 
extremely  flexible  membrane  sheets.  We  studied  the  L3 
phase  as  a  function  of  dodecane  dilution  with  volume 
fraction  between  0.45  to  0.86.  We  have  analyzed  our  data 
within  the  context  of  two  different  models.  First,  we 
consider  an  elastic  description  of  the  L3  phase  consisting 
of  a  phase  of  randomly  oriented  self-avoiding  sheets  with 
a  persistence  length  of  the  order  of  1000A.  Second,  we 
fit  the  x-ray  structure  factor  to  a  form  derived  from  a 
recent  lattice  model  of  G.  Gompper  and  M.  Schick 
(preprint,  July  1989). 

'C.  R.  Safinya,  D.  Roux,  G.  S.  Smith,  S.  K.  Sinha,  P. 

Dimons,  N.  A.  Clark  and  A.  M.  Bellcocq,  Phys.  Rev.  Lett. 

57,  2718  (1986). 

V2.7 

bICONTINL'OUS  STRUCTURE  OF  THE  "ANOMALOUS  ISOTROPIC  PHASES 
L  "  AND  MICELLAR-L  PHASE  TRANSITIONS.  A.M.  Bellocq, 

D.  Gazeau,  D-  Roux,  Centre  de  Recherche  Paul  Pascal,  C.N.R.S. 
Chateau  Brivazac,  Pessac,  and  E.  Freysz,  Centre  de  Physique 
Moieculaire  optique  et  Hertzienne,  Universite  de  Bordeaux  I, 
33405  Talence  Cedex,  France. 

Anomalous  flow  birefringent  phases,  sometimes  designated  as 
L_,  have  been  identified  in  both  the  water-rich  and  the 
oil-rich  parts  of  the  phase  diagram  of  the  water  (NaCl)- 
dodecane-pentanol-SDS  system.  Conductivity  and  neutron 
scattering  results  provide  evidence  that  the  structure  of 
these  phases  consists  of  a  highly  connected,  sponge-like, 
random  bilayer-continuous  surface.  The  surfactant  surface 
separates,  depending  upon  the  system,  either  two  water- 
continuous  domains  or  two  oil-continuous  domains.  The  data 
are  consistent  with  a  recent  theoretical  model  (M.  Cates  et 
al,  Europhys.  Lett.  5,733,1988).  In  some  conditions  of 
salinity  and  temperature,  the  L^  phase  and  the  micellar 
phase  (L|  or  Lj)  form  a  single  continuous  region.  The 
transition  from  micellar  to  bicontinuous  structures  will  be 
examined . 

V2.8 

FLEXIBILITY  AND  INTERACTION  MEASUREMENTS  >N  DlLl'TE 
LAMELLAR  PHASES  BY  DYNAMIC  LIGHT  SCATTERING  F.  Nallcl. 
D.  Roux,  Centre  de  recherche  Paul-Fascal.  Domaine  universitaire.  33405 
Talence  cedex,  France;  and  J.  Piost,  Ecole  superieure  de  physique  et  de 
chimie  industrielles,  1 0  rue  V auqueltn,  75231  Paris  cedex  05,  Fiance. 

Dynamic  light  scattering  measurements  on  oriented  samples  of  dilute 
lyotropic  smectics  have  been  performed  The  hydrodynamics  of  two- 
component  smectics  A  is  applied  to  describe  the  fluctuation  spectrum  tn  our 
multicomponent  samples.  The  experimentally  relevant  hydrodynamic  mode 
is  the  undulation/ baroclinic  mode,  which  arises  from  the  coupling  between 
concentration  and  layer  displacement  fluctuations. 

Two  elastic  constants,  the  layer  compressibility  modulus  (at  constant 
chemical  potential)  B  and  the  bending  modulus  K,  are  extracted  from  its 
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anisotropic  dispersion  relation.  Membrane  flexibility  (K)  and  intermembrane 
interactions  (B )  have  been  studied  along  a  dilution  line,  with  smectic 
repeating  distances  in  the  range  4-35  nra.  The  results  support  the  view  of 
flexible  membranes  (flexibility  of  the  order  of  kBT)  interacting  by  means  of 
the  Helfrich's  steric  interaction. 


Measurements  of  the  flexibility  as  a  function  of  the  chemical  composition  of 
the  membranes  (cosurfactant  length)  have  been  performed. 

V3.1 

NONLINEAR  FLOW  BEHAVIOR  OF  HIGH  MOLECULAR 
WEIGHT  POLYMERS.  Dale  S.  Pearson.,  Department  of 
Chemical  and  Nuclear  Engineering  and  Materials  Department, 
University  of  California,  Santa  Barbara,  CA  93106. 

High  molecular  weight  polymer  liquids  aie  frequently 
subjected  to  high  speed  flow  conditions  that  produce  very 
nonlinear  effects.  Typical  observations  are  (1)  a  steady  state 
viscosity  that  changes  rapidly  with  the  applied  deformation 
rate,  (2)  a  stress  relaxation  modulus  which  is  a  strong  and  even 
unstable  function  of  the  applied  strain,  ar.d,  after  the  inception 
of  flow,  (3)  transient  stresses  that  greatly  exceed  their  steady 
state  values.  Responses  of  this  type  are  observed  at  all 
concentrations,  but  are  most  dramatic  in  concentrated 
solutions  and  melts.  Because  polymers  are  typically  processed 
at  high  flow  rates,  it  is  important  to  develop  an  explanation  for 
this  type  of  behavior.  The  past  ten  years  have  been  a  period  of 
remarkable  progress  in  this  direction.  The  strong 
nonlinearities  have  been  shown  to  be  a  result  of  entanglement 
effects  which  arise  naturally  in  concentrated  liquids.  Such 
interactions  modify  the  behavior  of  both  rigid  rod  polymers 
and  flexible  coil  polymers.  This  talk  will  review  the  physical 
principles  and  the  constitutive  equations  which  are  required  to 
describe  the  flow  of  these  systems.  Successes  that  have  been 
achieved  and  problems  that  remain  unsolved  will  be  covered. 

V3.2 

RHEOLOGICAL  AND  KINETIC  PROPERTIES  01  SEMI-DILUTE 
SOU  T IONS  OF  ELONGATED  MICELLES.  S.J.  Candau.  C.  Waton,  E. 
Merikhi,  Laboratoire  de  Spect rowet rie  L  d  Iwagexie 
!'  1 1  rasonores ,  Universite  Louis  Pasteur.  A,  rue  Blaise 
pascal,  67070  Strasbourg  Cedex,  France;  and  R.  Zana, 
Inst 1 1  ut  Charles  Sadron,  6,  rue  Boussingault ,  67083 

Strasbourg  Cedex,  trance. 


Aqueous  micelles  of  ionic  surfactants  adopt  an 
anisodiametric  shape  at  high  ionic  strength.  An  increase 
of  surfactant  concentration  induces  a  micellar  growth 
leading  to  very  elongated  flexible  micelles  which  behave 
in  many  respects  like  polymers.  Rheological  data  suggest 
that  the  flow  properties  of  these  systems  can  be  described 
by  a  model  ot  roptatron  troncated  by  the  kinetics  of 
fragmentation-coagulation  of  the  micelles.  In  this  paper 
we  present  results  of  T-Jump  experiments  with  light 
scattering  detection,  performed  in  cetyltrimethylammonium 
bromide  aqueous  solutions.  The  characteristic  micellar 
kinetics  relaxation  time  has  been  studied  as  a  function  of 
salt  concentration,  surfactant  concentration  and 
temperature.  The  rheological  behaviour  of  the  semi-dilute 
solutions  of  elongated  micelles  is  discussed  in  the  light 
of  the  T-Jump  results.  The  activation  energy  for  the 
scission  of  the  micelles  is  determined  from  the  combined 
results  of  T-Jump  and  rheological  experiments. 


V3.3 

LIGHT  SCATTERING  EVIDENCE  FOR  "WORM-LIKE"  MIXED  DETERGENT- 
D1ACYLPHOSPHAT1DYLCHOLINE  (PC)  MICELLES  R  Chamberlin.  G  Thurston.  G 
Bcnedck.  MIT,  Camb.,  MA;  D  Cohen,  &  M  Carey,  Harvard  Med.  Sch.,  Bos.,  MA 


Using  static  and  dynamic  light  scattering,  we  examined  the  micellar  systems  tabulated. 
Each  mixed  detergent  -  egg  yolk  PC  (EYPC)  solution  examined  can  be  diluted  from  a 
one  phase  (micellar)  into  a  two  phase  (lamellar  plus  aqueous)  system.  Upon  dilution 
toward  the  two  phase  Boundary,  the  apparent  radius  of  gyration  Rf,  the  apparent 
hydrodynamic  radius  R,,  and  the  apparent  molecular  weight  M app.  all  appeared  id 
diverge.  In  spile  of  this  divergence,  the  ratios  (■  A),  and  (•  B),  had 

weak  variation  and  similar  values  for  all  EYPC  systems:  A  -  1.8  x  10 2 
nm/i grrvmolc i and  B  -  (1.6  ±.l).  Remarkably,  this  is  the  same  behavior  observed 
for  A  and  B  in  di-C,  and  di-C,  PC  solutions  which  form  "worm-like"  locally  cylindrical 
micelles.  The  value  of  A  is  inconsistent  with  a  previous  EYPC  disk  micelle  model’ 
since  it  yields  a  disk  thickness  of  only  Inm  instead  of  the  assumed  5nm  for  an  EYPC 
bilayer.  The  behavior  of  A  and  B  is  consistent  with  a  hydrodynamic  theory2  for  flexible 
"worm-like"  structures  in  solution.  In  the  limit  that  ■'■.  “ "  contour  length  is  much 
greater  than  the  "worm"  persistence  length,  y  the  theory  preah. .  "  =  1.5,  and 

A  =  8.84  x  10  5  x  la/r  nm/[gm/mole]ln  where  r  is  the  radius  of  the  "worm"  cross 
secuon.  If  r »  2.5  nm,  the  length  of  an  EYPC  molecule,  then  /  gives  L  -  26  nm. 


PC  Detergent  fD)  [Dl/IPC]  [NaCl] 
(mol,  rat.)  (M) 
EYPC  NaCholate  1.0  .15 

EYPC  NaCholate  1.0  .4 

EYPC  NaCholate  0.8  .15 

EYPC  NaTaurocheno-  1.7  .15 

dcoxycholate 

EYPC  Oclylglucoside  8  .15 

0  0 


Temp  Cone.  A  X  102 

( °C)  (mg/ml)  (nm/[gm/molcll,2) 

20.0  13-50  1.66±.06 

20.0  10  -  50  1.82  ±.06 

20.0  18-  100  1.79±  .13 

20.0  1-  100  1 .73  ±.33 

20.0  II -100  1.81  ± .13 

55.0  1  -  5  1 .88  ±  .09 

20.0  2  -  30  1 .94  ±  .07 


Di-C,  none  0  0 

*N.  A.  Mazer,  G.  B.  Benerielt,  M.  C.  Carey.  BUxhemulry,  19.601  (1980) 
*H.  Yamakawa.  M.  Ftijii,  MorromoUcuitr.  6.  407  (1973) 


V3.4 

SHEAR  FLOW  AND  ISOTROPIC-LAMELLAR  TRANSITIONS. 
S  T.  Milner,  AT&T  Bell  Laboratories,  600  Mountain  Ave.,  Murray 
Hill.  NJ  07974. 

In  systems  such  as  lyotropic  liquid  crystals,  certain  nucroemul- 
sions,  and  block  copolymers,  a  nearly  second-order  transition  from  an 
isotropic  state  to  a  lamellar  phase  is  observed.  In  these  transitions, 
nonlinear  fluctuation  terms  lower  the  mean-field  transition  tempera¬ 
ture  tc  and  drive  the  transition  first  order.  We  consider  the  effect 
of  simple  shear  on  these  systems,  showing  that  shear  suppresses  the 
fluctuations  and  raises  rc.’  In  a  range  of  temperatures,  the  lamellar 
phase  can  be  induced  by  applying  shear.  We  obtain  an  effective  po¬ 
tential  under  shear  in  the  disordered  phase,  and  conclude  that  the 
transition  under  shear  remains  first  order,  though  very  Weakly  so  at 
high  shear  rate.  The  mechanism  for  suppression  of  fluctuations  sug¬ 
gests  that  lamellar  ordenng  first  occurs  with  wavevector  normal  to 
the  shear  plane. 

*  Work  performed  in  collaboration  with  M.  E.  Cates,  Cavendish 
Laboratory,  Cambridge  University, 


V3.5 

LANDAU  THEORY  OF  THE  NEMATIC  TO  SMECTIC-A  TRANSITION  UNDER 
SHEAR  FLOW.*  R.  Bruinsma,  Physics  Department,  UCLA,  Los 
Angeles,  CA  90024. 


Shear  flow  distorts  the  microstructure  of  fluids  if  the 
Deborah  number  De  becomes  comparable  to  one.  In  complex 
fluids,  exotic  hydrodynamic  effects  are  often  seen  in  this 
regime.  We  compute  within  Landau  theory  the  structure 
factor  S ( q )  of  a  sheared  nematic  close  to  the  nematic  to 
smectic-A  phase  transition.  As  a  function  of  increasing 
Deborah  number,  the  pretransitional  smectic-A  (cybotactic) 
clusters  become  increasingly  more  geometrically 
restricted,  evolving  from  their  usual  three  dimensional 
ellipsoidal  shape  for  De  «  1  to  an  extremely  isotropic 
one-dimensional  shape  for  De  >>  1.  We  discuss  the 
predictions  of  Landau  theory  for  x-ray  diffraction 
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experiments  for  various  orientations  of  the  nematic 
director.  The  suppression  of  pre-transitional  critical 
fluctuations  by  shear  flow  is  found  to  raise  the 
transition  temperature  Tna>  and  peculiarly,  T^A  is  found 
to  depend  on  the  orientation  of  the  director.  These 
distortions  of  the  microscopic  cybotactic  clusters  for  De 
»  1  by  shear  flow  are  also  reflected  on  the  macroscopic 
level.  The  classical  theory  of  the  dynamics  of  nematics, 
due  to  Erickson,  Leslie  and  Parodi  (ELP),  is  found  to  be 
incomplete.  We  compute  the  new  "normal  forces"  which  must 
be  added  to  ELP  hydrodynamics  for  large  De  and  we  discuss 
their  consequence,  in  particular  the  analog  of 
shear-thinning  for  liquid  crystals. 

*  in  collaboration  with  C.  R.  Safinya 

V3 .6 

NONEQUILIBRIUM  X-RAY  DIFFRACTION  STUDY  OF  THE 

NEMATIC-SMECTIC-A  TRANSITION  UNDER  SHEAR  FLOW.  L _ !L 

Safinva.  E.  B.  Sirota,  R.  Plano,  and  N.  Lei,  Exxon 
Research  and  Engineering  Co.,  Corporate  Research,  Route  22 
East,  Annandale,  NJ  08801. 

We  report  on  x-ray  scattering  studies  of  the  microscopic 
structure  of  the  nematic  (N)  and  the  smectic-A  (SmA) 
phases  in  (8CB)  under  dynamic  "steady-state"  shear  flow 
conditions  carried  out  in  an  x-ray  Couette-cell .  In  the 
nematic  phase,  we  find  a  director-fl ip-transition  as  the 
SmA  fluctuations  increase  on  approaching  the  SmA  phase. 
We  associate  this  transition  with  the  microscopic 
renormalization  of  the  Miesowicz  viscosity  r;b  predicted  by 
W.  L.  McMillan  (Phys.  Rev.  A,  g,  1720  (1974))  to  be 
proportional  to  the  square  root  of  the  SmA  susceptibility 
measured  by  x-rays.  As  a  function  of  decreasing 
temperature  in  the  vicinity  of  the  SmA  phase,  we  find  an 
abrupt  transition  (rather  than  the  expected  continuous 
transition)  to  a  regime  where  the  pretransitional  (SmA) 
fluctuations  (e.g.  the  cybotactic  domains)  are  distorted 
and  suppressed  along  the  shear.  The  distorted  structure 
allows  us  to  directly  measure  the  (SmA)  order  parameter 
relaxation  time  as  a  function  of  shear  rate.  We  find  that 
as  a  function  of  increasing  shear  rate  the  N-SmA 
transition  temperature  Tna  increases  initially  but 
eventually,  above  a  critical  shear  rate  decreases,  so  that 
in  the  (shear  rate-T)  plane  we  find  a  reentrant  nematic 
phase.  We  associate  the  initial  rising  of  Tna  with  the 
suppression  of  critical  fluctuations  due  to  shear  flow. 

V3.7 

KINETICS  OF  THE  LATE  STACE  GROWTH  IN  THE  PHASE  SEPARATION 
OF  A  CRITICAL  BINARY  MIXTURE. 

Serge  Lacelle  and  Franco  Cau,  Dept.de  Chimie,  Unlverrlte 
de  Sherbrooke,  Sherbrooke,  Quebec,  Canada  J1K  2R1. 

The  effects  of  shear  flow  on  the  phase  separation  processes 
in  the  critical  binary  mixture  anlllne/cyclohexane  have 
been  studied  with  natural  abundance  ^C  nuclear  magnetic 
resonance  spectroscopy.  Hie  ^C  llneshapes  were  monitored 
as  a  fv.-.ction  of  temperature  quenches  in  the  unstable 
region  of  the  coexistence  curve.  From  the  resonance 
linewldths  are  Inferred  average  lifetimes  of  molecules  in 
a  phase.  Assuming  a  diffusive  mechanism  for  Interphase 
transport  yields  time-dependant  domain  sites  R(t).  Power 
laws  R«tx  are  observed.  Crossovers  in  the  growth  exponents 
x  are  also  observed.  These  results  will  be  discussed  in 
light  of  existing  theories  on  critical  fluctuations  under 
shear,  hydrodynamic  percolation,  and  late  stage  growth. 

V3.8 


SELF-DIFFUSION  AND  RHEOLOGY  OF  WEAKLY 
INHOMOGENEOUS  BLOCK  COPOLYMERS.  Scott  T.  Milner 
and  Glenn  H.  Fredrickson.  ATVT  Bell  Laboratories,  600  Mountain 
Ave..  Murray  Hill,  NJ  07974:  Frank  S,  Bates  and  Jeffrey  H. 
Rosedale.  University  of  Minnesota,  Dept,  of  Chemical  Engineering 
and  Materials  Science.  421  Washington  Ave.,  S.E.,  Minneapolis, 
M.N  55455. 


We  discuss  the  self-diffusion  and  rheological  properties  '  block 
copolymer  melts  that  are  weakly  microphase  separated,  or  in  the 
pretransitional  disordered  phase.  Oscillatory  shear  measurements 
on  a  model  saturated  hydrocarbon  diblock  copolymer  indicate  a 
breakdown  of  time-temperature  superposition  and  detect 
unusually  large  shear  and  normal  stresses.  We  have  investigated 
single-molecule  and  collective  mechanisms  for  this  anomalous 
behavior,  both  related  to  the  presence  of  large  amplitude 
composition  fluctuations  in  such  systems.  A  particularly  striking 
prediction  is  that  the  energetic  barrier  to  self-diffusion  is  a  small 
fraction  of  kpT  ir  the  weakly  ordered  phase,  in  apparent  violation 
of  the  Lindeman;.  criterion  for  melting. 

V3.9 

SCALING  ANALYSIS  OF  SHEAR  THINNING  IN  POLYMER  SOLUTIONS. 

Y.  Rabin,  Cbanical  Physics  Department,  Weizmann  Institute 
of  Science,  Rehovot,  Israel  76100;  and  H.C.  Ottir^er,  In- 
stitut  fur  Polymere,  EIH-Zentrum,  CH-8092  Zurich,  Switz¬ 
erland. 


Introducing  the  notion  of  a  "shear  blob"  defined  as  a 
segment  of  a  polymer  on  the  scale  of  which  the  tension 
alcng  the  chain  balances  the  viscous  scaring  force,  we 
reproduce  Cnuki's  prediction  for  the  shear  thinning  of 
intrinsic  viscosity 

[>?]  ~  r* 

where  i  is  the  shear  rate,  <x=l-(l/3v)  and  v  is  the  Flory 
exponent.  A  new  prediction  for  the  shear  thinning  of  the 
normal  stress  coefficients  (F'y,^)  is 

[t'i)  -  r2* 

Furthermore,  if  the  Rabin-Kawaski  conjecture  about  the 
suppression  of  the  exc 1 uded- volume  effect  in  strong  shear 
is  correct,  we  predict  that  a=l/3,  independent  of  solvent 
quality. 

V4.1 

EFFECT  OF  THE  STABILIZING  COATING  AND  THE 
PRESENCE  OF  FREE  POLYMER  ON  THE  CRYSTALLIZATION 
PHENOMENA  OF  COLLOIDAL  SUSPENSIONS.  C.  Smits, 
J.K.G.  Dhont  and  H.N.W.  Lekkerkerker.  Van1!  Hoff 
Laboratory.  University  of  Utrecht,  T 'dualaan  8,  3584 

CH  Utrecht,  The  Netherlands. 

Visual  observations  and  preliminary  light  scattering 
experiments  on  the  crystallization  process  in  various 
colloidal  systems  are  reported.  In  the  first  place  we 
studied  the  influence  of  the  stabilizing  coating  of  the 
colloidal  particles  on  the  rate  of  crystallization.  The 
various  coalings  give  rise  to  different  ranges  of  the 
repulsive  interaction.  This  is  found  to  have  a  pronounced 
effect  on  the  rate  of  crystallization.  Furthermore  we 
investigated  the  effect  of  free  polymer  added  to  the 
dispersion.  It  appears  that  addition  of  free  polymer  has 
a  dramatic  effect  on  the  crystallization  phenomena. 

V4 . 2 

CHARGE  AND  SIZE  POLYDISPERSITY  EFFECTS  ON  THE 
SCATTERING  PROPERTIES  AND  THE  HIGH  FREQUENCY 
ELASTICITY  OF  COLLOIDS.  B.  D’Aguanno,  Rudolf  Klein  and  N 
Wagner,  Fakultat  fur  Physik,  Universitat  Konstanz,  D-7750 
Konstanz,  FUG. 

Polydispersity  in  charge  and  size  of  colloidal  particles  strongly 
influences  the  static  light  scattering  l{k)  and  the  first  cumulants 
r/*l  of  the  dynamic  correlation  function.  These  effects  are  calcu¬ 
lated  by  solving  the  Orstein-Zernike  integral  equation  for  the  micro- 
structure  with  the  thermodynamically  consistent  Roger-Young  (RY) 
closure  for  a  multicomponent  mixture  of  up  to  10  components. 
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Comparison  of  monodisperse  calculation  with  Monte  Carlo  simula¬ 
tions  demonstrates  the  superiority  of  the  RY  closure  for  interparticle 
potentials  of  screened  Coulomb  type  over  the  Percus-Yevick  and 
hypernetted  chain  closures.  The  results  for  I(k)  and  P ^k)  for  poly- 
disperse  systems  show  significant  difference  from  results  obtained  by 
treating  the  system  as  an  effectively  monodisperse  one.  For  I(k)  a 
large  increase  is  found  at  small  k  as  well  as  a  shift  in  the  main  peak. 
These  results  have  immediate  consequences  for  the  experimental 
determination  of  the  charge  on  the  colloidal  particles  from  the  main 
peak  in  /(*).  Finally,  high-frequency  elastic  moduli,  which  can  be 
expressed  in  terms  of  static  structure  factors  and  the  above  results, 
are  predicted  as  functions  of  concentration  and  polydispersity. 

V4 . 3 

DYNAMICS  OF  CONCENTRATED  COLLOIDS.*  DW,  Weitz. 
Exxon  Research  and  Engineering  Co.,  Rt.  ££  E,  Annandale,  A V 
08801. 

The  interactions  between  colloidal  particles,  and  between  the  par¬ 
ticles  and  the  surrounding  fluid,  play  a  major  role  in  determining  the 
dynamics  of  concentrated  suspensions.  Here  we  discuss  different  ap¬ 
plications  of  light  scattering  to  study  the  dynamics  in  concentrated 
colloidal  suspensions.  When  the  particles  are  comparable  to  the 
wavelength  of  light,  a  concentrated  suspension  will  typically  scatter 
light  very  strongly.  This  can  be  exploited  through  the  use  of  Diffus¬ 
ing  Wave  Spectroscopy  (DW'S),  which  is  an  extension  of  traditional 
dynamic  light  scattering  to  tne  multiple  scattering  regime.  New 
physics  can  be  explored  with  DWS  as  it  allows  the  motion  of  the 
particles  to  be  measured  on  very  short  length  scales.  We  exploit  this 
feature  to  study  the  hydrodynamic  interactions  that  influence  the 
nature  of  Brownian  motion  at  very  short  time  scales.  The  dynamics 
at  even  faster  time  scales,  or  higher  frequencies,  are  dominated  by 
the  acoustic  behavior  of  the  suspensions.  If  the  multiple  scattering 
can  be  eliminated,  the  acoustic  properties  can  be  studied  through  the 
use  of  Brillouin  scattering.  Again,  these  properties  are  strongly 
influenced  by  the  interactions  between  the  particles.  Here,  we  inves¬ 
tigate  the  relationship  between  the  particle  correlations,  as  charac¬ 
terized  by  the  structure  factor,  and  the  propagation  of  acoustic 
modes  through  the  suspension.  The  combination  of  these  techniques 
enables  us  to  explore  new  regimes  of  S(q,J)  for  concentrated  suspen¬ 
sions,  and  thus  study  the  dynamics  of  the  colloidal  particles. 

*  in  collaboration  with  L.  Ye,  Ping  Sheng,  D.J.  Pine,  and  P.N. 
Pusey. 

V4 . 4 

NON-DIFFUSIVE  BROWNIAN  MOTION  STUDIED  BY 
DIFFUSING  WAVE  SPECTROSCOPY  DJL  Ping,  Department  of 
Physics,  Haverford  College,  Haverford,  PA  19041,  D.A.  Weitz, 
Exxon  Research  and  Engineering  Co.,  Rt.  ££  E,  Annandale,  NJ 
0S801,  P.N.  Pusey  and  R.J.A.  Tough,  Royal  Signals  and  Radar 
Establishment,  Malvern,  Worcestershire  WR14  SPS,  UK. 

The  trajectory  of  a  Brownian  particle  on  time  scales  comparable  to 
the  viscous  damping  time  reflects  the  interplay  between  the  short 
range,  random  molecular  forces  and  the  long  range,  hydrodynamic 
forces  on  the  particle.  For  short  times,  the  particle  motion  is 
"ballistic",  while  at  long  times,  the  motion  is  diffusive.  The  nature 
of  the  transition  from  ballistic  to  diffusive  motion  is  determined  by 
the  interaction  of  the  particle  with  the  surrounding  fluid.  The  flow 
field,  or  vorticity,  established  in  the  fluid  when  the  particle  moves, 
reacts  back  on  the  Brownian  particle,  resulting  in  a  persistence  of 
the  motion.  This  is  manifested  as  a  "long-time  tail"  in  the  decay  of 
the  velocity  autocorrelation  function.  Thus,  the  nature  of  the  short- 
time,  non-diffusive,  Brownian  motion  and  the  transition  to  diffusive 
trajectories  are  sensitive  functions  of  the  hydrodynamic  interactions 
between  a  colloidal  particle  and  the  surrounding  fluid.  We  use 
diffusing  wave  spectroscopy  (DWS),  the  analysis  of  temporal 
fluctuations  of  multiply-scattered  laser  light.  This  technique  extends 
traditional  dynamic  light  scattering  to  the  strongly  multiple¬ 
scattering  regime,  and  can  be  used  to  probe  the  motion  of  Brownian 
particles  at  length  scales  of  only  a  few  angstroms,  much  less  than  the 
wavelength  of  light.  We  clearly  observe  the  non-diffusive  motion  of 
Brownian  particles  at  early  times  and  the  slow  approach  to  the 
asymptotic  diffusive  motion. 


V4.5 

DIELECTRIC  RELAXATION  IN  CONCENTRATED  SOLUTIONS 
OF  INVERTED  MICELLES.  J.  Sowa ,  S.  Bhattacharva , 
M.  J.  Higgins  and  J.  S.  Huang,  Exxon  Research  and 
Engineering  Company,  Route  22  East,  Annandale,  NJ 
08801. 


Low-frequency  dielectric  relaxation  studies  show 
anomalous  behavior  in  concentrated  solutions  of 
inverted  micelles  in  oil.  A  new  and  slow 
relaxation  process  appears  at  high  concentrations 
accompanied  by  a  conductivity  anomaly.  This  is 
suggestive  of  the  formation  of  some  yet-unknown 
large-scale  structure.  Similarities  and 
dissimilarities  with  glassy  relaxation  in  liquids 
are  noted  in  the  variations  of  the  relaxation 
times  with  temperature,  volume  fraction  of 
surfactants  and  oil  chain-length. 

V4.6 

FORMULATION  AND  PROCESSING  OF  COLLOIDAL  DISPERSIONS.  Will  jam 

B .  Russel .  Department  of  Chemical  Engineering,  Princeton 
University,  Princeton,  NJ  08S44-5263 

Colloidal  dispersions  appear  during  the  processing  of  chemi¬ 
cals  and  materials  in  a  number  of  contexts  that  require  con¬ 
trol  of  macroscopic  properties,  particular  phase  behavior  and 
rheology,  through  manipulation  of  the  chemistry.  This  talk 
will  survey  several  applications,  including  the  colloidal 
processing  of  ceramics,  the  formulation  of  coatings,  solid- 
liquid  separations,  and  waste  water  treatment,  and  attempt  tc 
identify  the  relevant  fundamental  science  involved. 

V4.7 

SEDIMENTATION  STUDIES  IN  NEARLY  HARD  -  SFHERE  SUSPENSIONS . 
Steven  E.  Paulin  and  Bruce  J.  Ackerson.  Department  of 
Fhysics,  Oklahoma  State  University,  Stillwater,  OK  74078  - 
0444. 

Results  are  presented  for  sedimentation  studies  of 
suspensions  in  a  liquid  of  micron  diameter  "nearly  hard" 
colloidal  spheres  consisting  of  polymethylmethacrylate 
(IMMA)  cores  stabilized  sterically  by  a  thin  layer  of  poly 
-  ( 12  -  hydroxystearic  acid) .  The  particles  are  dispersed 

in  a  mixture  of  decalin  and  tetralin  in  proportion  chosen 
to  nearly  match  the  particle  refractive  index,  thus 
providing  nearly  transparent  sanples.  A  series  of  samples 
having  different  volume  fractions  of  particles  zee  prepared 
and  allayed  to  settle  at  one  g.  In  each  sanple  a  dense 
crystalline  solid  develops  and  grows  upward  from  the 
bottom,  and  a  clear  supernatant  boundary  appears  and 
descends  from  the  top.  Depending  an  the  initial  particle 
volume  fraction  the  central  region  evidences  a  liquid, 
crystal,  or  coexisting  crystal  and  liquid  ordering  of 
particles  having  a  sharp  boundary.  Measurements  are  made  of 
these  boundary  regions  as  a  function  of  time.  In  addition 
light  scattering  diffraction  studies  are  conducted  to 
monitor  crystalline  solid  lattice  constants  as  a  function 
of  time  and  height  in  the  saitple.  From  these  data 
sedimentation  velocities  for  dense  suspensions  are 
determined  as  a  function  of  volume  fraction  and  suspension 
phase  behavior.  Particle  interactions  are  examined  in  the 
dilute  limit.  Model  hard  sphere  sedimentation  rates  and 
equations  of  state  are  tested  by  comparison  of  these  data 
with  a  numerical  solution  of  a  diffusion  -  sedimentation 
equation. 

V4 . 8 

NUCLEATI0N  OF  COLLOIDAL  CRYSTALS.  D.J.W.  Aastuen, 

C.  Swindal,  0.  Pieper,  and  N.A.  Clark,  Department  of  Physics, 
University  of  Colorado,  Boulder,  CO  80309. 

The  number  of  bcc  colloidal  crystal  nucleation  events  per 
unit  volume-per  unit  time  (n_)  in  a  supercooled  (shear 
melted)  colloidal  liquid  is  found  to  increase  strongly 
with  the  deqree  of  supercooling.  The  evolution  with  in- 
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creasing  ns  from  recrystall i zation  by  nucleation  and  growth 
to  glass  formation  will  be  discussed. 

Supported  by  NSF  DMR  8512071. 

V4.9 

FLOW  PROPERTIES  OF  CONCENTRATED  COLLOIDAL 
SUSPENSIONS.  J.W. Goodwin;  and  R.W. Hughes, 
Department  of  Physical  Chemistry,  University 
of  Bristol,  Cantock 's  Close,  Bristol  BS8  ITS, 
England . 

As  the  volume  fraction  of  a  suspension  of 
spheres  is  increased  non-Newtonian  flow  is 
observed.  Shear  thinning  behaviour  is  often 
seen  whilst  at  higher  concentrations  dila- 
tancy  may  occur.  The  volume  concentration  at 
which  non-Newtonian  behaviour  is  initially 
found  is  a  function  of  both  the  particle  size 
and  the  range  of  the  inter-particle  forces. 

Suspensions  of  hard  spheres  are  Newtonian  up 
to  volume  fractions,  0,  approaching  0.5.  For 
particles  where  there  is  a  weak  attractive 
colloid  potential  start  to  show  shear  thin¬ 
ning  behaviour  at  0>O.3.  Both  a  low  stress 
limiting  viscosity  and  viscoelasticity  can  be 
r  -sured  for  such  suspensions.  When  there  are 
lo  ig  range  electrostatic  forces  acting 
between  the  particles,  viscoelastic  behaviour 
can  be  found  at  0<O.2. 


Block  copolymers  with  micro  phase-separated  structure 
in  the  molten  state  (above  the  melting  and  glass 
transition  temperatures  of  both  blocks)  exhibit  striking 
rheological  behavior  which  determines  their  processing 
and  their  application.  The  3-dimensional  interface  of  the 
microphase  separated  structure  strongly  reduces  the 
molecular  mobility.  Some  systems  have  been  reported  to 
exhibit  yield  stress  or  gel  behavior.  However,  most 
molten  block  copolymer  melts  seem  to  be  liquids  with 
long  relaxation  times.  The  long  relaxation  modes  are 
determined  by  the  interface  while  the  short  ones  remain 
mostly  unaffected  by  phase  separation. 

Large  strains  alter  the  phase  separated  structure  with  the 
effect  that  the  molecular  mobility  increases  by  about  one 
order  of  magnitude.  Even  then,  the  molecular  mobility  is 
so  low  that  it  prevents  the  recovery  of  the  equilibrium 
structure.  Therefore,  processing  flows  effectively  produce 
a  microphase  separated  structures  which  strongly  depend 
on  strain  and  temperature  history.  The  molecules  are  not 
altered  by  this  process. 


Rheological  phenomena  will  be  reviewed  for  systems 
with  amorphous  and  with  liquid  crystalline  short  blocks. 


All  these  systems  can  be  analysed  in  terms  of 
an  equilibrium  structure  and  the  colloid 
potentials.  For  strongly  attractive  or 
coagulated  systems  this  is  not  the  case  and 
non-equilibrium  structures  are  produced. 

Examples  of  each  of  these  systems  will  be 
given  and  some  of  the  models  used  for 
predicting  the  behaviour  will  be  discussed. 

V4.10 

CRYSTALS  UNDER  SHEAR  AND  THE  MELTING  TRANSITION.’ 
Mark  .1.  Stevens.  James  F.  Belak,"  and  Mark.  O.  Robbins,  Depart¬ 
ment  of  Physics  and  Astronomy,  The  Johns  Hopkins  University,  Balti¬ 
more,  MD  21218 

We  have  studied  the  effect  of  shear  on  crystals  with  a  screened-Coulumb 
(Yukawa)  interparticle  interaction.  This  potential  gives  a  good  descrip¬ 
tion  of  the  equilibrium  properties  of  a  well  studied  experimental  sys¬ 
tem:  charge-stabilized  colloidal  crystals.  We  use  an  extension  of  the 
Parrinello-Rahman  molecular-dynamics  method  to  impose  a  constant 
shear-rate  ‘gamma’.  In  simulations  at  low  shear-rates,  we  find  a  solid¬ 
like  state  with  planes  of  particles  sliding  over  each  other.  The  density 
of  stacking  faults  increases  with  ‘gamma’.  At  high  shear  rates,  we  find 
an  enhanced  diffusion  perpendicular  to  the  shear  direction  and  the  cal¬ 
culated  structure  factor  indicates  ordering  of  particles  into  strings.  At 
even  higher  shear  rates,  the  solid  melts  and  we  observe  the  spherical 
structure  factor  characteristic  of  the  fluid  state.  Microscopic  mecha¬ 
nisms,  by  which  these  crystals  propagate  shear,  will  also  be  discussed. 
’Work  supported  by  National  Science  Foundation  Grant  No.  DMR- 
8553271 

’’Permanent  address:  Lawrence  Livermore  Laboratories,  Livermore, 
CA  94550 

V5.1 

RHEOLOGY  OF  PHASE  SEPARATED  BLOCK  COPOLYMER 
MELTS.  H.  Henning  Winter  ,  University  of 

Massachusetts,  Department  of  Chemical  Engineering, 
Amherst,  MA  01003,  USA 


V5.2 

MICROEMULSION  PERFORMANCE  FLUIDS.  Jan  Bock, 
Corporate  Research,  Exxon  Research  i 
Engineering  Co.  Rt.  22  East,  Annandale,  NJ  08801 

Microemulsions  are  thermodynamically  stable 
mixtures  of  two  immiscible  fluids,  such  as  oil 
and  water,  and  one  or  more  surfactants  or 
cosurfactants.  These  systems  have  a  rich 
micro-structure  and  phase  behavior  which  can 
take  the  form  of  a  variety  of  multi-phase  and 
single  phase  oil-  or  water-continuous  or 
bicontinuous  fluids  with  unique  and  useful 
properties.  The  thermodynamic  stability  and 
ultra-low  interfacial  tension  are  reasons  that 
microemulsions  are  used  as  displacement  fluids 
for  chemically  enhanced  oil  recovery.  In 
addition,  the  clarity,  high  solubilization 
capacity  and  high  interfacial  area  suggest  other 
uses  for  these  "performance  fluids". 

The  relationship  between  surfactant  structure 
and  the  phase  behavior  and  properties  of 
microemulsions  is  the  key  to  their  design. 

Through  the  proper  selection  of  surfactants, 
microeraulsion  phase  continuity  can  be  tailored 
for  a  variety  of  applications,  water-continuous 
microemulsions  can  be  designed  for  water  based 
lubricants  or  metal  working  fluids. 

Oil-continuous  microemulsions  are  being  studied 
in  water  containing  fuels  for  reduced  emissions. 
Bicontinuous  microemulsions  are  proving  useful 
for  separating  oil  and  water  from  refinery 
sludge.  Proper  surfactant  selection  also  leads 
to  high  water  and  oil  solubilization  in 
microemulsions  which  in  turn  results  in  improved 
effectiveness  in  these  applications. 

V5.3 

APPLICATIONS  OF  FERROELECTRIC  LIQUID  CRYSTAL  ( FLC )  ELECTRO¬ 
OPTIC  DEVICES.  Noel  A.  Clark,  University  of  Colorado, 
Department  of  Physics  and  Center  for  Optoelectronic  Comput¬ 
ing  Systems,  Boulder,  CO  80309. 
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I  will  review  the  device  applications  of  microsecond  speed, 
surface  bistable  FLC  c lectro-optic  effects,  emphasizing 
high  information  content  displays,  spatial  light  modulators 
for  optical  computing,  and  optical  switches. 

Work  supported  by  NSF  CDR  8622236  and  ARO  DAAL-03-86-K-0053. 

V5.4 

MICROSCOPIC  PROCESSES  IN  MICROEMULSION  POLYMERIZATIONS. 
Fran90i.se  Candau,  ICS  (CRM-EAMP)  CNRS-ULP,  6  rue 
Boussingaul t .  67083  Strasbourg  Cedex,  France. 

Microemulsions  are  attractive  media  for  polymerize tion 
reactions,  because  they  can  lead  under  appropriate 
conditions  to  nigh  molecular  weight  polymers  entrapped 
within  small-sized  stable  particles.  We  describe  here  some 
characteristics  of  the  polymerization  of  hydrophilic 
monomers  in  microemulsions  stabilized  by  anionic  or 
nonionic  surfactants.  Incorporation  of  monomer  in  the 
starting  systems  induces  a  change  of  the  curvature  of  the 
surfactant  monolayer  resulting  in  a  percolative  behavior. 
Eventually,  the  radius  of  curvature  becomes  so  large  that 
the  globular  configuration  transforms  toward  a  bicontinuous 
structure.  A  correlation  is  established  between  the 
mechanism  of  the  particle  growth  during  the  polymerization 
and  the  percolative  behavior  of  the  micellar  systems.  The 
differents  steps  of  the  building  up  of  the  polymer  latex 
particles  has  been  investigated. 

V5. 5 

" HL  BEHAVIOR  OF  ELECTRIC  FIELD  DEPENDENT  FLUIDS  UNDER 
DYNAMIC  STRESSES.  Frank  E.  Filisko,  The  University  of 
Michigan.  Materials  Science  and  Engineering,  Ann  Arbor, 

M.:  46109. 

Fluids  whose  rheological  properties  are  a  strong  function 
oi  applied  electric  field  were  first  observed  in  the 
1 S*  4  0  '  s  by  W .  Winslow.  In  their  simplest  form  these 
fluids  are  suspensions  of  a  nonconduct i ve  particulate 
phase  m  a  nonconducti ve  liquid  phase.  For  years  these 
fluids  were  of  intellectual  curiosity  only  due  to  severe 
constraints  imposed  on  them  by  the  requirement  for  large 
amounts  of  absorbed  water  on  the  particulate  phase. 

With  the  recent  discovery  of  particulate  systems 
which  produce  field  active  suspensions  without  adsorbed 
water,  interest  in  these  fluids  has  reawakened  both 
commercially  and  intellectually.  The  strong  possibility 
that  the  phenomenon  is  related  to  fundamental  chemistry/ 
physics  implies  that  when  adequately  understood,  materials 
can  be  synthesized  or  formulated  to  optimize  desirable 
properties.  Furthermore,  characterizing  and  modeling  the 
behavior  of  these  fluids  represents  a  considerable 
challenge  in  itself.  Ir,  this  presentation  we  will  discuss 
recent  developments  in  understanding  molecular  mechanisms 
responsible  for  the  phenomenon  as  well  as  the  rheological 
behavior  of  ER  fluids  in  response  to  a  dynamic  stress. 

V5.6 

OEPENOENCE  OF  THE  LOCATION  OF  01 ACETYLENIC  GROUP  ON  THE 
SIZE  OF  THE  VESICLES  FROM  1,2  OIACYL  PH0SPH0CH0LINES . 
Alok  Singh1,  S.  Harchywka*  and  R.  Shashidhar1 

^io/Molecular  Engineering  Branch,  Navel  Research 
Laboratory,  Washington,  D.C.  20375-5000;  ^Geo-Centers 
Inc.,  Ft.  Washington.  M0  20744 

It  has  been  observed  in  our  laboratory  that  molecules  of 
1 , 2bi s ( tricosa- 10 ,12  diynoyl )-sn-Glycero-3-phosphochol ine 
(DC8.9PC),  a  diacetylenic  lipid,  self-assemb'.fc  into 
different  structural  forms  when  dispersed  in  water 
depending  upon  the  methods  of  preparation  and  thermal 
cycling.  Aqueous  dispersion  of  this  lipid  upon  sontcation 
above  the  chain  melting  temperature  produces  small 
unilamellar  vesicles  (SUV's).  The  diameter  of  these  suv's 
can  be  determined  by  light  scattering  techniques 
(auto-correlation  method).  In  order  to  understand  the 


specific  role  of  the  diacetylenic  group  on  the  macroscopic 
structures  exhibited  by  the  lipid  dispersion,  we  have 
determined  the  hydrodynamic  diameters  of  vesicles  formed 
by  aqueous  dispersions  of  a  series  of  lipids,  viz,  DCm  nPC 
(see  figure).  These  lipids  have  been  so  chosen  that 
although  the  total  chain  length  is  the  same  for  them,  the 
position  of  the  diacetylenic  group  within  a  chain  is 
different.  It  is  observed  that  the  hydrodynamic  diameter 
of  the  vesicles  is  dependent  on  the  position  of  the 
diacetylenic  group  in  the  chain. 

CH20C(0)-(CH2)B-C=C-Ca;-(CH2)n-CH3 

CH0C(0)-(CH2)m-«;-C3;-(CH2)n-CH3 

CH20P(02)0-CH2-CH2-NMe3 

Structure  Formula  of  DCm  nPC 
m.n  -  4.17;  6,15;  10,11;  11,10 

V5.7 

FORMATION  OF  METAL  COLLOIDS  IN  INVERSE  MICELLES  AND 
MICROEMULSIONS .  J .  P .  Wlicoxon  (Organization  1152), 
and  R.  Williamson  (Organization  1843),  Sandia 
National  Laboratories ,  Albuquerque,  NM  87185. 

We  describe  the  formation  of  a  variety  of  metal 
colloids  (e.g.  Au,  Pt ,  Ir,  Pd,  Rh,  Re,  Ni,  Fe,  and 
Hg)  in  nonionic  and  ionic  surfactant  systems.  We 
show  how  the  underlying  microheterogenous  structure 
of  micellar  solutions  can  be  manipulated  to  control 
the  properties  of  colloids  formed  by  either  photo¬ 
chemical  or  chemical  reduction  of  metal  salts. 

Conversely,  using  the  Au  system  as  an  example,  we 
illustrate  how  the  formation  of  structures  in  various 
regions  of  the  phase  diagram  (e.g.  a  lamellar  region, 
near  a  three  phase  body  (bicontinuous  region) ,  or 
near  a  critical  point  can  be  used  to  gain  information 
concerning  the  underlying  structure.  Such  techniques 
as  electron  microscopy  or  small  angle  x-ray  scatter¬ 
ing  which  are  basically  sensitive  only  to  the  metal 
(high  Z)  structures  can  then  be  used  to  draw 
inferences  concerning  the  precursor  microemulsion 
structure.  We  demonstrate  control  of  size,  particle 
density,  and  structure  by  manipulation  of  the  system 
temperature  and  composition  and  discuss  the  under¬ 
lying  reaction  mechanism  for  photochemical  (laser) 
reduction  of  metal  salts  in  surfactant  systems. 


♦This  work  performed  at  Sandia  National  Laboratories, 
Albuquerque,  NM  and  supported  by  the  U.S.  Department 
of  Energy  under  Contract  No.  DE-AC-04-76DP00789 . 

V5.8 

STRUCTURE  AND  PROPERTIES  OF  RESORCINOL- 
FORMALDEHYDE  GELS*,  Stephan  A.  Letts,  S.  Buckley,  and 
F.M.  Kong,  University  of  California,  Lawrence  Livermore  National 
Laboratory,  Livermore,  California 

Foams  made  from  condensation  polymerized  resorcinol- 
formaldehyde  (RF)  gels  are  being  considered  for  use  in  direct-drive 
laser  fusion  targets.  Our  goals  are  to  produce  a  mechanically  strong 
foam  and  determine  the  relationship  between  gel  and  foam 
properties.  We  are  studying  the  gels  by  both  scanning  and 
transmission  electron  microscopy  and  viscometry  to  determine  the 
structure  of  the  materials  and  the  effects  of  processing  conditions. 

RF  gel  shear  properties  were  measured  using  an  oscillatory 
viscometer.  We  studied  the  effects  of  both  cure  temperature  and 
catalyst  concentration  (Na2CC>3>  on  the  solution  viscosity.  We  have 
found  that  the  viscosity  of  the  solution  of  mixed  reactants  increased 
from  a  water-like  viscosity  of  0.01  poise  to  100  poise  in  a  time  period 
of  approximately  30  minutes.  We  believe  that  particles  are  formed 
during  polymerization.  As  polyrization  occurs  the  polymer  phase 
separates  into  a  colloidal  suspension.  Gelation  results  much  later 
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(500  to  2,000  minutes)  from  aggregation  of  the  particles  into  the 
"strings  of  pearls"  morphology  of  the  gels  and  dried  foam. 

We  have  also  used  freeze- fracture  TEM  to  observe  the  morphology 
of  particles  in  the  solution  and  gel.  We  find  a  structure  of  aggrigated 
spherical  particles  approximately  200  A  in  diameter.  This  structure 
compares  well  with  structures  seen  by  SEM  and  TEM  in 
supercritically  dried  foams. 


•Work  performed  under  the  auspices  of  the  U.  S.  Department  of 
Energy  by  the  Lawrence  Livermore  National  Laboratory  under 
contract  number  W-7405-ENG-48. 

V6.1 

STUDY  OF  POLYMER  ADSORPTION  PHENOMENA  ON  A  SOLID 
SUBSTRATE*  Mahn  Won  Kim.  Exxon  Research  and  Engi¬ 
neering  Company  Rt.22  East  Annandale,  NJ  08801 

The  phase  retardation  angle,  At,  as  a 
function  of  the  incident  angle  was  measured  to 
study  adsorption  and  depletion  of  polymers  near  a 
sold  substrate  from  a  solution  using  an 
evanescent-wave  ellipsometry  technique.  A  lightly 
sulfonated  ionomer  dissolved  in  polar  solvent 
displayed  an  appreciable  interfacial  adsorption 
layer,  while  the  nonionic  precursor  in  ethyl 
acetate  exhibits  a  depleted  concentration  profile. 
The  results  are  in  good  agreement  with  adsorption 
or  depletion  layer  profiles  obtained  previously  by 
other  techniques,  i.e.  X-ray  fluorescence  for 
polymer  adsorption  and  optical  fluorescence 
evanesent  wave  technique  for  depletion. 

Furthermore,  the  results  show  that  ionomer 
adsorption  from  a  relatively  dilute  polymer 
solution  is  strongly  dependent  on  the  sulfonate 
level  of  the  ionomer  and  the  nature  of  substrate. 
Depletion  layer  formation  occurs  at  all  sulfonate 
levels  when  the  polymers  are  in  contact  with  a 
hydrophilic  surface.  Except  a  lowest  anionic 
charge ,  the  ionomers  are  observed  to 
preferentially  adsorb  onto  a  hydrophobic 
substrate. 

*This  work  was  done  in  collaboration  with  Drs.  D. 
G.  Peiffer,  H.  Hsiung,  Th.  Rasing  Y.  R.  Shen,  and 
Mr.  W.  Chen. 

V6 .2 

MODULATED  PHASES  AND  CHIRAL  DISCRIMINATION  IN  AMPHIPHILIC 
MONOLAYERS  AT  THE  WATER/AIR  INTERFACE.  David  Andelman. 
School  of  Physics  and  Astronomy,  Tel -Aviv  University, 
Tel -Aviv  69978,  Israel . 

Recently,  modulated  phases  of  insoluble  monolayers  of 
fatty  acids  and  phospholipids  spread  on  the  water/air 
interface  have  been  observed  by  fluorescence  microscopy 
experiments.  We  propose  a  theoretical  explanation  of  this 
observation  by  including  electrostatic  (dipolar) 
interactions  in  the  total  free  energy  calculation  for  the 
monolayer.  Dipoles  can  originate  from  two  sources: 
neutral  amphiphiles  have  a  permanent  dipole  and  charged 
amphiphiles  have  an  induced  one.  Modulated  phases  are 
found  to  be  stable  in  two  different  limits:  close  to  the 
liquid-gas  transition  and  at  low  temperatures.  Several 
phases  with  stripe  and  hexagonal  symmetry  are  predicted 
and  the  phase  transition  between  them  are  calculated. 

Phospholipids  and  other  biological  molecules  have  one  or 
more  chiral  centers  that  are  responsible  for  chiral 
discrimination  and  chiral  specificity  in  biological 
processes.  Langmuir  monolayers  of  chiral  amphiphiles 
offer  one  of  the  simplest  realization  of  chiral  mixtures 
because  of  their  two-dimensional  character.  We  calculate 
the  chiral  discrimination  for  a  particular  type  of  model 
molecule--an  amphiphile  with  a  tripodal  head  moiety.  The 


chiral  discrimination  depends  on  the  intergroup 
interaction  and  tends  to  favor  homochirality  for 
electrostatic  interactions  and  heterochirality  for  van  der 
Waals  interactions.  Phase  diagrams  for  racemic  mixtures 
that  form  conglomerates  and  racemates  are  calculated. 

V6.3 

Wetting  on  Heterogeneous  Solid  Surfaces.  S.  Garoff.  Dept  of 
Physics,  Carnegie  Mellon  University,  Pittsburgh,  PA  15213. 


Wetting  and  spreading  of  a  fluid  on  a  solid  are  highly  complex 
phenomena.  Real  surfaces  are  both  rough  and  chemically 
heterogeneous  on  many  length  scales  and  this  non-ideal  character 
has  dramatic  effects  on  the  wetting  properties  of  these  surfaces. 
Using  a  variety  of  experimental  and  theoretical  techniques,  we  have 
examined  wetting  and  spreading  on  heterogeneous  surfaces. 


Submonolayer  coverages  of  surfactant  molecules  on  solid  surfaces  are 
often  composed  of  islands  of  these  molecules  and  thus  produce 
surfaces  with  heterogeneous  wetting  properties.  For  these  patchy 
surfaces  (and  most  ambient  surfaces),  contact  angle  hysteresis  and 
unsteady  motion  of  the  contact  line  are  characteristic  of  the  wetting 
behavior.  A  simple  model  of  the  energy  of  such  a  system  has  been 
used  to  explain  these  phenomena.  This  model  bears  resemblance  to 
that  describing  the  motion  of  domain  walls  past  impurities  in  a 
ferromagnet,  the  origin  of  Barkhausen  noise.  To  examine  wetting  in  a 
more  controlled  fashion,  wetting  and  spreading  on  surfaces  with 
microfabricated  heterogeneities  have  been  experimentally  probed. 
These  experiments  mimic  many  of  the  essential  features  on  naturally 
heterogeneous  surfaces.  Finally,  x-ray  reflection  measurements 
have  been  used  to  examine  the  effects  of  surface  heterogeneity  on  the 
structure  of  the  ultrathin  wetting  layers  which  extend  beyond  bulk 
menisci  of  fluids  at  rest  or  moving  on  a  solid.  We  found  that  the 
roughness  and  heterogeneity  of  the  solid  surface  manifest  themselves 
in  the  roughness  of  the  fluid/vapor  interface  of  the  film,  in  the 
irregularity  of  the  terminating  boundary  of  the  film,  and  in  the 
hysteretic  pinning  of  that  terminating  boundary. 

V6.4 

STATISTICAL  THERMODYNAMICS  OF  PHASE  TRANSITIONS 
IN  SURFACTANT  MONOLAYER  FILMS.  R.  S.  Cantor,  Department 
of  Chemistry,  Dartmouth  College,  Hanover,  N.H.  03755. 

In  recent  work  (J.  Chem.  Phys.  90,  4431;  4440  (1989)],  a  lattice 
statistical  mechanical  method  has  been  developed  to  predict  structural 
and  thermodynamic  properties  of  fluid  phases  of  surfactant  monolayer 
films  at  the  interface  between  water  and  a  hydrophobic  solvent.  This 
approach  incorporates  translational  and  conformational  degrees  of 
freedom  of  the  surfactants  and  accounts  for  chain/solvent/water  mixing 
energy  in  nearest-neighbor  approximation.  In  addition  to  the  liquid-gas 
transition,  a  fluid-fluid  phase  transition  is  predicted  to  occur  at  high 
surface  densities  (o).  We  examined  the  predicted  o-dependence  of  two 
structural  order  parameters:  the  solvent  concentration  profile  and  a 
measure  of  the  degree  of  surfactant  translational  freedom.  With 
increasing  o,  the  chains  are  predicted  to  react  predominantly  through 
loss  of  translational  freedom,  until  virtually  all  translational  freedom  is 
lost  at  o«0.6,  although  a  considerable  amount  of  solvent  remains 
"trapped"  within  the  flexible  chains.  Further  compression  results  in  a 
shift  in  the  chain  conformational  distribution  favoring  extended 
conformations  that  pack  more  efficiently,  thus  ejecting  previously 
trapped  solvent  and  resulting  in  an  internal  condensation  of  chain 
segments  -  the  high-density  transition.  The  low-density  transition  can 
be  viewed  as  a  two-dimensional  demixing  of  chains  (retaining  trapped 
solvent)  and  "free"  solvent  between  the  chains. 

In  monolayers  of  mixed  chain  length,  the  high  density  transition  is 
predicted  to  exhibit  azeotropy.  If  the  chains  differ  sufficiently  in  length, 
heterogeneous  azeotropy  is  predicted,  the  phase  diagrams  resembling 
those  of  bulk  n-alkane/water  mixtures  in  the  critical  region. 
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V6.5 


X  RAY  REFLECTIVITY  OF  A  POLYMER  MONOLAYER  AT  THE 
WATER/VAPOR  INTERFACE.  M  L.  Schlossman.  D.K.  Schwartz,  E. 
Kawamoto,  G.  Kellogg,  P.S.  Pershan  (Department  of  Physics  and  Division 
of  Applied  Sciences,  Harvard  University,  Cambridge,  MA  02138),  M.W. 
Kim  and  T.C.  Chung  (Exxon  Corporation  Research  Laboratory,  Annandale, 
NJ) 

X-ray  reflectivity  of  a  co-poly  1,2-butadiene/butyl  alcohol  (50%  random 
substitution)  monolayer  at  the  water/vapor  interface  was  measured  from  the 
critical  angle  to  Qz  =  0.6  A"1  (where  Qz  is  the  transferred  momentum  normal 
to  the  interface).  On  a  Langmuir  trough,  the  monolayer  was  prepared  at  three 
different  surface  pressures,  all  in  the  high  pressure  saturated  region  of  the 
isotherm.  Preliminary  analysis  allows  us  to  determine  the  width  of  the 
vapor/monolayer  interface,  the  maximum  electron  density  of  the  monolayer, 
and  the  position  of  that  maximum  from  the  vapor/monolayer  interface.  The 
width  of  the  vapor/monolayer  interface  for  the  two  lower  pressures  can  be 
predicted  from  the  theoretical  form  for  thermal  capillary  waves  using  in  situ 
measurements  of  the  surface  tension;  for  the  highest  pressure  monolayer,  the 
width  of  the  interface  is  larger  than  predicted  by  capillary  wave  theory.  The 
position  of  the  maximum  in  the  electron  density  moves  further  from  the 
interface,  away  from  the  vapor,  as  the  pressure  increases.  The  maximum 
observed  value  of  the  monolayer  electron  density  is  approximately  10% 
larger  than  that  of  the  bulk  polymer. 

Work  supported  by  the  National  Science  Foundation  under  grants  NSF- 
DMR-88- 12855  and  NSF-DMR-86- 14003. 

V6.6 

SURFACE  ADSORPTION  STUDIES  BY  OPTICAL  SHG ,  Viola 
Vogel .  C.  Mullin,  Y.  R.  Shen,  Dept,  of  Physics. 
University  of  California,  Berkeley,  California 
94720  Hahn  Won  Kim,  Exxon  Research  and  Engineering 
Company  Rt.  22  East  Annandale,  New  Jersey  08801 


The  high  surface  specificity  of  optical 
second  harmonic  generation  (SHG)  makes  the 
technique  to  be  an  ideal  tool  for  time  resolved 
surface  adsorption  studies.  SHG  allows  to  measure 
directly  the  surface  excess  as  well  as  the  average 
orientation  of  the  adsorbed  molecules.  In  this 
talk,  we  will  focus  an  adsorption  process  of 
surfactants  of  the  air/liquid  interface  with  the 
aim  to  prove  theoretical  models  relating  surface 
pressure  and  surface  excess  as  well  as  to  study 
orientational  phase  transitions. 

V6.7 

X-RAY  REFLECTIVITY  STUDIES  OF  SOLID/LIQUID  CRYSTAL 
INTERFACES.  B  M .  Ocko.  Physics  Department,  Brookhaven 
National  Laboratory,*  Upton,  NY  11973. 

Liquid  crystals  exhibit  diverse  wetting  phenomena  since  both 
orientational  as  well  as  positional  order  can  be  induced  by 
an  interface  at  temperatures  where  the  bulk  phase  is  disor¬ 
dered.  For  the  present  study  the  x-ray  reflectivity  tech¬ 
nique,  which  is  directly  related  to  the  ordering  along  the 
surface  normal  direction,  has  been  extended  to  the  liquid/ 
solid  interface.  X-ray  reflectivity  measurements  have  been 
carried  out  at  the  National  Synchrotron  Light  Source. 

Studies  have  been  conducted  in  the  isotropic  phase  of  the 
cyanobiphenyl  compounds  (10CB,  11CB,  12CB)  at  alkylsiloxane 
coated  silicon  surfaces  (CIO,  C12,  C16).  These  results 
indicate  that  the  (Smectic  A)  layering  transitions  do  not 
depend  on  the  length  of  the  alkylsiloxane  hydrocarbon  chain. 
For  12CB  three  distinct  layering  transitions  are  observed  , 
whereas  five  transitions  are  observed  at  the  air  Interface. 

In  addition,  the  layering  transition  temperatures  are  shifted 


with  respect  to  the  transitions  at  an  air  interface.  The 
measured  reflectivities  have  been  fit  to  simple  density 
profiles  and  the  smectic  order  parameters  for  the  first  two 
layers  are  consistent  with  mean  field  theory. 

References 

1.  B.M.  Ocko,  A.  Braslau,  P.S.  Pershan,  J.  Als-Nielsen,  and 
(i.  Deutsch,  Phys.  Rev.  Lett.  vol.  57,  p.  94  (1986). 

*  This  work  was  supported  by  the  Division  of  Material 
Research,  U.S.  Department  of  Energy,  under  contract  No. 
DE-AC02 -76CH00016 . 

V6.8 

X-RAY  REFLECTIVITY  STUDIES  OF  POLYELECTROLYTE 
ADSORPTION  AT  THE  SOLUTION-VAPOR  INTERFACE.  M.L. 
Schlossman,  E.H.  Kawamoto.  D.K.  Schwartz  and  P.S.  Pershan 
(Department  of  Physics  and  Division  of  Applied  Sciences,  Harvard 
University);  M.W.  Kim  and  D.  Peiffer  (Exxon  Corporate  Research 
Laboratory) 

Synchrotron  X-ray  reflectivity  studies  of  the  vapor-liquid  interface  of 
polyelectrolyte  solutions  were  carried  out  at  Brookhaven  National 
Laboratory.  Several  concentrations  of  dilute  solutions  (0.1-5  wt.  %)  of  co¬ 
poly  (styrene/rubidium-sulfonated  styrene  [8.4%  random  substitution])  in 
dimethyl  sulfoxide  (Rb-SPS;  molecular  weight  100  K)  and  co-poly  (vinyl 
pyridine/brominated  vinyl  pyridine  [65.8%  r.  s.])  in  water  (Br-PVP;  MW 
143  K)  were  prepared.  X-rays  were  scattered  from  the  surfaces  of  these 
solutions,  and  the  specularly  reflected  intensity  measured  over  9  orders  of 
magnitude  from  the  critical  angle  to  Qz  =  0.5  A'1.  Compared  with  the 
Fresnel  reflectivity  (from  an  idealized  sharp  interface  between  vapor  and  a 
homogeneous  phase  of  the  same  density  as  the  bulk  solution),  the  Br-PVP 
system  exhibits  an  enhancement  of  reflected  intensity,  whereas  the  Rb-SPS 
system  exhibits  a  diminished  reflectivity.  Data  from  the  Br-PVP  solutions 
indicate  a  20%  enhancement  of  surface  electron  density  over  that  of  the  bulk 
in  a  region  -10  A  from  the  surface,  whereas  the  Rb-SPS  data  indicate  a 
depletion  of  interfacial  electron  density. 

Work  supported  by  the  National  Science  Foundation  under  grants  NSF- 
DMR-88- 12855  and  NSF-DMR-86- 14003. 

V6.9 

NRA  STUDIES  ON  THE  INTERFACE  FORMATION  IN  POLYMER 
MIXTURES  BELOW  THE  CRITICAL  POINT.  Ullrich  Sieinr.r 
Kumar  Chaturvedi1,  Omer  Zak,  Georg  Krausch2.  Gunther  Schatz2 
and  lacob  Klein.  Department  of  Polymer  Research,  Weizmann 
Institute,  Rehovot  76100,  Israel. 

Mixtures  of  polystyrene  (hPS)  and  deuieraled  polystyrene  (dPS) 
are  weakly  incompatible  and  thus  characterized  by  a  small 
interaction  parameter  x-  Upon  heating  a  bilayer  of  hPS  and  dPS 
to  a  temperature  below,  but  close  to  the  critical  temperature  of 
the  mixture,  the  polymers  will  not  interdiffuse  freely,  but  a  finite 
interfacial  region  will  be  formed.  Based  on  a  known  X“10-4  the 
equilibrium  width  is  expected  to  be  of  a  few  tens  of  am. 

Nuclear  Reaction  Analysis  (NRA),  a  profiling  technique  which 
employs  the  2  H(3He,4He)>  H  reaction  has  been  used  to  study  the 
interfacial  structure  of  a  bilayer  of  hPS  and  dPS.  This  technique 
has  a  resolution  which  is  significantly  higher  than  that  of 
comparable  ion-beam  techniques  which  use  elastic  scattering; 
this  allows  us  to  measure  the  structure  with  ca.  lOnm  resolution. 

Using  this  technique,  we  measured  directly  the  composition 
profile  at  the  interface  of  the  hPS/dPS  bilayer.  We  have  shown, 
that  it  grows  with  time  to  some  limiting  interfacial  width  at 
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sufficiently  long  times.  The  variation  of  the  inlerfacial  width 
with  temperature  is  in  fair  agreement  with  the  prediction  of 
mean  field  theories. 

We  are  currently  investigating  the  development  of  the  interface 
width  with  time  and  are  also  using  our  approach  to  characterize 
the  coexistence  features  of  this  system.  Results  will  be  given  and 
compared  to  theoretical  predictions. 


1.  FBLJA  World  Lab.  Project,  CERN,  CH-1211  Geneva  Switzerland. 

2.  Dept,  of  Physics,  University  of  Konstanz,  D-7750  Konstanz,  FRG. 

V7.1 

TWO-COMPONENT  GRAFTED  POLYMER  LAYERS  T.  A. 
Witten  University  of  Chicago,  Chicago  IL  60637  and  S.  T.  Milner, 
Exxon  Corporate  Research,  Annandale  NJ  08801. 

Polymers  in  a  liquid  often  have  strong  effects  on  liquid-liquid  and 
liquid-solid  interfaces.  In  this  talk  we  consider  the  distinctive  effects 
of  polymers  attached  densely  to  such  an  interface  by  one  end,  so  that 
each  chain  is  obliged  so  elongate  substantially.  Such  dense  graft¬ 
ing  may  be  attained  by  adsorbing  end-functionalized  polymersJH.  T. 
Taunton,  C.  Toprakcioglu,L.  J.  Fetters,  and  J.  Klein  Nature  332  712 
(1988))  or  copolymers  [S.  Granick,  S.  Patel,  and  M.  Tirrell,  J.  Chem. 
Phys  85  5370  (1986)]  to  a  solid  surface,  or  at  a  polymer- polymer  in- 
terface[D.  J.  Kinning,  K.  I.  Winey  and  E.  L.  Thomas,  Macromolecules 
21  3502  (1988)).  The  stretched  polymers  endow  the  grafted  layer  with 
considerable  stored  free  energy,  making  it  resist  bending,  compression 
and  the  entry  of  unattached  chains. 

In  this  talk  we  consider  the  effects  on  this  high-energy  grafted  layer 
when  two  immiscible  grafted  polymers  are  present.  We  discuss  how 
the  segregation  of  the  two  species  is  influenced  by  the  grafting  con¬ 
straint  and  by  their  relative  molecular  weights. 

V7.2 

LONG-RANGE  INTERACTIONS  AND  RIGIDITY  OF  POLYMERS  AND 
SURFACES.  Mehran  Kardar.  Physics  Department, 
Massachusetts  Institute  of  Technology,  Cambridge,  HA 
02139. 

We  examine1  the  effects  of  long-range  interactions,  e.g. 
Coulomb  repulsions,  in  polymers  and  surfaces.  An 
important  consequence  of  such  interactions  is  a  strong 
resistance  to  bending,  which  in  many  cases  leads  to 
macroscopically  flat  morphologies.  Thermal  fluctuations 
around  the  flat  shape  leads  to  a  characteristic  roughness 
exponent.  Even  screened  Coulomb  interactions  can  result 
in  large  bending  energies.  For  membranes  we  calculate  the 
dependence  of  the  effective  bending  energy,  and  the 
resulting  persistence  length,  on  the  screening  distance. 
This  amounts  to  extending  the  concept  of  the  "Odijk 
length"  from  polymers  to  surfaces. 

!Y.  Kantor  and  M.  ICardar,  Europhys.  Lett.  9,  53  (1989). 

V7.3 

STATISTICAL  BEHAVIOR  OF  ELASTIC  MEMBRANES.  S.  Leibler. 
Service  Oe  Phys.  Theorique,  C.E.N. -Saclay,  F -91 190 
Gif-Sur-Yvette,  Cedex  France. 

Polymerized  membranes  are  two-dimensional  objects  built 
with  molecules  tightly  bound  together.  Simple  examples 
are  given  by  phospholipid  bilayers  with  crossl inked 
molecules,  thin  polymeric  films  or  networks  of  proteins 
forming  permanent  or  temporary  structures  in  a  cell. 
Recently,  these  systems  have  attracted  attention  of 
theoretical  physicists  because  of  their  rich  thermodynamic 
behavior.  When  the  elastic  constants  of  a  polymerized 
membrane  (e.g.  the  bending  modulus)  are  of  order  kgT,  the 
thermal  fluctuations  can  Induce  various  statistical 
phenomena  such  as  crumpling  transitions,  buckling 


transitions,  surprising  shape  transformations,  etc.  We 
shall  present  here  a  short  review  of  these  phenomena,  and 
describe  some  recent  analytical  and  numerical  results 
concerning  the  polymerized  membranes.  We  shall  also 
suggest  some  possible  directions  for  further  experimental 
studies  as  well  as  mention  several  possible  applications 
for  these  systems. 

V7 . 4 

dehydration  of  protein  polymers  in  concentrated  nematic 

SOLUTIONS.1  Reinhard  Hentschke  and  Judith  Herzfeld. 
Department  of  Chemistry,  Brandeis  University,  Waltham, 
Massachusetts  02254-9110. 

Protein  fibers  (e.g.,  actlnfilaments ,  microtubules,  and 
sickle  cell  hemoglobin  fibers) ,  formed  by  the  reversible 
association  of  quasispherical  protein  monomers,  contain 
substantial  solvent.  At  high  concentrations,  solutions  of 
these  fibers  become  non- ideal  due  to  interactions  between 
the  elongated  particles.  One  manifestation  of  this 
non- ideality  is  the  spontaneous  alignment  of  the  fibers. 
Model  calculations,  involving  simple  intra-  and  inter¬ 
aggregate  interactions  leading  to  polymerization  and 
alignment,  agree  well  with  osmotic  pressure  measurements  of 
sickle  cell  hemoglobin  solutions  in  the  region  of  the  phase 
transition.  However,  at  higher  concentrations  the  theory 
cannot  fit  the  experimental  data  unless  solvent  can  be 
squeezed  out  of  the  fiber  under  stress.  Ue  find  that  a 
linear  potential  for  fiber  dehydration  gives  osmotic 
pressures  results  consistent  with  the  experimental  data. 
Under  these  conditions,  substantial  fiber  dehydration  occurs 
with  increasing  protein  concentration  beyond  the  alignment 
transition.  This  shows  that  particle  interactions 
sufficient  to  cause  alignment  are  also  sufficient  to  squeeze 
significant  amounts  of  solvent  out  of  sickle  cell  hemoglobin 
fibers . 

1.  Supported  by  NIH  grant  HL-36546  and  a  fellowship 
to  RH  from  the  Deutsche  Forschungsgemeinschaf t . 

V7.5 

APPLICATIONS  OF  SCALING  THEORIES  FOR  POLYMER  ADSORPTION  TO 
PROTEIN  PARTITIONING  IN  TUO-PHASE  AQUEOUS  POLYMER  SYSTEMS. 
Nicholas  L.  Abbott.  Daniel  Blankschtein .  T.  Alan  Hatton. 
Department  of  Chemical  Engineering,  Massachusetts  Institute 
of  Technology,  Cambridge,  MA  02139  USA. 

The  ability  of  proteins  to  distribute  unevenly  between  the 
phases  of  biphasic  aqueous  polymer  systems  is  well  established 
experimentally.  In  particular,  the  importance  of  protein 
size,  phase  -  forming  polymer  size  and  polymer  concentration  has 
been  previously  measured. 

Despite  this  large  body  of  experimental  data,  a  relatively 
poor  understanding  of  molecular  mechanisms  causing  the 
observed  partitioning  exists.  An  alternative  to  recent 
statistical -mechanical  and  virial  expansion  type  models  to 
describe  characteristic  features  of  protein  partitioning  in 
two-phase  aqueous  polymer  systems  is  proposed.  The  new 
approach  applies  scaling  concepts  developed  in  polymer  physics 
to  the  interaction  of  polymers  with  colloidal  particles  (i.e. , 
proteins)  to  provide  a  computationally-simple  yet  molecular 
thermodynamic  description  of  the  protein  partitioning  problem. 
The  dimensional  arguments  capture  the  universal  features  of 
polymer  solution  behavior  in  simple  analytic  expressions,  and 
appear  capable  of  describing  characteristic  features  of  the 
experimentally  measured  protein  partition  coefficients. 

V7.6 

PHASE  BEHAVIOR  OF  NONIONIC  AMPHIPHILE  AND  NONIONIC 
POLYMER  IN  AQUEOUS  SOLUTION.  Klaus  R.  Wormuth. 
Exxon  Research  and  Engineering  Co. ,  Route  22  East, 
Clinton  Township,  Annandale,  NJ  08801. 

A  relatively  unexplored  area  of  research,  the 
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phase  behavior  of  polymer  and  surfactant  mixtures, 
is  systematically  examined.  Nonionic  amphiphile 
(CiEj  =  CH3 [ CH2 ] i-i [OCH2CH2 ]  jOH)  mixed  with 
nonionic  polymer  (polyethylene  oxide)  present 
richly  varying  phase  behavior  as  a  function  of 
temperature  and  composition  when  the  molecular 
weight  of  the  amphiphile  and  polymer  are  changed. 
As  the  amphiphile  is  stretched  from  the 
weakly-associating  alcohol  C4E1  to  the 
strongly-associating  surfactant  CgE4,  miscibility 
with  polymer  is  greatly  reduced.  A  qualitative 
description  of  the  phase  behavior  is  achieved  by 
treating  the  surfactant  micelle  as  a  polymer,  and 
treating  polymer-polymer  interactions  with  a  model 
based  on  Flory-Huggins  solution  thermodynamics. 

VI  .1 

LAYERED  LIQUID  CRYSTALS  AND  SUPERCONDUCTORS:  THE 
COMPLETE  STORY.  G.  Srajer.  R.  Pindak,  J.  W.  Goodby,  M.  A.  Waugh, 
AT&T  Bell  Laboratories.  Murray  Hill,  NJ;  and  J.  S.  Patel,  Bell 
Communications  Research,  Redbank,  NJ. 


The  application  of  a  twist  distortion  to  a  layered,  smectic-A  liquid  crystal  phase 
is  analogous  to  the  application  of  a  magnetic  field  to  a  superconductor1 .  In  the 
latter  case,  the  magnetic  field  is  either  expelled  (type-I)  or  incorporated  in  a 
lattice  of  flux  lines  (tvpe-II).  Until  now,  this  analogy  has  been  only  partially 
fulfilled,  because  atl  known  smectic-A  materials  displayed  type-1  behavior. 

In  this  talk  we  report  high-resolution  x-ray  and  optical  data  on  well  aligned 
samples  which  unambiguously  confirm  the  existence  of  a  smectic-A  phase 
exhibiting  type-II  behavior,  that  is,  rather  than  expel  twist,  the  locally  layered 
phase  incorporates  it  in  a  macroscopic  helical  structure  involving  an  array  of 
defects  which  are.  presumably,  screw  dislocations.  The  resultant  new  phase  is 
referred  to  as  a  smectic-A*2.  Our  optical  studies  confirm  the  helical  structure 
since  aligned  samples  selectively  reflect  circularly  polarized  light.  The  pitch  of 
the  helix  is  -0.4  pm,  obtained  by  measuring  the  wavelength  of  the  reflected 
light.  Furthermore,  x-ray  measurements  demonstrate  that,  firstly,  the  layer 
correlations  extend,  at  least,  4000A  and,  secondly,  the  layers  are  oriented 
parallel  to  the  helical  axis.  Finally,  detailed  reciprocal  space  scans  reveal  that 
the  scattering  from  the  A*  phase  is  consistent  with  that  expected  from  the 
"Twist  Grain  Boundary"  (TGB)  phase  recently  proposed  by  Renn  and 
Lubcnsky3.  The  TGB  phase  is  the  liquid  crystal  analog  of  the  superconductor 
Abrikosov  flux  lattice. 

1.  P.G.  de  Gennes,  Solid  State  Commun.  10.  753  (1972). 

2.  J.W.  Goodby.  et  al.  Nature  337.  449  (1989). 

3.  S.R.  Renn  and  T.C.  Lubensky,  Phys.  Rev.  A38,  2132  (1988). 

V7.8 

THERMAL  PROPERTY  EVOLUTION  TOWARD  EFFECTIVELY  TWO- 
DIMENSIONAL  SUBSTRATE- FREE  SYSTEMS.*  R.  Geer  and  C.C.  Huang. 
Dept,  of  Physics,  University  of  Minnesota,  Minneapolis,  MN 
55455;  R.  Pindak  and  J.W.  Goodby,  AT&T  Bell  Laboratory, 
Murray  Hill,  NJ  0/974. 

A  high- resolution  free-standing  liquid-crystal  film 
calorimeter  has  been  developed  to  investigate  the  tempera¬ 
ture  dependence  of  the  heat  capacity  of  substrate-free 
liquid-crystal  films.  We  have  observed  a  clear  evolution  of 
the  heat-capacity  anomaly  from  che  films  of  the  liquid- 
crystal  compound  650BC  as  the  film  are  reduced  in  thickness 
from  20  to  4  molecular  layers  near  their  bulk  smectic-A- 
hexatic-B  transition.  Here  650BC  refers  to  n-hexyl-4' -n- 
pentyloxybiphenyl-4-carboxylate .  For  the  films  with 

thickness  between  5  and  20  molecular  layers,  a  second  tran¬ 
sition  can  be  resolved  about  0.5  K  above  the  main  transition 
temperature.  Ve  propose  that  the  higher-temperature  transi¬ 
tion  signals  an  ordering  of  the  surface  layers  of  the  films 
while  the  lower-temperature  transition  involves  an  ordering 
of  the  interior  layers.  In  contrast,  the  4-layer  films  show 
a  single  and  sharp  heat-caoaclty  peak  (FVHM  «  200  mK) 
without  thermal  hysteresis.  This  heat-capacity  anomaly  can 
be  described  by  a  cusp-like  power-law  expression. 
Experimentally,  for  the  first  time  we  demonstrate  the 
capability  to  measure  heat-capacity  anomaly  in  aneffectlvely 


two-dimensional  substrate -free  system.  The  theory  on  2D  XY 
transitions  predict  no  sharp  anomaly  at  the  transition 
temperature.  Our  experimental  results  on  4- layer  film 
disagree  with  this  theoretical  prediction. 


♦Supported  in  part  by  a  NSF  grant 
V7.9 

DYNAMIC  RIGIDITY  PERCOLATION  IN  INVERTED 
MICELLES.  L.  Yfi,  D.A.  Wat2,  Ping  Sheng,  S.  Bhattacharya,  J.S. 
Huang  and  M.J.  Higgins,  Exxon  Research  and  Engineering  Co.,  Rt. 
S2E,  Annandale,  NJ  08801. 

We  report  the  unusual  viscoelastic  properties  of  inverted  micelles  of 
AOT  in  decane.  The  volume  fraction  of  the  micelles,  $,  can  be 
varied,  while  their  radius  remains  fixed.  There  is  a  weak,  short- 
range  attractive  interaction  between  the  micelles,  and  the  character¬ 
istic  times  scale  of  this  interaction,  rc,  determines  their  behavior. 
On  time  scales  long  compared  to  rc,  their  diffusive  motion  ensures 
that  the  micelles  are  dynamically  dispersed  in  the  surrounding  oil. 
By  contrast,  on  time  scales  short  compared  to  rc,  the  micelles  form 
instantaneous,  random  clusters,  which  at  sufficiently  high  $,  form  a 
connected  network.  These  time-dependent  correlations  result  in  a 
surprising  viscoelastic  behavior  in  this  relatively  simple  fluid.  We 
account  tor  the  ^-dependence  of  the  viscoelastic  properties  by  means 
of  a  static  effective  medium  approximation  for  an  elastic  composite. 
We  account  for  the  frequency  dependence  of  the  viscoelastic  proper¬ 
ties  through  the  parameters  describing  the  micelle  phase.  The  vari¬ 
ation  of  these  parameters  also  reflects  the  frequency  dependence  of 
the  correlations  between  the  micelles.  At  high  frequencies,  the 
micelle  phase  exhibits  a  solid-like  behavior  which  supports  shear  at 
$>0.2.  This  high-frequency  rigidity  of  the  surfactant  micelle  phase 
exhibits  power-law  scaling  with  $.  We  interpret  this  as  dynamic 
rigidity  percolation. 

V7.10 

PHASE  SEPARATION  IN  A  LIPID/WATER/UREA  MICELLAR  SYSTEM. 
Bruce  L.  Carvalho,  Department  of  Materials  Science  and 
Engineering,  M.I.T. ,  Cambridge,  MA  02139;  Sow-Hsin  Chen, 
Department  of  Nuclear  Engineering,  M.I.T- ,  Cambridge,  MA 
02139;  and  John  S.  Huang,  Exxon  Research  and  Engineering 
Company,  Annandale,  NJ  08801 

It  is  well  known  [1]  that  the  dioctanoylphosphatidylcholine 
(diC8PC)/water  system  exhibits  liquid-liquid  phase 
separation  with  an  upper  consolute  temperature  at  around 
Tc-46  C.  We  have  found  (2)  that  the  consolute  temperature 
can  be  dramatically  lowered  by  the  addition  of  a  small 
amount  of  urea.  The  lowering  of  Tc  is  found  to  be  a  linear 
function  of  the  mole  fraction  of  added  urea.  We  compare 
the  measured  cloud  point  curves  at  various  urea 
concentrations  with  a  recent  thermodynamic  theory  (3],  The 
three  basic  parameters  of  this  theory  are:  Ap,  the  free 
energy  advantage  of  micellar  growth;  C,  an  effective  free 
energy  of  monomer-monomer  interaction;  and  7,  the  ratio  of 
the  effective  monomer  volume  to  the  volume  of  a  water 
molecule.  This  theory  can  be  made  to  fit  the  cloud  point 
curves  with  a  set  of  urea  dependent  parameters.  A#,  C  and 
7.  We  also  use  small  angle  neutron  scattering  to  obtain  Ag 
and  static  light  scattering  techniques  to  extract  A^,  C  and 
7  for  the  system  diC8PC/heavy  water/[ureaj=l  Molar.  These 
two  independent  measurements  serve  as  a  test  of  this  recent 
theory. 

[1]  Tausk,  R.  J.  M. ;  Overbeek,  J.  Th.  G. ,  Biophys.  Chem. , 
2,  53(1974). 

[2]  Carvalho,  B.  L. ;  Briganti,  G. ;  Chen,  S.  H. ,  J.  Phys. 
Cham.,  93,  4282(1989). 

[3]  Blankschtein,  D. ;  Thurston,  G.  M. ;  Benedek,  G.  B., 
Phys.  Rev.  Lett.,  54,  955(1985). 
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V7.ll 

THE  STRUCTURE  OF  THE  BORDER  LAYER  BETWEEN  GEL  AND  WATER. 
Zenon  Bochynski,  Non-Crystalline  Materials  Division, 
Institute  of  Physics,  Adam  Mickiewicz  University,  60-780 
Pozr.an  2,  Grunwaldzka  6,  Poland. 

A  system  of  silica  gel -water  of  different  degree  of 
filling  the  gel  structure  with  water  molecules  was 
studied.  A  newly  elaborated  method  of  X-ray  diffraction 
analysis  was  applied.  This  method  is  based  on  stage 
approximation  of  the  following  structures,  by 
differentiation  of  the  radial  distribution  functions: 

-  the  structure  of  pure  silica  gels  type  Si02 -R2O3 , 

-  the  structure  of  hydrated  silica  gels  type 
Si02-xH20-R203, 

-  the  structure  of  the  border  layer  between  water  and 
silica  gel  type  $i02-H20-R203,  and 

-  the  structure  of  pure  water  H2O-R2O3. 

The  changes  in  structural  parameters  of  gels  dependent  on 
the  refinement  of  the  gels  grains  and  the  degree  of 

thermal  ageing  were  determined.  In  the  next  step,  the 

structure  and  character  of  the  border  sorption  layer 

formed  in  the  process  of  surface  filling  with  water  was 

investigated.  The  structure  of  the  border  layer  in  the 
process  of  formation  of  subsequent  water  absorption  layers 
was  analyzed  by  the  way  of  stage  saturation.  Structural 
parameters  of  the  layers  of  water  absorbed  in  the  gels  as 
well  as  of  the  locally  ordered/unbound/complexes  of  pure 
water,  were  determined.  The  obtained  structural 
parameters  enabled  us  to  construct  structural  models  of 
silica  gels  and  the  border  layer  between  gel  and  water. 

V8.1 

INTERACTION  BETWEEN  GRAFTED  POLYMERIC  BRUSHES. 
Gary  S  Grest  and  Michael  Murat,  Exxon  Research  and  Engineering 
Company,  Annandale,  NJ  08801. 

Equilibrium  properties  of  end-grafted  polymers  constrained  be¬ 
tween  parallel  plates  as  well  as  the  force  between  such  plates  are 
studied  using  molecular  dynamics  simulations.  Polymers  consisting 
of  10  to  150  monomers  are  grafted  randomly  at  an  average  surface 
coverage  of  p„  onto  one  of  the  two  parallel  plates  immersed  in  a  good 
solvent.  p„  is  taken  to  be  large  enough  to  induce  overlap  and  conse¬ 
quent  stretching  of  the  chains.  For  infinite  separation  of  the  plates 
and  intermediate  values  of  pa,  we  find  a  monomer  density  profile  in 
reasonable  agreement  with  the  parabolic  form  predicted  by  the  self 
consistent  field  theory  of  Milner  et  al  *.  We  also  find  that  the  density 
of  the  free  ends  is  non-zero  everywhere  within  the  brush,  in  agreement 
with  that  theory.  For  separations  smaller  than  the  contact  separation, 
we  monitor  these  properties  as  well  as  the  interpenetration  of  the 
brushes  and  the  force  between  the  plates.  We  find  that  the  amount 
of  interpenetration  can  be  described  by  a  simple  scaling  function  for 
different  values  of  N  and  p0.  The  force  us.  separation  curves  agree 
well  with  the  experimental  results  of  Taunton  et  al  3  and  with  the 
predictions  of  both  the  scaling9  and  self  consistent  field1  theories. 

1.  S.  T.  Milner,  T.  A.  Witten  and  M.  E.  Cates,  Macromoltcult*  21, 
2610  (1988). 

2.  H.  J.  Taunton,  C.  Toprakcioglu  and  J.  Klein,  Maeromoluulet  21, 
3336  (1988). 

3.  P.-G.  de  Gennes,  C.  R.  Acad,  Set.  Pari*  300,  839,  (1985). 

V8.2 

EFFECT  Oc  MOLECULAR  WEIGHT  ON  THE  HIGH  FREQUENCY 
BULK  MODULUS,  OF  WELL  CHARACTERIZED 
POLY(DIMETHYLSILOXANE)  POLYMERS.  A.  Shcfcr**. 

}  .R.  Emery*,  D.  Durand*,  M.  GoHlieb**,  and  G.  Gorodetsky**, 
*Usiversile  du  Maine,  Le  Mans,  France,  and 
**Ben-Garion  University,  Beer-SHevs,  84105,  Israel 

Comparison  of  the  high  frequency  bulk  modulus  of  five  well 
characterized  linear  poly(dimethylsiloxane)  (PDMS)  polymers  indicates 
that  the  bulk  modulus  is  strongly  affected  by  intermolecular  spacing 
which  is  a  consequence  of  polymer-polymer  interaction.  The  objective  of 


this  study  was  to  shed  some  light  on  the  bulk  modulus- structure  relation 
in  polymers  of  which  very  little  is  known. 

The  bulk  modulus  was  evaluated  from  ultrasonic  wave  velocity 
measurements  (at  8MHz  using  the  conventional  pulse  method(l)), 
density  measurements,  and  published  data  on  the  PDMS  shear  modulus 
values  at  this  frequency  (2). 

The  bulk  modulus  was  observed  to  go  through  a  maximum  at  the  critical 
molecular  weight  for  chain  entanglements,  and  then  decrease  as  the 
molecular  weight  is  further  increased.  Density  was  also  observed  to 
exhibit  the  same  behaviour  as  a  function  of  molecular  weight.  It  is 
suggested  that  because  of  the  high  tangled  nature  of  the  polymer  structure, 
beyond  the  critical  molecular  weight  for  entangelements,  close  packing  is 
impossible.  At  higher  molecular  weights  because  of  imperfect  chain 
packing,  molecular  forces,  which  fall  of  rapidly  with  increasing  molecular 
separation  are  accout  for  the  observed  phenomenon.  The  magnitude  of 
polymer  packing  structure  with  respect  to  its  molecular  weight  can  be 
estimated  from  the  known  values  of  specific  volume  or  density  (3). 

1.  Mason  W.  P.,  Physical  Acoustics-  Principles  and  methods, 

Vol  1-Part  A,  (Acdemic  Press,  N.Y.  1964) 

2.  Barlow  A.  J.,  Harrison  G.,  and  Lamb  J., 

Poc.  Roy.  Soc.  Ser.,  A,  282  (1964) 

3.  Broadhurst  M.  G.,  and  Mopsik  F.  L, 

J.  Chem.  Phys.,  52,  3634  (1970) 

V8. 3 

SURFACE  MODES  ON  CONCENTRATED  POLYMER  SOLUTIONS  AND  GELS. 
James  L.  Harden  and  Philip  A.  Pincus,  ’Materials 
Department,  College  of  Engineering,  University  of 
California,  Santa  Barbara,  CA;  and  Harald  Plelner,  FB 
Physlk,  Unlversitat  Essen,  D4300,  Essen  1,  F.R.G. 

We  present  a  coupled  two-fluid  model  for  surface  modes  on 
concentrated  polymer  solutions  and  swollen  gels.  This 
model  Is  used  to  derive  a  surface  mode  dispersion  relation 
and  surface  amplitude  autocorrelation  function  In  the 
limit  of  strong  coupling.  He  discuss  the  effect  of  chain 
diffusion  and  surface  tension  on  the  nature  of  these 
modes. 

V8.4 

MECHANICAL  PROPERTIES  OF  CR0SSL1NKED  SEMIDILUTE  POLYMER 
SOLUTIONS  NEAR  AND  FAR  FROM  THE  GELATION  THRESHOLD. 

C.  Allain.  Lab.  FAST,  Hat.  502,  Campus  Universitaire 
91405  Orsay  Cedex  FRANCE;  L.  limat,  Lab.  Physico-chimie 
ThAorique,  ESPCI  10  rue  Vauquelin  75231  Paris  Cedex 
FRANCE;  and  L.  SnlomA,  CRPP,  Chateau  Brivazac  33600 
Pessac  FRANCE 

When  a  polymer  solution  is  nixed  with  a  crosslinker 
solution,  various  phases  are  formed  depending  on  the 
respective  concentrations  of  the  polyaer  and  of  the 
crosslinker  :  sols,  gels,  precipitates  or  inhomogeneous 
gels.  He  have  investigated  the  rheological  properties  of 
the  sols  and  gels  formed  at  a  constant  concentration  in 
polyaer  (Hydrolysed  Polyacrylamide)  for  various 
concentration  in  crosslinker  (Chroaiua  III).  Using  a 
magnetic  levitation  sphere  rheometer,  we  have  measured 
the  variations  of  the  steady  state  zero  shear  viscosity 
and  of  the  steady  state  linear  elastic  modulus.  A 
detailed  spectroscopic  study1  has  allowed  us  to  determine 
the  number  of  crosslinks  formed  in  the  same  range  of 
polymer  and  crosslinker  concentrations. 

In  the  vicinity  of  the  gelation  threshold,  the  divergence 
of  the  viscosity  and  the  increase  from  zero  of  the 
elastic  modulus  have  been  interpreted  in  terms  of 
critical  behaviour.  The  values  of  the  exponents  have  been 
found  in  good  agreement  with  the  predictions  of  the 
scalar  percolation  model* .  The  prefactors  end  the  width 
of  the  critical  region  have  been  interpreted  in  relation 
with  the  gelation  of  semidilute  polymer  solutions. 

Finally,  the  variation  of  the  viscosity  in  the  limit  of 
the  very  low  crosslink  concentrations  has  been  related  to 
the  concentration  in  crosslinks  at  the  critical  point. 

1  C.  Allain  and  L.  SalomA,  in  "Biological  and  Synthetic 
Polymer  Networks",  Elsevier  Applied  Science  ;  Amsterdam 

*  C.  Allain  and  L.  SalomA,  Macromol . ,  20,  2957  (1987) 

V8.5 

"AGGREGATION  IN  BLOCK  COPOLYMER  SOLUTIONS.  M.  Olvera  de 
la  Cruz,  Department  of  Materials  Science  and  Engineering, 
Northwestern  University,  Evanston,  IL.  60208. 
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The  ability  to  produce  block  copolymers  has  led  to  new 
materials  with  unique  properties.  The  chemical  connecti¬ 
vity  of  incompatible  blocks  forces  segregation  to  occur 
at  distances  of  the  order  of  the  block  sizes.  In  block 
copolymer  melts,  the  segregated  domains  form  periodic 
ordered  structures  termed  microphases.  Most  block  co¬ 
polymers  are  strongly  incompatible..  In  such  cases,  in 
order  to  ensure  equilibrium  microphase  separated  samples, 
the  microphases  are  prepared  from  solution.  Microphase 
separation  in  semidilute  solutions  of  block  copolymers 
in  nonselective  good  solvents  is  analyzed.  The  solvent 
effects  on  the  thermodynamics  in  the  weak  segregation 
limit  are  discussed.  The  transitions  between  microphase 
morphologies  as  a  function  of  block  copolymer  concentra¬ 
tion  are  studied.  The  analysis  is  extended  to  describe 
local  aggregation  in  randomly  cross  linked  A  and  8  chains 
in  non-selective  good  solvent. 

V8.6 

MICELLIZATION  OF  TRIBLOCK  COPOLYMERS  WITH  POORLY 
SOLVATED  END  BLOCKS  N.P.  Balsata.  M.  Tirrell,  T.P.  Lodge, 
University  of  Minnesota,  Minneapolis,  MN 

The  present  work  is  aimed  at  exploring  the  possibility  of  micellization  of 
ABA  triblock  copolymers  in  solvents  that  preferentially  dissolve  the  middle 
block.  Spherical  micelles  in  these  systems  would  consist  of  a  core 
containing  A  blocks,  surrounded  by  loops  of  B  blocks.  The  existance  of 
this  microstructure  has  not  yet  been  proved.  In  fact,  the  absence  of  micelles 
in  these  systems  has  been  reported  by  a  number  of  workers.  Dynamic  light 
scattering  measurements  on  solutions  of  polyvinylpyridine-polystyrene- 
polyvinylpyridine  in  toluene  indicate  that  these  systems  can  form  micelles. 

It  is  found  that  the  length  of  the  middle  block  (polystyrene)  has  a  large 
influence  of  the  micellization  characteristics. 

V8.7 

X-RAY  REFLECTION  AND  SCATTERING  STUDIES  OF  THE  WATER- 
VAPOR  INTERFACE.  D.K.  Schwartz.  M.L.  Schlossman,  E.  Kawamoto, 
G.  Kellogg,  P.S.  Pershan  (Department  of  Physics  and  Division  of  Applied 
Sciences,  Harvard  University,  Cambridge,  MA  02138),  and  B.  M.  Ocko, 
(Department  of  Physics,  Brookhaven  National  Laboratory,  Upton,  NY 
11973) 

To  test  predictions  relating  the  RMS  width  of  the  water-vapor  interface  to 
thermally-excited  capillary  waves,1  we  have  measured  both  the  x-ray 
reflectivity  from  the  water  surface  and  diffuse  scattering  away  from  the 
specular  reflection.  Surface  tension  y  and  water  cleanliness  were  measured 
in  situ  on  a  Langmuir  trough  in  a  vapor-controlled  environment.  The 
prediction  for  the  RMS  surface  roughness  is  o2»  (kBT/27ry)ln(qm„/Aq), 
where  qm„  is  an  upper  cutoff  of  the  order  of  n/(molecular  radius)  and  Aq  is 
determined  by  the  spectrometer  resolution.  We  measured  this  roughness  by 
means  of  specular  reflectivity  at  three  values  of  Aq  and  obtained  excellent 
agreement  with  theory  with  the  single  free  parameter  it/qmax  =  1-45  A.  By 
comparison,  the  radius  of  the  water  molecule  is  1,93  A.  We  measured  the 
scattering  at  wave-vectors  corresponding  to  these  capillary  waves  and 
obtained  line  shapes  in  excellent  agreement  with  theory  with  no  free 
parameters. 


,A.  Braslau,  P.  S.  Pershan,  G.  Swislow,  B.  M.  Ocko,  J.  Als-Nielsen, 
Phys.  Rev.  A,  Vol.  38.  p.  38,  1988. 

Work  supported  by  the  National  Science  Foundation  under  grams  NSF- 
DMR-88-12855  and  NSF-DMR-86-14003. 

V8.8 

x-ray  studies  of  cytochrome  c  monolayers  bound  to 
LANGMUIR-BLODCETT  FILMS  AND  SELF-ASSEMBLED  MONOLAYERS. 
J.M.  Pachence,  S,  Amador,  and  J.K.  Blaaie,  Chemistry  Department, 
231  South  34th  Street,  Unirertity  of  Pennsylvania,  Philadelphia,  PA 
19104. 


We  have  recently  developed  methods  for  deriving  the  profile 
structure  of  Langmuir-Blodgett  (LB)  lipid  films  having  one  to  five 
bilayers  from  x-ray  diffraction  data.  For  example,  we  have  employed 
these  techniques  to  determine  the  location  of  a  monolayer  of  cy¬ 
tochrome  e,  an  important  electron  transfer  protein,  either  electro¬ 
statically  or  covalently  bound  to  the  surface  of  various  LB  lipid  film. 
via  nonresonance  x-ray  diffraction.  Furthermore,  the  location  of  the 
heme-Fe  atoms  within  the  electron  density  profile  of  the  cytochrome 
c/LB  lipid  film  was  indicated  to  ±3A  accuracy  using  resonance  x-ray 
diffraction.  To  further  characterise  this  system,  optical  linear  dichro- 
ism  was  used  to  determine  the  orientation  of  the  cytochrome  c  heme 
group  relative  to  the  plane  of  the  surface. 

Cytochrome  c  molecules  have  also  been  bound  covalently  to  8elf- 
assembled  monolayers  of  trichlorosilylundecyl  thiol.  We  have  under- 

x'Tay  scattering  and  electron  transfer  kinetics  experiments  on 
these  cytochrome  e  monolayers  and  on  the  complexes  they  form  with 
associated  electron  transfer  proteins.  X-ray  interferometry  techniques 
using  monolayers  of  these  proton  complexes  bound  to  the  surfaces  of 
synthetic  inorganic  multilayer  substrates  are  under  investigation  as  a 
means  of  directly  determining  the  structure  of  the  protein  complexes. 

V8.9 

DOMAIN  SHAPE  INSTABILITIES  IN  A  TWO-DLMENSIONAL 
BINARY  FLUID  MIXTURE:  EP1FLUORESCENCE 

MICROSCOPY  AND  DIGITAL  IMAGE  ANALYSIS.  M.  Seul  and 
M.  J.  Sammon,  AT&T  Bell  Laboratories,  600  Mountain  Ave., 
Murray  Hill,  NJ  07094. 

A  series  of  domain  shape  instabilities  iD  a  binary  fluid  mixture  of 
surfactants  confined  to  an  air-water  interface  has  been 
investigated  by  means  of  epifluorescence  microscopy.  The 
formation  of  domains  of  finite  extent  in  this  surfactant  monolayer 
is  the  result  of  a  competition  of  short-range  attractive  (vdW)  and 
long-range  repulsive  (dipole-dipole)  interactions  which  leads  to  the 
appearance  of  modulated  phases  in  a  variety  of  condensed  matter 
systems.  Digital  image  processing  techniques  have  been  employed 
to  perform  a  spectral  analysis  of  domain  wall  configurations, 
revealing  characteristic  signatures  of  the  shape  instabilities  and 
permitting  the  study  of  shape  fluctuations.  The  nature  of  the 
instabilities  is  discussed  in  light  of  current  theoretical  models. 

V8.10 

X-RAY  REFLECTIVITY  OF  A  LONG  CHAIN  FATTY  ACID 
MONOLAYER  AT  THE  WATER/VAPOR  INTERFACE.  M.JL 
Schlossman.  D.K.  Schwartz,  E.  Kawamoto,  G.  Kellogg,  P.S.  Pershan 
(Department  of  Physics  and  Division  of  Applied  Sciences,  Harvard 
University,  Cambridge,  MA  02138). 

X-ray  reflectivity  of  Lignoceric  acid  (CH3(CH2>22COzH)  at  the  vapor/water 
(pH  =  2  using  HC1)  interface  was  measured  at  room  temperature  from  the 
critical  angle  to  Q*  =  0.6  A'1  (where  Qz  is  the  transferred  momentum 
normal  to  the  interface).  A  measurement  of  surface  pressure  vs. 
area/molecule  (from  17  to  30  A2/moiecule)  exhibits  one  flat  region  in  the 
isotherm.  The  reflectivity,  which  is  related  to  the  derivative  of  the  electron 
density  normal  to  the  interface,  was  measured  throughout  the  isotherm. 
Preliminary  analysis  allows  a  determination  of  the  electron  density  in  the 
tail-region,  the  overall  thickness  of  the  monolayer,  and  the  electron  density 
in  the  head  group.  Changes  in  the  electron  density  in  the  head  group  as  a 
function  of  pressure  were  observed.  The  overall  thickness  of  the  monolayer 
increases  with  increasing  pressure.  Perhaps  the  most  striking  observation  is 
that,  for  the  highest  pressures,  the  head  group  region  gets  thicker,  indicating 
that  the  head  groups  rearrange  normal  to  the  interface. 
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Work  supported  by  the  National  Science  Foundation  under  grants  NSF- 
DMR-88-12855  and  NSF-DMR-86- 14003. 

V8.ll 

STUDY  OF  FATTY  ACID  MONOLAYERS  DEPENDENCE  ON 
CATIONIC  INTERACTIONS  BY  ELLI PSOMETRY  Mahn  Won 
Kim .  Exxon  Research  and  Engineering  Company 
Rt.22  East  Annandale,  NJ  08801,  and  Bryan  B. 

Sauer,  Hyuk  Yu,  Mehran  Yazdanian  and  George 
Zografi,  Dept,  of  Chemistry  and  School  of 
Pharmacy,  Univ.  of  Wisconsin,  Madison,  WI  53706 


Fatty  acids  monolayers  with  chain  lengths  of 
15,  16,  18,  and  22  carbons  were  studied  on  aqueous 
substrates  containing  hydrochloric  acid,  cadmium 
chloride,  and  lead  chloride  using  a  phase 
modulated  ellipsometry  instrument.  The  change  in 
ellipsometric  phase  angle  Sa  was  found  to  be 
linearly  dependent  on  chain  length  with  the  same 
coefficient  for  all  three  cations  whereas  the 
magnitude  of  in  was  shown  to  be  different.  The 
proportionality  constant  with  respect  to  chain 
length  was  modeled  in  terms  of  the  refractive 
index  contributions  of  the  hydrocarbon  tails, 
giving  thicknesses  in  agreement  with  those 
obtained  by  other  techniques.  The  magnitudes  of 
S&  were  analyzed  in  terms  of  film  refractive  index 
anisotropy,  whereby  our  results  were  shown  to  be 
consistent  with  anisotropic  refractive  indices 
obtained  by  other  methods.  They  were  also 
examined  relative  to  pH  values  and  cation 
concentration,  and  the  results  are  discussed  in 
terms  of  a  refractive  index  increase  due  to  the 
interaction  of  carboxylates  with  divalent  cations. 

V8.12 

ELECTROHYDRODYNAMIC  FLOW  DYNAMICS  IN  THICK  LIQUID 
CRYSTAL  CELLS.  David  H  Van  Winkle*  and  Jit 
Gurungt,  Department  of  Physics,  Florida  State 
University,  Tallahassee  FL  32312,  and  Rand 
Biggers,  Naval  Coastal  Systems  Center,  Panama  City 
FL  32407 

High  voltage,  low  frequency  AC  electric  fields  are 
used  to  induce  hydrodynamic  flow  in  1.3  cm  diaa. 

X  .63  cm  thick  cylindrical  cells,  of 
methoxy-benzilidene-n-butylanaline  ( mbba ) .  MB BA 
has  a  negative  dielectric  anisotropy  and  a 
positive  conductivity  anisotropy.  In  thin  liquid 
crystal  cells,  the  effects  of  an  AC  electric  field 
on  the  sample  are  reasonably  well  understood. 

Below  a  critical  frequency,  flow  cells  which  are 
williams  domains,  fora  above  a  critical  voltage. 
Above  that  frequency,  molecular  reorientation 
without  flow  develops  above  a  critical  electric 
field.  When  flow  cells  are  established  the 
thermal  transfer  rate  of  the  samples  is  enhanced. 
This  enhancement  has  been  studied  for  driving 
frequencies  ranging  from  20  to  720  Hz,  with 
maximum  enhancement  observed  at  130  Hz.  Both  the 
threshold  voltage  for  onset  of  flow  and  the  flow 
patterns  as  a  function  of  voltage  and  frequency 
have  been  studied  using  image  processing 
techniques.  Results  correlating  the  optical 
observations  with  the  previously  measured 
effective  thermal  conductivity  enhancement  will  be 
presented. 

*  Supported  by  an  ASEE-ONR  Summer  Faculty  Research 
Fellowship  and  the  Center  for  Materials  Research 
and  Technology  at  Florida  State  University. 

*  Supported  by  an  NSF  Undergraduate  Summer 
Research  Fellowship,  permanent  address  Davidson 
College,  Davidson,  NC  28036. 


V8.13 

Radial  Creeping  Flow  Between  Parallel  Disks  of  Rod-Like  Nematic  Liquid 
Crystals:  Textures  and  Instabilities.  Alejandro  D.  Rev.  Department  of 
Chemical  Engineering,  McGill  University,  Montreal,  Quebec,  Canada 
H3A  2A7. 

Three  similarity  solutions  of  the  Leslie-Ericksen  equations  for  low  molar 
mass  rod-like  nematics  are  obtained  for  pressure-driven  radial  out-flow 
between  concentric  parallel  disks.  There  are  two  competing  hydrodynamic 
effects:  extensional  flow  (  strongest  at  the  centerline)  and  shear  ( strongest 
near  the  bounding  surfaces).  At  low  pressure  drops  the  in-plane  orientation 
is  stable  and  the  centerline  orientation  is  in  the  direction  of  flow.  The 
relaxation  of  this  mode  after  cessation  of  flow  is  of  the  order  of  seconds. 
As  the  pressure  drop  is  increased  an  orientation  instability  sets  in.  The 
elongational  torques  twist  the  material  out  of  the  flow  plane;  rigth  anf  left 
rotations  are  possible.  The  mechanism  is  analogous  to  the  magnetic 
Freedericksz  transition  with  the  character  of  a  second  order  phase  transition. 
Since  the  elongational  torques  weaken  as  distances  from  the  axis  of  the 
disks  increase  there  is  a  critical  radius  at  which  in-plane  and  out-of-plane 
orientational  modes  met.  The  relaxation  after  cessation  of  flow  is  of  the 
order  of  minutes  for  the  out-of-plane  modes.  There  is  a  second  critical 
pressure  drop  at  which  the  orientation  returns  back  to  the  flow  plane.  This 
transition  is  analogous  to  the  cholesteric-nematic  transition  in  the  presence 
of  a  magnetic  field.  The  new  mode  is  oriented  in  the  direction  of  flow  at  the 
centerline.  The  relaxation  after  cessation  of  flow  is  effected  by  the 
nucleation  of  disclination  line  defects.  The  time  scale  is  of  the  order  of  half- 
hour.  The  relaxation  is  analogous  to  nucleation  and  growth  in  a  first  order 
phase  transition. 

V9.1 

DYNAMICS  OF  MIXTURES  OF  INTERACTING  COLLOIDS  US¬ 
ING  DIFFUSING  WAVE  SPECTROSCOPY  Xia  QiuIJ,-  H.  D. 
Ou-Yang3,  D.  A.  Weitz’,  D.  J.  Pine4  and  P.  M.  Chaikin J'5,  ’University 
of  Pennsylvania,  ’Exxon  Research  and  Engineering  Co.,  3Lehigh  Un- 
vieraity,  4Haverford  College,  ‘Princeton  Unviersity 

In  the  Btrong  multiple  scattering  regime,  the  photon  intensity  auto¬ 
correlation  function  depends  on  an  average  of  the  dephasing  caused 
by  the  motion  of  the  component  species.  We  report  on  how  data 
for  mixtures  of  colloidal  particles  can  be  deconvoluted  to  obtain  the 
dephasing  from  one  of  the  species  (and  therefore  the  mean  square 
displacement  as  a  function  of  time  for  this  species)  when  the  motion 
of  the  other  species  and  the  mean  free  paths  are  known.  The  sys¬ 
tem  under  consideration  consists  of  a  few  large  spheres  suspended  in 
a  sea  of  much  smaller  spheres  which  are  either  Brownian  or  strongly 
interacting  and  crystalline  or  glass  like. 

V9.2 

GRAVITY  EFFECT  ON  NEARLY  CONCENTRATED  GEL  PHASES. 

C.  Allain.  Lab.  FAST.  Bat.  502,  Campus  Dniversitaire 
9TOJ5  (Jrsay  Cedex  FRANCE;  and  C.  Amiel,  Lab. 
Physico-chimie  des  Biopolymeres,  CNRS  2-8  rue  H.  Durant 
94320  Thiais  FRANCE. 

The  nature  o£  the  phases  formed  by  copolymerisetion  of 
bi-  and  quadri-  functional  monomers  depends  on  the 
different  concentrations  in  monomers.  If  one  or  the  other 
of  these  is  low,  the  macromolecules  at  the  end  of  the 

chemical  reaction  have  a  finite  size  and  a  sol, with  a 

viscous  behaviour  is  formed.  On  the  other  hand,  if  the 
two  concentrations  are  large  enough,  an  infinite  network 
extends  through  the  medium  and  a  eel  exhibiting  an 
elastic  behaviour  is  formed.  In  disagreement  with  this 
simple  scheme,  we  have  observed  that  between  the  two 
domains  where  sols  and  gels  are  formed,  there  exist  a 
tange  of  concentration  in  which  the  samples  exhibit  a 

phase  segregation  with  a  viscous  zone  laying  above  an 

elastic  one.  In  ordet  to  elucidate  the  origin  of  this 
phenomenon,  we  have  performed  a  rheological  study  as  a 
function  of  the  total  monomer  concentration,  keeping 
constant  the  ratio  of  the  concentrations  in  quadri-  and 
bi-functional  monomers. 

In  the  intermediate  range,  we  have  observed  that  the 
rheological  properties  do  not  reach  an  equilibrium  value 
even  when  the  time  elapsed  from  the  sample  preparation 
largely  exceeds  the  achievement  of  the  chemical  reaction. 

In  the  tange  without  segregation,  the  variations  of  the 
viscosity  and  of  the  elastic  modulus  measured  at  the  end 
of  the  chemical  reaction  versus  the  total  monomer 
concentration,  c,  have  been  interprotated  in  terms  of 
scaling  behaviour  and  fitted  with  lc-Cci, power  laws.  The 
determination  of  the  critical  concentration  ce  performed 
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mdapendantly  on  the  viscous  points  and  on  the  elastic 
oints  has  lead  to  a  single  value  o f  Cc  equal  to  the 
over  bond  of  the  intermediate  range  of  concentrations, 
shoving  that  the  phases  with  segregation  are  gel  phases. 

Moreover,  an  estimate  of  the  sedimentation  kinetics  and  a 
calculation  of  the  deformation  of  the  polymer  network 
under  its  own  weight,  which  is  governed  by  the  osmotic 
longitudinal  modulus,  allows  us  to  conclude  that  the 
gravity  is  at  the  origin  of  the  segregation  observed  in 
weakly  concentrated  gel  phases  near  the  gelation  critical 
point . 


V9.3 

A  COMPUTER  MODEL  FOR  THE  AVERAGE  "CLUSTER"  SIZE 
IN  POLYMER  AGGREGATES.  A.  C.  Balazs.  3.  Y.  Hu,  S. 
Lewandowski,  A.  P.  Lentvorski  and  C.  Lantman*,  Materials 
Science  and  Engineering  Department,  University  of  Pittsburgh, 
Pittsburgh,  PA  15261,  *Mobay  Corp.,  Pittsburgh,  PA  15205- 
9741 


In  previous  work  we  have  reported  the  effect  of  OH-group 
on  the  attenuation  of  silica  optical  fiber  preforms.  In 
this  paper  we  report  the  effect  of  pH  and  temperature  on 
the  rate  of  hydrolysis  and  condensation  reactions.  Sili¬ 
cate  prepared  from  hydrolysis  of  tetramethoxysilane  in 
methanol-water  mixture,  using  et-picoline  as  a  DCCA.  Ty¬ 
pical  values  of  pH  started  slighty  above  7  and  drop  to 
the  range  of  4  as  the  hydrolytic  polymerisation  proceeds. 
Several  instrumental  limitations  are  posed  to  the  use  of 
typlical  methods  of  pH  measurements. 

As  expected  the  pore  size  distribution  for  silica  gels  is 
highly  dependent  on  the  gelation  temperature  and  aging. 

V9.6 

SIMPLE  THEORY  FOR  PERSISTENT-FLEXIBLE  LIQUID  CRYSTAL 
POLYMERS  BEYOND  THE  SECOND  V1R1AL  APPROXIMATION . 1 
Reinhard  Hentschke.  Department  of  Chemistry,  Brandeis 
University,  Valtham,  Massachusetts  02254-9110. 


We  have  developed  a  computer  simulation,  in  three- 
dimensions,  for  the  reversible  diffusion-limited  aggregation  of 
triblock  amphiphilic  polymers.  In  this  model,  both  ends  of  the 
chain  represent  the  terminal  hydrophobic  groups,  while  the 
backbone  of  the  chain  is  hydrophilic.  In  aqueous  solutions, 
such  chains  self-assemble  to  form  extensive  aggregates. 
Within  these  aggregates,  the  hydrophobic  segments  are 
grouped  together  in  "clusters".  Through  these  simulations,  we 
examine  how  the  average  cluster  size  varies  as  the  number  of 
chains  in  the  aggregate  increases  and  as  the  lifetime  of  the 
association  between  these  hydrophobes  is  varied.  Since  values 
for  the  average  cluster  size  have,  at  present,  not  been 
attainable  through  laboratory  experiments,  these  computer 
experiments  play  an  important  role  as  a  predictive  tool. 

V9.4 


Khokholov  and  Semenov9  have  proposed  a  theory  for  long 
persistent  chains  that  quite  accurately  describes  the  liquid 
crystalline  behavior  of  dilute  solutions  of  long  homogeneous 
bend-elastic  macromolecules.  In  this  work,  the  KS  approach 
is  extended  by  replacing  their  second  virial  description  of 
excluded  volume  effects  by  Lee’s  generalization  of  the 
Camahan-Starling  equation.*  This  yields  results  for  the 
order  parameter  and  the  equation  of  state  for 
persistent-flexible  polymers  which  are  valid  over  a  wide 
range  of  polymer  concentrations.  Comparisons  with 
experimental  data  yield  excellent  agreement  for  large 
polymer  axial  ratios ,  where  rigid  particle  theories  deviate 
strongly  from  the  experimental  results. 

1.  Supported  by  NIH  grant  HL- 36546  and  a  fellowship 
to  RH  from  the  Deutsche  Forschungsgemelnschaft. 


PGSE-NMR  t  SANS  FROM  TPB  BASED  MICROEMULSIONS 
M.  LindemuttL.  Department  of  Chemistry,  University  of 
Missouri -Roll*.  Rolla.  MO;  Boualem  Hammouda  Research 
Reac.or  Facility,  University  of  Missouri,  Columbia,  MO- 
Joseph  R.  Duke,  Department  of  Chemistry,  UMR;  Frank  d’ 
Blum  Department  of  Chemistry,  UMR;  Raymond  L.  Venable' 
Department  of  Chemistry,  UMR. 

Small  «"9le  neutr0n  scattering  (SANS)  and  pulsed-gradient 
spin-echo  (PGSE)  NMR  are  used  to  investigate  the  inverse 
m, croemuls.cn  region  of  the  phase  diagram  of  the 
tetradecylpy  ridmium  bromide  (TPB)  -  85"„  heptane/15»! 

pentanol  -  water  system.  Observations  of  the  self-diffusion 
coef. icients  for  water  via  PGSE-NMR  show  several  distinct 
transitions  Within  the  water-in-oil  (w/o)  region,  one  of 
which  involves  the  ordering  of  compact  closed  structures 
into  a  percolating  network  prior  to  the  onset  of 
bicontmuous  morphology.  Conductivity  measurements  were 
used  to  corroborate  judgements  based  on  the  NMR  data  A 
smaller  isotropic  region  proximate  to  the  lamellar  liquid 
crystalline  region  exhibits  a  complete  inversion  of  phase 
relative  to  the  w/o  region. 


2.  A.  R.  Khokholov  and  A.  N.  Semenov,  Physlca  108A,  546 
(1981);  112A,  605  (1982). 

3.  S.  Lee,  J.  Chem.  Phys.  87,  4972  (1987). 

V9.7 

THE  EFFECT  OF  PRESSURE  ON  THE  CRITICAL  TEMPERATURE  OF  FOUR- 
COMPONENT  MICROEMULSIONS.  J.  Goyette  and  T.K.  Bose,  Univer¬ 
sity  du  Qu§bec  a  Trois-RiviJres ,  Tro is- Rivieres,  Canada, 

G9A  5H7;  J.  Thoen,  Katholieke  Universiteit  Leuven,  3030 
Leuven,  Belgium;  J.R.  Lalanne,  Centre  de  Recherche  Paul 
Pascal,  33405  Talence,  France. 

Four-component  microemulsions  composed  of  n-decane,  water, 
n-pentanol  and  sodium  dodecyl sulfate  (SDS)  with  critical 
points  on  a  line,  show  large  deviations  from  Ising  behavior 
near  a  critical  end  point  (CEP)  on  the  critical  line  (1). 
Refractive  index  anomalies  recently  reported  (2)  for  these 
microemulsions  are  also  not  Ising-like  and  could  not  be 
characterized  in  a  satisfactory  way  in  terms  of  power-law 
expressions. 


SANS  measurements  have  been  performed 
microemulsions  containing  DjO.  A  simple 
spherical  aggregates  interacting  with  a 
potential  has  been  used  to  extract  aggregate 
Stern  layer)  sizes  and  packing  fractions.  A 
from  the  isolated  aggregate  scattering 
interaggregate  dominated  scattering  reg 
observed  as  the  heavy  water  concentrations 
from  approximately  5  to  25%  by  weight. 
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SOL-GEL  SILICATE  FORMATION  -  pH  AND  TEMPERATURE  DEPENDENCE. 
Anselmo  M. Elias.  Maria  E.  Elias  and  Maria  M.  Nunes,  Chemis¬ 
try  Department,  Lisbon  University,  Campo  Grande,  Cl  -  5«, 
1700  Lisboa,  Portugal. 

The  optical  and  physical  properties  of  produced  gels  and 
finished  preforms  are  strongly  dependent  on  sol-gel  pro¬ 
cessing  conditions. 


In  this  paper  we  present  data  for  the  pressure  dependence 
of  the  critical  temperature  (dTc/dP)  for  several  of  these 
microemulsions.  For  all  the  microemulsions  investigated 
so  far,  negative  dTc/dP  values,  substantially  decreasing 
near  the  CEP,  are  obtained. 

From  the  negative  sign  of  dTc/dP  it  can  be  concluded  that 
if  there  is  any  critical  contribution  of  a  density  anomaly 
to  the  refractive  index  n,  it  must  be  opposite  to  the  anom¬ 
aly  for  n  recently  reported  by  Rebbouh  and  Lalanne  (2).  On 
the  basis  of  two-scale-factor  universality,  combining  dTc/dP 
with  correlation-length  critical  amplitudes,  we  also  find 
that  a  density  anomaly  is  very  likely  unobservable  experi¬ 
mentally. 

(1)  A.H.  Bellocq,  P.  Honorat,  U.  Roux,  J.  Phys.  (Paris)  46, 

743  (1985).  ~ 

(2)  N.  Febbouh,  J.R.  Lalanne,  J.  Chem.  Phys.,  90,  1175 
(1989). 
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V9.8 

THE  MECHANICAL  PROPERTIES  OF  THIXOTROPIC  GELS  AND  THEIR 
EFFECT  ON  ATTENUATION  IN  OPTICAL  FIBER  COMMUNICATION 
CABLES.  C.  R.  Taylor,  Bob  J.  Overton.  AT&T  Bell 
Laboratories,  Norcross,  GA. 

A  colloidal  gel  typically  is  a  semi-liquid  substance 
comprising  a  thickening  agent  in  a  liquid  carrier.  All 
types  of  gelling  agents  fora  network  structures  in  which 
the  carrier  is  held  by  capillary  forces.  When  a  low 
stress  Is  applied  to  a  gel  the  material  acts  substantially 
solid-like,  but  if  the  stress  is  above  a  critical  value 
the  material  flows  and  the  viscosity  decreases  rapidly,  a 
behavior  frequently  described  as  thixotropic. 

Colloidal  gels  have  been  used  as  communication  cable 
filling  compounds.  In  optical  fiber  cables  it  is 
essential  that,  in  addition  to  waterblocking,  the  filling 
gel  maintain  the  optical  fibers  in  a  low  stress  state  so 
that  signal  attenuation  is  minimized.  While  the  shear 
modulus  has  been  considered  the  prime  variable  for 
optimizing  performance  of  optical  fiber  cable  filling 
compounds,  we  find  that  a  further  parameter  must  be 
controlled.  This  parameter  is  the  critical  stress  at 
which  the  gel  yields. 

We  develop  a  simple,  experimental  approach  to  evaluate  the 
appropriate  particle  content  for  a  fumed  silica/mineral 
oil  fiber  optic  cable  filling  gel,  a  content  that  provides 
a  low  critical  yield  'stress  while  maintaining  other 
desirable  properties  such  as  low  temperature  mechanical 
characteristics  and  very  low  oil  syneresis.  Further,  we 
establish  the  relationship  between  the  critical  yield 
stress  (and  strain)  of  a  filling  gel  and  the  transmission 
performance  of  the  encapsulated  optical  fibers. 

V9.9 

ELBCTOSTAT1C  AND  SCREENING  EFFECTS  ON  THE  DYNAMIC 
ASPECTS  OF  POLYBLBCTROLYTR  SOLUTIONS: 

"POLY(P-PHBNYLRNB  VINLENB)  PRECURSOR  IN  METHANOL" 

H.  Mattouaai.  K.  H.  Langley,  F.  E.  Karaaz,  Polymer  Science 
Department,  University  of  Massachusetts,  Amherst,  MA 

We  present  a  QELS  study  of  a  synthetic 
polyelectrolyte  compound:  Poly(p-phenylene  vinylene) 
derivative  dissolved  in  methanol.  The  dynamical  aspects 
of  these  solutions  are  found  to  be  strongly  dependent  on 
whether,  or  not,  we  have  added  small  ions.  For  salt-free 
solutions,  we  measured  two  different  diffusion  coefficients, 
Dc  and  Ds,  attributed  respectively  to  cooperative  and 
center  of  mass  motions.  The  small  value  of  the 
hydrodynamical  correlation  length  fH,  deduced  from  DC) 
reflects  the  large  interpenetration  of  polyions  in  aalt-free 
solutions.  The  chains  are,  consequently,  highly  expanded 
even  though  not  rod-like  in  shape.  The  addition  of  even 
a  small  amount  of  sodium  chloride  progressively  modifies 
the  solution’s  behavior.  First  we  measured  only  one 
diffusion  coefficient  when  ct  exceeds  a  certain  threshold. 
The  effective  diffusion  coefficient  measured  for  these 
solutions  depends  both  on  the  ionic  strength  and  the 
polymer  concentration.  The  type  of  variation  of  D,ff 
versus  cp  and  versus  c*,  is  compared  to  previous  work 
achieved  on  either  polyelectrolytes  and  ionomers  materials 
or  on  micelles.  ( 1 2 3 )  The  set  of  data  are  also  quantitatively 
compared  to  theoretical  considerations  as  the  electrostatic 
model.(,>’) 

I.  M.  Won  Kia,  D.  (3.  Peiffer,  J.  Cham.  Phya. ,  83,  4159 
(1985). 

2.  P.  Doherty,  <3.  B.  Benedek,  J.  Cham.  Phya.,  61, 

5426  (1974);  and  ref.  included. 

3.  S.  0.  Lin,  W.  L.  Lee,  J.  M.  Schurr,  Biopol ymerm, 

17,  1041  (1978). 
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ATOMIC  STRUCTURE  Of  ALLOY -PARTICLES  OBTAINED  AS 
COLLOIDAL  SUSPENSIONS.  Gabriela  Diaz ,  R obento 
Herninde z,  Lau.ua  Cabrera  and  Miguel  Josl  Vaca-- 
min,  Instituto  de  fisic a,  U.N.A.H.  Apartado  Po6 
Ta€~  10364 ,  01000,  Mlxico ,  D.F. 

SmaLL  bimetallic  particles  (A u-Pd,  Pt-Rh,  Pt-ir 
and  P-f-Rti)  ,  were  prepared  as  colloidal  sols.  The 
particles  went  analyzed  using  High  r isolation 
Election  Microscopy,  X-ray  micioanalisis  ,  energy 
loss  and  microdiffraction.  The  shape  and  size 
of  the  particles  was  controled  by  the  prepana-- 
tion  conditions.  Ue  report  a  sistematic  study 
of  the  different  panicle  shapes  ,  that  can  be 
produced.  It  is  found  that  a  higher  proportion 
of  the  panicles  have  triangular,  icos ahedral  or 
decagonal  shape.  High  resolution  microscopy  -- 
shows  that  the  surface  of  the  particles  is  rougher 
than  that  of  similar  particles  obtained  by  vacuum 
evaporation .  The  roughness  of  the  precipitated 
particles  might  has  interesting  consecuencies  for 
its  catalitic  properties .  It  is  shown  that  --- 
alloys  are  observed  in  most  cases. 

V9.ll 

MICROSCOPIC  STRUCTURE  AND  DYNAMICS  OF  CONFINED  POLYMER 
MELTS.  loannls  Bit3anls.  Department  of  Chemical  Engineer¬ 
ing,  University  of  Florida,  Gainesville,  FL  and  George 
Hadzl ioannou,  IBM  Almaden  Research  Center,  San  Jose,  CA. 

We  performed  a  series  of  equilibrium  and  flow  molecular 
dynamics  simulations  of  dense  polymer  melts  confined  be¬ 
tween  structureless,  planar  walls. 

The  melt  density  varied  in  an  oscillatory  manner  next  to 
the  solid  walls.  The  effect  of  the  solid  surface  on  the 
melt  density  was  screened  arter  2-3  molecular  diameters 
and  the  layering  of  the  polymer  segments  was  found  to  be 
much  weaker  than  that  observed  in  simple  fluids  as  a  re¬ 
sult  of  the  limitations  imposed  by  the  segment  connecti¬ 
vity.  The  effect  of  the  wall  on  the  shape  of  individual 
chains  was  similarly  restricted  to  the  portions  of  the 
chain  in  the  immediate  wall  vicinity.  Chains  in  the  wall 
vicinity  were  strongly  shrunk  in  the  direction  normal  to 
the  wall  and  slightly  swollen  in  the  two  directions  paral¬ 
lel  to  the  wall. 

The  mobility  of  the  chains  in  the  direction  normal  to  the 
wall  was  reduced  significantly  and  the  effect  was  more 
pronounced  in  the  presence  of  strong  wall-segment  attrac¬ 
tion.  The  mobility  parallel  to  the  walls  was  only  slight¬ 
ly  affected  even  for  chains  in  the  immediate  wall 
vicinity.  Finally,  the  maximum  relaxation  time  of  the 
chains  was  quite  insensitive  to  the  presence  of  the  solid 
surfaces  and  the  effective  viscosity  of  strongly  confined 
oligomers  was  found  to  retain  essentially  its  bulk  value 
up  to  pore  widths  only  three  segment  diameters  wide. 

V9.12 

MOLECULAR  DYNAMICS  STUDY  OF  PHASE  STRUCURE  IN  BINARY  MIXED 
COLLOIDS.  Raymond  IX.  Mountain.  NIST.  Gaithersburg.  MD 
20899;  and  D.  Thirumalai ,  University  of  Maryland,  College 
Park,  MD  20742. 

The  results  of  a  series  of  molecular  dynamics  simulations 
of  binary  mixtures  of  colloidal  particles  Interacting  via 
pairwise  additive  potentials  of  DVLO  type  are  reported. 

The  parameters  for  the  potentials  were  chosen  to  be 
consistent  with  realistic  systems.  We  have  varied  the 
composition  and  volume  fraction  and  have  determined  the 
resulting  phase  structure  of  the  mixtures. 

We  find  that  liquid,  crystalline,  and  glassy  states  are 
possible,  depending  primarily  on  the  volume  fraction.  The 
importance  of  the  factor  in  the  interaction  resulting  from 
the  finite  size  of  the  colloids  is  illustrated  by  comparing 
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results  obtained  with  and  without  this  term.  It  is  found 
to  be  very  important  for  interesting  conditions.  This 
confirms  other  results  obtained  by  analytic  and  simulation 
methods. 

This  approach  is  useful  for  static  properties  but  is  unable 
to  describe  time  correlated  properties  since  the 
hydrodynamic  interactions  between  the  colloids  is  missing. 
The  status  of  this  currently  active  research  topic  will  be 
reviewed. 

V9.13 

WEIGHTED-DENSITY  THEORY  OF  PHASE  TRANSITIONS  IN 
FLUIDS  COMPOSED  OF  ANISOTROPIC  PARTICLES.  John  F 
MarkQ,  The  James  Franck  Institute,  The  University 
of  Chicago,  Chicago,  IL  60637;  and  W.  A.  Curtin, 
BP  Research  &  Development,  4440  Warrensville 
Center  Road,  Cleveland,  OH  44128. 

A  nonperturbative  approach  to  the  density- 
functional  description  of  phase  transitions  in 
fluids  composed  of  anisotropic  particles  is 
presented.  Based  on  the  weighted  density  approach 
developed  for  systems  with  spherically  symmetric 
interparticle  interactions [1] ,  this  theory  is 
exact  to  second  order  in  density  deviations  from 
the  isotropic  phase,  and  at  higher  orders  exactly 
satisfies  all  sum  rules  that  can  be  expressed  in 
terms  of  the  two-body  direct  correlations. 

This  theory  has  been  applied  to  the  description  of 
phase  transitions  in  hard-particle  fluids.  The 
description  of  the  structure  of  ordered  phases 
near  crystallization  transitions  is  greatly 
improved  in  comparison  to  the  commonly  used 
second-order  theory.  For  transitions  to  the 
nematic  phase,  it  is  found  that  the  higher-order 
contributions  do  not  modify  the  predictions  of  the 
second-order  theory.  Accurate  two-body  liquid 
structure  appears  to  be  the  key  factor  leading  to 
an  improved  description  of  the  nematic  phase. 

[1]  W.  A.  Curtin  and  N.  W.  Ashcroft,  Phys.  Rev.  A 
32,  2909  (1985);  A.  R.  Denton  and  N.  W.  Ashcroft, 
Phys.  Rev.  A  39,  4701  (1989). 

V10.1 

WHAT  CAN  WE  LEARN  FROM  COMPUTER  SIMULATIONS  OF 
MACROMOLECULAR  LIQUIDS?  Gary  S.  Grest,  Exxon 
Research  &  Engineering  Company,  NJ  08801. 

I  will  describe  how  computer  simulations 
techniques,  particularly  molecular  dynamics,  can 
be  useful  for  investigating  the  static  and  dynamic 
properties  of  macromolecular  liquids.  For 
polymeric  systems,  I  will  show  how  simulations  can 
be  applied  to  study  a  wide  variety  of  systems, 
such  as  linear,  ring  and  star  polymers  from  the 
dilute,  single  chain  limit  to  a  dense  melt 
consisting  of  many  long,  entangled  chains.  For  a 
dense  polymer  melt  ,  I  will  present  our  recent 
resultsl  which  cover  the  entire  regime  from  the 
non-entangled  regime  (Rouse)  to  highly  entangled 
regime  (reptation) .  The  resutls  indicate  that  the 
reptation  model  provides  a  very  good  description 
of  the  dynamics  of  the  chains  in  the  entangled 
regime,  while  Rouse  model  provides  an  excellent 
description  of  the  dynamics  of  short  chains. 
Extensions  of  the  technique  to  study  polymer 
networks  and  surface  phenomena  will  also  be 
discussed. 

1  K.  Kremer,  G.  S.  Grest  and  I.  Carmesin,  Phys. 
Rev.  Lett.  £1,  566  (1988);  K.  Kremer  and  G.  S. 
Grest  (to  be  published). 


V10.2  ABSTRACT  NOT  AVAILABLE 
V10.3 

SIMULATIONS  OF  CONTACT  LINE  MOTION:  SLIP  AND  THE 
DYNAMIC  CONTACT  ANGLE.*  Mark  Robbins  and  Peter  Thomp¬ 
son,  Dept,  of  Physics  and  Astronomy,  The  Johns  Hopkins  University, 
Baltimore,  MD  21218. 

The  usual  no-slip  boundary  condition  of  hydrodynamics  leads  to  di¬ 
vergences  in  the  stress  and  energy  dissipation  when  the  contact  line 
between  a  fluid  interface  and  a  solid  moves.  Since  the  measured  dis¬ 
sipation  is  finite,  either  the  no-slip  condition  or  hydrodynamics  must 
break  down.  However,  experiments  have  been  unable  to  determine  the 
source  of  this  breakdown  since  all  theories  predict  the  same  behavior 
at  large  distances  from  the  contact  line. 

We  present  results  of  detailed  Molecular  Dynamics  simulations  for  a 
single  fluid  and  two  immiscible  fluids  confined  between  solid  walls  and 
sheared  in  a  Couette  geometry.  A  wide  range  of  shear  rates  and  wall 
and  fluid  properties  were  studied.  Little  or  no  slip  occured  at  the  solid 
walls  in  single  fluid  simulations.  However,  at  strong  wall-fluid  couplings 
or  equal  wall  and  fluid  densities  epitaxial  ordering  was  induced  in  the 
first  few  fluid  layers.  This  locking  leads  to  jerky  stick-slip  dynamics  in 
these  layers. 

Steady-state  velocity  fields  and  interfaces  were  obtained  in  two  fluid 
simulations.  Changes  with  capillary  number  in  the  interface  shape  and 
dynamic  contact  angle  were  consistent  with  experiment  and  macro¬ 
scopic  theory.  Computed  velocity  fields  showed  that  the  usual  no-slip 
boundary  condition  broke  down  within  about  two  atomic  spacings  from 
the  contact  line.  This  slip  appeared  to  be  associated  with  the  break 
down  of  local  hydrodynamics  at  atomic  scales:  Microscopic  results  for 
the  pressure-stress  tensor  differed  from  the  Navier-Stokes  expression 
in  the  slip  region.  We  attribute  this  to  non-local  contributions  to  the 
stress  from  all  atoms  within  the  range  of  interactions.  These  non-local 
effects  only  become  apparent  when  velocity  gradients  vary  on  atomic 
scales. 

'Supported  by  the  National  Science  Foundation  Grant  No.  DMR- 
8553271. 

V10.4 

QUASIPARTICLE  MEDIATED  MELTING  IN  TWO  DIMENSIONS.  M. A. 
Glaser  and  N.A.  Clark.  Department  of  Physics,  University 
of  Colorado,  Boulder,  CO  80309. 

We  show,  using  computer  simulation  and  two-dimensional  (2d) 
colloids,  that  the  2d  simple  liquid  local  structure  is  a 
tiling-like  mosaic  of  square  and  triangle  lattice.  This 
structure  is  obtained  in  a  model  where  in  the  2d  melting 
transition  is  a  quasiparticle  (QP)  condensation  in  which 
the  QP's  are  square  lattice  cells  condensed  by  attractive 
short  range  interactions  into  tiling  structures. 

Supported  by  NSF  DMR  8512071. 

V10.5 

INTERACTIONS  BETWEEN  CHARGED  MACROIONS  IN  SOLU¬ 
TION.*  M.,1. Stevens  and  M.O.Robbins,  Department  of  Physics  and  As¬ 
tronomy,  The  Johns  Hopkins  University,  Baltimore  MD  21218. 

For  small  counterion  densities,  interactions  between  charged  macroions 
in  solution  have  bean  effectively  characterized  by  the  Poisson- Boltzmann 
Equation  (PBE).  However,  at  sufficiently  large  densities,  interactions 
between  counterions  are  no  longer  negligible  and  the  PBE  breaks  down. 
Monte  Carlo  (MC)  simulations  and  bypernetted  chain  (HNC)  calcula¬ 
tions  for  parallel  charged  plates  show  that  the  interaction  may  change 
from  repulsive  to  attractive  in  this  limit.  We  have  developed  a  simple 
local  density  functional  theory  that  incorporates  the  strong  correlations 
at  high  counterion  densities,  and  is  equivalent  to  the  PBE  at  low  den¬ 
sities.  Like  more  complicated  MC  and  HNC  calculations,  our  theory 
gives  attractive  interactions  at  high  densities.  We  find  the  origin  is  col¬ 
lapse  of  counterions  on  to  the  plates  when  a  critical  density  is  exceeded. 
We  have  also  performed  complementary  MC  simulations  of  counterions 
and  spherical  macroions  in  solution.  As  expected  from  the  analytic 
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theory,  counterions  collapse  onto  the  macroions  at  high  densities. 
"Supported  by  the  National  Science  Foundation  Grant  No.  DMR- 
8553271. 

V10.6 

THE  EFFECT  OF  HYDROSTATIC  PRESSURE  ON  LIQUID-LIQUID 
PHASE  SEPARATION  IN  MICELLAR  SOLUTIONS  OF  C8- 
LEC1THIN  AND  WATER  K.  Helmerson,  P.  Schurtenberger,  G.M. 
Thurston,  T.  Kushida,  S.  Angchm  and  G.B.  Benedek.  Department  of 
Physics  and  Center  for  Materials  Science  and  Engineering,  MTT, 
Cambridge,  MA 

We  report  measurements  of  the  location  of  the  coexistence  curve  for 
binary  liquid  phase  separation  and  of  the  hydrodynamic  radii  of  micelles 
in  solutions  of  Cg-lecithin  and  water,  at  hydrostatic  pressures  between  1 
atm  and  800  atm.  We  End  that  increased  hydrostatic  pressure 
dramatically  reduces  the  critical  temperature  Tc  for  liquid-liquid  phase 
separation,  by  approximately  23°K  over  the  800  atm  range.  The 
hydrodynamic  radii  of  the  Cg-lecithin  micelles,  at  dilute  amphiphile 
concentration,  remains  constant  as  a  function  of  the  applied  pressure.  We 
interpret  our  experimental  findings  in  terms  of  the  pressure  dependence  of 
two  phenomenological  parameters,  C  and  Ap,  which  govern  the  strength 
of  intermicellar  interactions  and  the  extent  of  micellar  growth, 
respectively,  within  a  Gibbs  free  energy  model1  of  micellar  solutions. 


lD  Blankschiein,  G.M.  Thurston  and  G.B.  Benedek,  J.  Che m.  Phys.  (5:7268  (1986) 
VX0.7 

MOLECULAR-THERMODYNAMIC  FRAMEUORK  TO  PREDICT  MICELLIZATION , 
PHASE  BEHAVIOR  AND  PHASE  EQUILIBRIA  OF  MICELLAR  SOLUTIONS. 
D.  Blankschtein  and  S.  Puwada,  Department  of  Chemical 
Engineering.  Massachusetts  Institute  of  Technology ,  Cambridge, 
MA  02139  USA. 

Ue  will  present  a  molecular-thermodynamic  framework  which 
is  capable  of  predicting  (i)  micelle  formation  and  growth, 

(ii)  micellar  solution  phase  behavior,  and  (iii)  phase 
equilibria  of  surfactant-water  micellar  solutions. 

The  theory  incorporates  the  effects  of  surfactant  molecular 
architecture,  that  is,  chemical  structure  and  conformation  of 
hydrophobic  and  hydrophilic  surfactant  moieties ,  on:  (i)  inter¬ 
facial  tension  reduction  at  the  micellar  core-water  interface 
due  to  surfactant  adsorption  and  surface  curvature,  (ii)  steric 
and  packing  effects  associated  with  the  spatial  conformations 
adopted  by  the  hydrophobic  and  hydrophilic  moieties,  and 

(iii)  electrostatic  interactions  between  the  hydrophilic 
moieties  at  the  micellar  core-water  interface.  A  detailed 
comparison  with  experimental  findings  in  aqueous  solutions  of 
nonionic,  ionic,  and  zwitterlonic  surfactants  will  be 
presented. 

V10.8 

A  MODEL  FOR  ORIENTATIONAL  AND  TRANSLATIONAL  ORDERING  IN 

MICELLAR  AND  OTHER  REVERSIBLY  ASSEMBLING  SYSTEMS.1 

Mark  P .  Taylor  and  Judith  Herzfeld,  Departments  of  Chemistry 

and  Physics,  Brandels  University,  Waltham,  Massachusetts 

02259-9110. 

Liquid  crystalline  order  is  a  feature  common  to  many 
reversibly  assembling  systems,  such  as  micelle  forming 
surfactants,  polymerizing  proteins  and  linearly  aggregating 
polyaromatic  molecules.  The  order  observed  in  these 
inherently  polydisperse  systems  may  be  translational  as  well 
as  orientational,  i.e.,  nematic,  smectic  (lamellar)  and 
columnar  (hexagonal)  phases  are  possible.  The  temperature 
and  concentration  dependent  phase  behavior  exhibited  by  such 
systems  Is  often  remarkably  complex,  due  to  the  coupling 
between  the  aggregate  size,  orientation  and  position 
distributions.  We  have  developed  a  model  of  such  reversibly 


assembling  systems  which  fully  accounts  for  the  coupling 
between  these  distributions.  A  phenomenological  description 
of  aggregate  assembly  is  utilized  in  conjunction  with  a 
scaled  particle  calculation  of  the  configurational  entropy 
of  the  polydisperse  system.  The  interparticle  potential  is 
modeled  as  a  hard-core  surrounded  by  a  short-range  repulsive 
step.  Translational  order  is  incorporated  by  imposing  cell 
boundaries  in  the  relevant  dimensions,  an  approach  that 
gives  good  agreement  with  Monte  Carlo  results  for 
monodisperse  systems.3  We  compare  the  calculated  phase 
behavior  with  experimental  data  and  report  model  results  for 
the  temperature  and  concentration  dependence  of  the 
aggregate  size  distribution,  the  orientaltional  order 
parameter,  and  the  periodicity  of  translational  ordering. 

1.  Supported  by  NIH  grant  HL- 36546. 

2.  M.  P.  Taylor,  R.  Hentschke  and  J.  Herzfeld, 

Phys.  Rev.  Lett.  62,  800  (1989). 

V10.9 

REEXAMINATION  OF  OSMOTIC  PRESSURE  MEASUREMENTS  IN  SELF¬ 
ASSEMBLING  SYSTEMS.  S .  Puwada  and  D.  Blankschtein, 
Department  of  Chemical  Engineering,  Massachusetts  Institute 
of  Technology,  Cambridge.  MA  02139  USA. 

The  peculiarities  of  membrane  osmotic  pressure  measurements 
in  self-assembling  systems  such  as  micellar  solutions  will  be 
discussed.  It  will  be  shown  that  in  certain  cases  these 
measurements  can  yield  the  weight-average  micellar  molecular 
weight,  M.,  instead  of  the  conventional  number-average 
micellar  molecular  weight,  M„.  The  implications  of  this 
rather  striking  result  for  the  evaluation  of  the  degree  of 
polydispersity ,  a  -  M„/M„,  and  the  associated  extent  of 
micellar  growth  in  micellar  solutions  will  be  examined.  In 
this  respect,  a  reexamination  of  membrane  osmotic  pressure 
measurements  in  aqueous  micellar  solutions  of  the  nonionic 
surfactant  n-dodecyl  hexaoxyethylene  glycol  monoether  (CUE6) 
will  be  presented. 

V10.10 

DIELECTRIC  SPECTROSCOPY  OF  COMPLEX 
LIQUIDS  AND  SOLUTIONS  FROM  KHZ  TO  20  GHZ*  . 

Yan-Zhen  Wei  and  S.Sridhar,  Department  of  Physics, 
Northeastern  University,  Boston.  MA  02115. 

Dielectric  spectroscopy  is  a  powerful  probe  of  order  and 
disorder,  particularly  when  carried  out  over  a  broad 
frequency  range.  We  have  recently  developed  a  technique 
which  enables  quasi -conti nous  measurements  upto  20  GHz 
in  liquids.  The  technique  has  been  applied  to  a  variety  of 
systems  :  ionic  aqueous  solutions,  aqueous  solutions  of 
biopolymers  and  proteins,  and  polymeric  liquids  and 
solutions. 

In  solutions  of  bio-polymers  such  as  poly-lactic  acids  and 
poly-vinyl  alcohol  in  methylene  chloride,  we  observe  an 
excluded  volume  effect  which  is  frequency  -  and  molecular 
weight  dependent.  In  aqueous  solutions  of  proteins  such  as 
myoglobin,  similar  effects  are  observed  due  to  the 
hydration  shell,  from  which  we  deduce  its  size  and  the 
relaxation  time  of  the  hydration  water  .  In  LiCl/HjO 
solutions,  as  a  function  of  concentration,  effects  due  to 
dissociated  ions  and  undissociated  ion  pairs  are  observed. 

At  very  high  concentrations  and/or  low  temperatures, 
cooperative  effects  occur  -  the  low  temperature  data  car, 
be  explained  in  terms  of  mode  coupling  theories.  Presently 
we  are  studying  polymeric  liquids  such  as  polv-isoprene,  to 
examine  the  normal  mode  and  segmental  mode  relaxation, 
and  possible  entanglement  effects. 

*  Supported  by  PRF-ACS. 
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FLY  ASH  AND  COAL  CONVERSION 
BY-PRODUCTS  CHARACTERIZATION , 
UTILIZATION  AND  DISPOSAL  VI 

November  29  -  December  1,  1989 

SESSION  Wl: 

Chair:  R.  L.  Day 

Wednesday  Afternoon,  November  29 
Adams  Room  (W) 

1:15  OPENING  BY  SYMPOSIUM  CHAIRS 

1:20  INTRODUCTION  BY  SESSION  CHAIR 

1 : 30  ♦Wl.l 

DATABASE  OF  CHEMICAL,  MINERALOGICAL  AND 
PHYSICAL  PROPERTIES  OF  NORTH  AMERICAN  FLY 
ASK,  G.J.  McCarthy  and  Jody  K.  Solem,  North 
Dakota  State  University,  Fargo,  ND;  O.E. 
Manz  and  D.J.  Hassett,  University  of  North 
Dakota,  Grand  Forks,  ND. 

2:15  Wl-2 

THE  ROLE  OF  GLASSY  PHASES  IN  THE  CEMEN¬ 
TITIOUS  REACTIVITY  OF  FLY  ASHES  AND  SLAGS, 
R.T.  Hemminqs  and  E.E.  Berry,  Matex  Consul¬ 
tants  Inc.,  Mississauga,  Canada. 

2:45  BREAK 

3 : 15  W1.3 

THE  SPECIFIC  HEAT  OF  COAL  ASHES,  L.L.  Isaacs 
and  R.  Ledesma,  The  City  College,  Department 
of  Chemical  Engineering,  New  York,  NY. 

3:45  Wl . 4 

ANALYSIS  OF  COAL  FLY  ASH  BY  BULK  AND  SURFACE 
CHARACTERIZATION  TECHNIQUES,  M.  Bellotto  and 
C.  Boni ,  CISE  Tecnologie  Innovative,  Materi¬ 
als  and  Technology  Division,  Milan,  Italy; 
A.  Caridi,  CISE  Tecnologie  Innovative, 
Materials  and  Technology  Division,  Milan, 
Italy,  and  CNEA,  Buenos  Aires,  Argentina;  E. 
Cereda  and  C.  Chemelli,  CISE  Tecnologie 
Innovative,  Materials  and  Technology  Divi¬ 
sion,  Milan,  Italy;  G.M.  Braga  Marcazzan, 
CISE  Tecnologie  Innovative,  Materials  and 
Technology  Division,  Milan,  Italy,  and 
Istituto  di  Fisica  Generale  Applicata  deli'- 
Universita,  Milan,  Italy;  and  M.  Scagliotti, 
CISE  Techologie  Innovative,  Materials  and 
Technology  Division,  Milan,  Italy. 

4:15  W1..5 

MICROSTRUCTURE,  MASS  TRANSPORT  AND  DEN- 
SIFICATION  OF  SLAG-CEMENT  PASTES,  O.L.  Feng 
and  F.P.  Glasser,  University  of  Aberdeen, 
Department  of  Chemistry,  Old  Aberdeen, 
Scotland. 


♦Invited  Paper 


4:45  Wl .6 

A  STATISTICAL  INVESTIGATION  ON  PARTICLE  TO 
PARTICLE  VARIATION  OT  FLY  ASH  USING,  SEM- 
AIA-EDAX  TECHNIQUE,  L.E.  Barta .  G.  Vamos, 
Institute  of  Energy,  Budapest,  Hungary;  M . A . 
Toqan,  J.D.  Teare,  J.M.  Beer,  A . F .  Sarofim, 
Massachusetts  Institute  of  Technology,  The 
Energy  Laboratory  and  Department  of  Chemical 
Engineering,  Cambridge,  MA. 

SESSION  W2 : 

Chair:  F.  P.  Glasser 

Thursday  Morning,  November  30 
Adams  Room  (W) 

8:20  SESSION  CHAIR  REMARKS 

8:30  W2.1 

OXYANION  SUBSTITUTED  ETTRINGITES:  SYNTHESIS, 
CHARACTERIZATION  AND  AQUEOUS  STABILITY,  P^ 
Kumarathasan  and  G.J.  McCarthy,  North  Dakota 
State  University,  Fargo,  ND;  D.J.  Hassett 
and  D.F.  Pf lughoef t-Hassett ,  University  of 
North  Dakota,  Grand  Forks,  ND. 

9:00  W2.2 

COMPARISON  BETWEEN  NATURAL  WEATHERING 
PROCESSES  AND  FORCED  LEACHING  OF  CLASS-F  FLY 
ASH,  A.  Andrade,  Y.M.A.  Coenegracht,  G.G. 
Hollman,  H.S.  Pietersen.  and  R.D.  Schuiling, 
Institute  of  Earth  Science,  Geochemistry 
Department,  Utrecht,  The  Netherlands. 

9:30  W2.3 

EFFECT  OF  CALCIUM  ADDITIVES  ON  SULFUR  CAP¬ 
TURE  AND  PUZZOLANIC  ACTIVITY  OF  FLYASH  IN 
COAL  WATER  FUEL  FLAMES,  M . A .  Toqan.  T. 
Paloposki,  J.D.  Teare  and  J.M.  Beer,  Mas¬ 
sachusetts  Institute  of  Technology,  Depart¬ 
ment  of  Chemical  Engineering,  Cambridge,  MA; 
M.  Rini  and  R.C.  LaFlesh,  Combustion  En¬ 
gineering,  Inc.,  Windsor,  CT;  L.E.  Barta  and 
G.  Vamos,  Institute  of  Energy,  Budapest, 
Hungary. 

10:00  BREAK 

10:30  W2.4 

MICROPROBE  STUDY  OF  CHEMICAL  INTER-GRAIN 
VARIATION  IN  CLASS-F  FLY  ASH:  APPLICATION  OF 
FUZZY  C-MEANS  CLUSTER  ANALYSIS  AND  NON¬ 
LINEAR  MAPPING,  Hans  S.  Pietersen  and  Jan  M. 
Bijen,  Delft  Technical  University,  Faculty 
of  Civil  Engineering,  Materials  Science 
Section,  Delft,  The  Netherlands;  Simon  P. 
Vriend  and  Rene  E.P.  Poorter,  Institute  of 
Earth  Science,  Geochemistry  Department, 
Utrecht,  The  Netherlands. 

11:00  W2.5 

EVOLUTION  OF  LIME  AND  MICROSTRUCTURAL  DE¬ 
VELOPMENT  IN  FLYASH-PORTLAND  CEMENT  SYSTEMS, 
Joseph  A.  Larbi  and  Jan  M.  Bijen,  Delft 
Technical  University,  Faculty  of  Civil 
Engineering,  Materials  Science  Section, 
Delft,  The  Netherlands. 
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11:30  W2.6 

ACTIVITY  OF  SULPHUR-FIXED  ASH  FROM  DESUL- 
PHURING  COMBUSTION  OF  HIGH-SULFUR  COAL  IN 
FLUIDIZED  BED  FOR  BUILDING  MATERIALS,  Lian 
Hui zhen  and  Jiang  Jiabiao,  Tsinghua  Univer¬ 
sity,  Department  of  Civil  Engineering, 
Beijing,  China. 


SESSION  W3 : 

Chair:  P.  L.  Pratt 

Thursday  Afternoon,  November  30 
Adams  Room  (W) 

1:20  CHAIR'S  REMARKS  &  ANNOUNCEMENTS 

1 : 30  *W3 . 1 

STUDIES  ON  MECHANISM  OF  DEVELOPMENT  OF 
PHYSICAL  AND  MECHANICAL  PROPERTIES  OF  HIGH 
VOLUME  FLY-ASH  CEMENT  PASTES,  Rolf  F. 
Feldman ,  National  Research  Council  Canada, 
Institute  for  Research  in  Construction, 
Ottawa,  Canada. 

2:15  W3.2 

REACTIVITY  OF  FLY  ASH  AT  HIGH  pH,  H.S. 
Pietersen .  A.L.A.  Fraay,  and  J.M.  Bijen, 
Delft  Technical  University,  Faculty  of  Civil 
Engineering,  Materials  Science  Section, 
Delft,  The  Netherlands. 


2:45  BREAK 


3:15  W3.3 

AGGLOMERATION  OF  HIGH  CALCIUM  FLY  ASH  FOR 
UTILIZATION:  I.  PHYSICAL  PROPERTIES, 
Kenneth  L.  Bergeson ,  Carol  L.  Kilaour.  and 
Scott  Schlorholtz,  Iowa  State  University, 
Department  of  Civil  and  Construction 
Engineering,  Ames,  IA. 


3:45  W3.4 

AGGLOMERATION  OF  HIGH  CALCIUM  FLY  ASH  I  OR 
UTILIZATION:  II.  BINDING  MECHANISMS  AND 
LEACHING  BEHAVIOR,  Carol  L.  Kilqour.  Kenneth 
L.  Bergeson,  and  Scott  Schlorholtz,  Iowa 
State  University,  Department  of  Civil  and 
Construction  Engineering,  Ames,  IA. 


4:15  W3.5 

STUDY  ON  THE  PROPERTIES  OF  SEPARATED  CLASS  F 
FINE  FLY  ASH,  T.C.  Sheu ,  S.T.  Kuo,  and  L.W. 
Quo,  Taiwan  Power  Company,  Power  Research 
Institute,  Taiwan,  China. 


4:45  W3.6 

REACTIVITY  OF  FLY  ASH-PORTLAND  CEMENT- 
Ca(0H)2-CaS04 *2H20  MIXTURES,  R.L.  Beraer. 
and  Shamba  Wang,  University  of  Illinois, 
Department  of  Civil  Engineering,  Urbana, 
IL. 


SESSION  W4 : 

Chair:  R.  F.  Feldman 

Friday  Morning,  December  1 
Adams  Room  (W) 

B : 20  CHAIR'S  REMARKS  &  ANNOUNCEMENTS 
8:30  *W4 . 1 

THE  PRACTITIONERS  VIEW  OF  FLY  ASH  UTILISA¬ 
TION,  Ronald  H.  Mills.  University  of  Toron¬ 
to,  Toronto,  Canada. 

9:15  *W4 . 2 

USE  OF  FLY  ASH  IN  CONCRETE  -  A  EUROPEAN 
VIEW,  Peter  L.  Pratt.  Imperial  College, 
Department  of  Materials,  London,  United 
Kingdom. 

10:00  BREAK 

10:30  W4.3 

RESISTANCE  OF  FLY  ASH  MORTARS  TO  SULPHATE 
ATTACK  IN  A  CONTROLLED  ENVIRONMENT,  Robert 
L.  Day  and  J.  Konecny,  University  of  Cal¬ 
gary,  Department  of  Civil  Engineering, 
Alberta,  Canada. 

11:00  W4.4 

PERFORMANCE  OF  A  FLY  ASH  STABILIZED  PAVE¬ 
MENT,  Joakim  G.  Laauros .  University  of 
Oklahoma,  Civil  Engineering  Department, 
Norman,  OK;  and  Curt  Hayes,  Oklahoma  Depart¬ 
ment  of  Trans~.  ation,  Research  Department, 
Oklahoma  C'ty,  CK. 

11:30  W4.5 

THE  EFFECT  ON  CEMENT  MORTAR  AND  CONCRETE  BY 
ADMIXTURE  OF  SPRAY  DRYING  ABSORPTION  PRO¬ 
DUCTS,  X’rsrc..  G.  Jeppesen.  The  Technical 
University  of  Denmark,  The  Institute  of 
Mineral  Industry,  Lyngby,  Denmark. 

SESSION  W5 : 

Chair:  G.  J.  McCarthy 

Friday  Afternoon,  December  1 
Adams  Room  (W) 

1:20  SESSION  CHAIR  REMARKS 

1:30  W5.1 

EVALUATING  THE  USE  OF  PONDED  FLY  ASH  IN  A 
ROADWAY  BASE  COURSE,  David  W.  Hunsucker.  and 
R.  Clark  Graves,  University  of  Kentucky, 
Kentucky  Transportation  Center,  Lexington, 
KY. 

2:00  W5.2 

STATE-OF-THE-ART  IN  MWC  ASH  DISPOSAL  TECH¬ 
NIQUES  AND  DESIGN  REQUIREMENTS,  Keith  E. 
Forrester .  Wheelabrator  Environmental  Sys¬ 
tems,  Inc.,  Environmental  Engineering, 
Danvers,  MA. 
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2 : 30  W5.3 

ENVIRONMENTAL  ASSESSMENT  OF  BOTTOM  ASH  USED 
IN  ROAD  STABILIZATION,  Asmarre  Atalav  and 
Joakim  G.  Laguros,  University  of  Oklahoma, 
Civil  Engineering  and  Environmental  Science, 
Norman,  OK. 

3:00  CLOSING  REMARKS,  SESSION  CHAIRS 
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wi.l 

DATABASE  OF  CHEMICAL,  MINERALOGI CAL  AND  PHYSICAL  PROPERTIES 
OF  NORTH  FLY  ASH.  G.J.  McCarthy  and  Jody  K.  Solent,  North 
Dakota  State  University,  Fargo;  O.E.  Manz  and  D.J.  Hassett, 
University  of  North  Dakota,  Grand  Forks,  ND. 

Fly  ash  from  electrical  generating  stations  is  an  inherently 
variable  material  due  to  differences  in  the  chemistry  of  the 
source  coal,  in  the  coal  preparation,  in  the  combustion  con¬ 
ditions  and  in  ash  collection  and  handling  methods.  Because 
no  two  utilities  have  all  of  these  factors  in  common,  each 
plant’s  fly  ash  is  unique,  and  may  vary  itself  with  time. 
If  one  wishes  to  obtain  generic  information  relevant  to  the 
utilization  or  disposal  of  this  material,  it  must  be  done  by 
applying  statistical  procedures  to  a  large  database.  With 
support  from  electrical  utilities  and  fly  ash  marketers, 
preparation  of  such  a  database  incorporating  results  from 
more  than  500  North  American  fly  ashes  is  nearing  comple¬ 
tion.  The  principal  components  of  the  database  are  inform¬ 
ation  on  the  power  plant  and  its  coal,  major  oxides  chemical 
analyses,  the  mineralogy  (crystalline  compounds)  and  ASTM  C 
618  physical  properties.  Although  the  emphasis  is  on  fly 
ash  derived  from  combustion  of  lignite  and  subbi tuminous 
coal,  data  for  bituminous  coal  fly  ash  are  also  included. 
Chemical  composition  and  XRD  mineralogy  "fingerprints"  of 
various  classes  of  fly  ash  have  been  established.  Statisti¬ 
cal  analyses  of  variability  in  fly  ash  chemistry  and  miner¬ 
alogy  have  also  been  performed. 

W1.2 

THE  ROLE  OF  GLASSY  PHASES  IN  THE  CEMENTITIOUS 
REACTIVITY  OF  FLY  ASHES  AND  SLAGS.  R.T.  Hemmings 
and  E.E.  Berry,  MATEX  Consultants  Inc.,  Mississauga.  Ontario, 
Canada. 

Coal  fly  ashes  and  rapidly  cooled  metallurgical  slags  are  largely 
composed  of  non-crystalline  or  glassy  aluminosilicates.  It  is  generally 
accepted  that  much  of  the  cementitious  reactivity  of  these  materials  arises 
from  chemical  reactions  between  alkaline  pore  solutions  and  glass 
constituents.  Reactivity  in  glasses  results  from  the  combined  effects  of 
chemical  composition,  thermal  history  and  surface  conditions.  The 
products  of  reaction  are  largely  determined  by  the  leachability  of  glass 
components  and  the  ionic  status  of  the  pore  water.  The  paper  presents  a 
critical  review  of  the  experimental  and  theoretical  basis  for  current 
understanding  of  glass  reactivity  as  it  relates  to  the  use  of  fly  ashes  and 
slags  in  cemented  systems.  Directions  for  future  research  and  the  basis 
for  a  general  theory  of  reactivity  among  supplementary  cementing 
materials  are  also  considered. 

W1.3 

THE  SPECIFIC  HEAT  OF  COAL  ASHES.  L.L.  Isaacs 
and  R.  Ledesma ,  Department  of  Chemical 
Engineering,  The  City  College,  New  York,  NY. 

Coal  ashes  were  prepared  at  1000K  from  the 
Argonne  Premium  Coal  (APS)  samples  suite. 

Specific  heats  were  measured  between  120K  and 
700K.  The  specific  heats  were  correlated  with 
ash  composition. 

W1.4 

analysis  of  coal  fly  ash  by  bulk  and  surface 

CHARACTERIZATION  TECHNIQUES*.  M.BeUotto  , 

C-Boni* >  A.Caridi ’'**,  E.Cereda  ,  C.Chemelli  , 
G.M. Braga  Marcazzan  '  ,  M.Scagliotti  . 

1  CISE  Tecnologie  Innovative,  P.O.  BOX  12081, 
20134  Milan,  Italy  -  2  Istituto  di  Fisica 

Generate  Applicata  dell 'UniversitA,  Milan,  Italy 

This  paper  presents  an  overview  of  techniques  for 
bulk  and  surface  characterization  of  fly  ash. 
Examples  are  reported  for  analysis  of  NBS 


Standard  Reference  Materials,  as  well  as  of 
integral  and  size  fractionated  coal  fly  ashes.  A 
better  knowledge  of  coal  fly  ash  elemental 
composition,  structural  characteristics  and  of 
inter-  and  intra-particle  heterogeneity  is  needed 
for  the  understanding  and  quantification  of  the 
physical  and  chemical  processes  related  to  fly 
ash  formation  and  reactivity.  Its  reactivity  is 
relevant  to  the  utilization,  disposal  and 
collection  of  particulate  emissions  by 
electrostatic  precipitators. 

The  techniques  applied  for  bulk  elemental 
analysis  are  PIXE  and  PIGE.  Electron  microscopy 
has  been  used  to  investigate  fly  ash  morphology, 
while  its  mineralogy  has  been  studied  by  means  of 
XRD.  The  glass  in  coal  fly  ash  has  been 
investigated  using  microfocus  Raman  spectroscopy. 
Surface  characterization  tools,  Auger  and  X-ray 
photoelectron  spectroscopies,  have  been  used  to 
analyze  the  samples  and  to  obtain  radial 
composition  profiles  of  individual  particles. 

*  Work  performed  under  ENEL-DSR/CISE  contract 
*»  On  leave  from  CNEA,  Buenos  Aires,  Argentina 

W1.5 

MICROSTRUCTURE,  MASS  TRANSPORT  AND  DENS  IF  I CATION  OF  SLAG- 
CEMENT  PASTES.  Q.L.  Feng  and  F..P.  Glasser,  Department 
of  Chemistry,  University  of  Aberdeen,  Old  Aberdeen, 

AB9  2UE,  Scotland. 

An  important  property  of  well-cured  slag-cement  blends  is 
their  low  permeability.  The  densif Ication  process  in  slag- 
cement  blends  has  been  followed  by  electron  microscopy  and 
electron  microanalysis  to  determine  changes  to  the  matrix 
microstructure  and  mineralogy.  Briefly,  Mg  In  the  slag 
remains  on  the  site  of  former  glassy  slag  grains,  but  com¬ 
bines  with  enough  At  to  give  a  hydrotalcite  phase:  some 
Ca  and  Si  also  remain,  probably  as  C-S-H,  but  much  Ca  and 
Si  migrate  into  the  paste  matrix.  This  transfer  of  chemi¬ 
cal  substance  provides  the  driving  force  for  matrix  densi- 
fication.  Mass  balance  calculations  are  used  to  suppor' 
these  observations  and  to  generalize  on  them,  so  the  extent 
of  densif Ication  potential  can  be  calculated  for  various 
blend  proportions  as  well  as  for  slags  having  different 
chemical  compositions.  Specimen  calculations  are  presented. 
Quality  assurance  of  slag  is  to  be  optimized.  The  ability 
to  calculate  the  potential  for  densification,  at  least  in 
principle,  is  seen  as  an  important  step  forward  in  design 
for  durability. 

wi.e 

A  Statistical  InvcMigution  on  Panicle  to  Panicle  Variation 
ut‘  Flyush  umr£  SLM-AIA-EDAX  Technique 

I. L-  Baria.  G.  Vamos 
Institute  of  Energy 
Budapest.  Hungary 

M.A.  Toqan,  J.D.  Teare,  l.M.  Deer,  A.F.  Sarofim 

The  Energy  Laboratory  and 
Department  of  Chemical  Engineering 
Maisachu.se tii  Institute  of  Technology 
Cambridge.  Massachusetts  02139 

ABSTRACT 

Prediction  of  the  binding  characteristics  of  fly  ash  in  concrete  is  of  great  interest 
for  fly  ash  utilization.  Correlations  between  fly  ash  puz2olanic  activity  and  chemical 
composition /morphology  based  on  bulk  analyses  are  inadequate  due  to  the  strong  particle 
to  panicle  variat.on  of  fly  ash  properties.  In  an  answer  to  this  problem  scanning  electron 
microscopy  combined  with  automated  image  analysis  and  energy  dispersive  X-ray  analysis 
(SEM-AJA-EDAX)  used  previously  for  the  study  of  mineral  inclusion  distributions  in  coal 
has  been  extended  to  the  analyses  of  large  numbers  of  individual  fly  ash  panicles. 
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Results  of  an  analytical  statistical  treatment  of  the  experimental  data  show  that  this 
technique  can  provide  information  on  the  variation  of  the  size  and  chemical  composition 
of  individual  fly  ash  particles  and  can  therefore  be  used  for  the  evaluation  of  different  types 
of  fly  ash  in  respect  of  their  usability  in  concrete. 


W2.1 

OXYANION  SUBSTITUTED  ETTRINCITES:  SYNTHESIS,  CHARACTERIZA¬ 
TION  AND  AQUEOUS  STABILITY.  P.  Kumarathasxn  and  G.J. 
McCarthy  North  Dakota  State  University,  Fargo;  D.J.  Hassett 
and  D.F.  Pflughoef t - Hassett ,  University  of  North  Dakota 
Grand  Forks,  ND. 

Long-tern  batch  leaching  studies  of  composites  of  lignite 
combustion  and  gasification  ashes  with  a  calcium-based 
scrubber  waste  have  shown  the  prominent  formation  of 
ettringite  [ Ca6Al2 ( S04) 3 (OH) 12 • 26H20 ]  in  the  solids,  in 
parallel  with  reductions  in  solution  concentrations  of 
potentially  hazardous  elements  such  as  boron  and  selenium. 
In  nature,  boron  is  known  to  substitute  for  sulfur  in 
several  minerals  in  the  ettringite  group  (charlesite, 
sturmanite)  and  a  selanate  analog  of  ettringite  was  reported 
many  years  ago.  The  possibility  that  oxyanions  such  as 
B(0H)4,  SeO^,  ASO4,  Cr04,  M0O4  and  VO4  might  be  precipitated 
from  hazardous  waste  solutions  as  low  solubility  substituted 
ettringites  Is  the  basis  for  an  ongoing  study.  Substituted 
ettringites  of  each  of  these  oxyanions  have  been  prepared 
and  characterized  chemically  and  by  x-ray  powder  diffrac¬ 
tion.  The  stability  of  the  prototype  sulfate  ettringite, 
and  of  borate  and  selenate  substituted  ettringites,  has  been 
measured  in  aqueous  solutions  with  varying  pH  and  solution 
constituent  concentrations. 

W2.2 

COMPARISON  BETWEEN  NATURAL  WEATHERING  PROCESSES 
AND  FORCED  LEACHING  OF  CLASS-F  FLY  ASH. 

A.  Andrade,  Y.  M.  A.  Coenegracht,  G.  G.  Hollman, 

H.  S.  Pietersen  &  -R.  D.  Schuiling.  Inst,  of  Earth 
Sci.  ,  Dept.  Geochem.  ,  3508  TA  Utrecht,  The 

Netherlands. 

In  lysi meters  the  natural  weathering  process  of 
three  class-F  fly  ashes  was  studied.  The  ashes 
were  classified  according  to  their  alkaline  con¬ 
tent  into  acid,  neutral  or  alkaline.  In  the  upper 
section  of  the  beds  organic  C  is  slightly  increa¬ 
sed  after  4  yrs  of  weathering.  The  density  of  the 
neutral  fly  ash  is  slightly  decreased.  The  den¬ 
sity  of  acid  and  alkaline  fly  ash  increased  and 
concretions  have  been  formed.  In  the  alkaline  fly 
ash  this  is  due  to  local  cementation  by  calcite. 

In  acid  fly  ash  the  concretions  are  enriched  in  a 
number  of  major  and  minor  elements.  Only  sulfur 
shows  significant  mobility.  Hardly  any  signs  of 
soil  development  are  detected.  Under  natural 
conditions  trace  elements  will  be  leached  over  a 
very  long  time  period. 

Column  leaching  experiments  with  mild  acids  and 
complexing  agents  were  conducted  in  order  to 
check  if  the  natural  leaching  process  can  be 
accelerated.  Strong  acids  (pH>l)  appeared  most 
effective,  although  large  quantities  of  major 
elements  were  also  leached.  Weak  acids  combined 
with  complexing  compounds  are  more  selective  with 
respect  to  a  number  of  hazardous  elements,  but 
less  effective.  A  few  heavy  metals  remain  pres¬ 
ent  in  high  concentrations,  although  in  a  last 
mobile  form.  Forced  leaching  of  fly  aahas  before 
dumping  may  eliminate  most  of  the  environmental 
problem  of  mobilisation  of  heavy  metala. 


W2.3 

Effect  of  Calcium  Additives  on  Sulfur  Capture  and  Puzzolanic 
Activity  of  Flyash  In  Coal  Water  Fuel  Flames 

Using  coal  water  fuels  (CUF),  a  flame  Investigation  was  carried  out  to 
determine  the  effects  of  the  pretreacnent  of  CWFs  by  calcium  additives  upon 
the  efficiency  of  in-flame  sulfur  capture  and  flyash  puzzolanic  activity. 

To  this  effect,  seven  coal* water  fuels  were  used,  the  first  of  viich 
served  as  base  fuel  without  edditive  sorbent  while  the  ocher  seven  contained 
one  of  two  types  of  sorbents.  Three  of  the  latter  fuels  were  prepared  by 
admixing  to  the  base  fuel  varying  amounts  of  calcium  acecare  solutions, 
while  calcium  hydroxide  particles,  in  verying  amounts  were  admixed  to  the 
remaining  three  coal  water  fuels. 

In  Che  combustion  tests,  flyash  samples  were  collected  from  the  exit  of 
a  furnace  and  analyzed  by  Scanning  Electron  Microscopy  in  conjunction  with 
Automated  Image  Analysis  and  Energy  Dispersive  X-Ray  Speccroscopy  (SEM*AlA- 
EDAX)  for  elemental  distribution  of  calcium  and  sulfur  in  Che  fly  ash 
particles.  Particle  size  distributions  of  the  sampled  solids  were 
determined  using  a  laser  diffraction  particle  size  analyzer  (Malvern)  and  X- 
ray  diffraction  and  SEM-EDAX  measurements  were  made  on  hardened  flyash-wacer 
mixture  to  determine  the  puzzolanic  activity  of  Che  flyash. 

Of  Che  two  additives  used  the  calcium  acetate  was  more  effective  in 
capturing  sulfur;  71%  sulfur  reduction  was  obtained  with  a  mole  ratio  of 
Ca/S  -  1.8.  Both  the  calcium  acetate  and  calcium  hydroxide  additives 
produced  improved  flyash  puzzolanic  activity. 


W2.4 

MICROPROBE  STUDY  OF  CHEMICAL  INTER-GRAIN  VARIA¬ 
TION  IN  CLASS-F  FLY  ASH:  APPLICATION  OF  FUZZY  C- 
MEANS  CLUSTER  ANALYSIS  AND  NON-LINEAR  MAPPING. 
Hans  S.  Pietersen  and  Jan  M.  Bi jen,  Fac.  of  Civ. 
Eng.  ,  Materials  Sci.  Sec.  ,  Delft  Tech.  Univ.  , 
2628  CN  Delft,  The  Netherlands;  Simon  P.  Vriend 
and  Rene  E.  P.  Poorter,  Inst.  of  Earth  Sci.  , 
Geochemistry  Dept. ,  3508  TA  Utrecht,  The  Nether¬ 

lands. 

The  chemistry  of  individual  grains  of  several 
Class  F  fly  ashes  has  been  investigated  by  elec¬ 
tron  microprobe  analysis.  Both  bulk  fly  ash  as 
well  as  size  and  density  separated  fractions  were 
analyzed.  The  analysis  of  low  concentrations  of 
the  light  alkaline  elements  was  given  special 
attention.  In  order  to  obtain  structure  in  the 
large  dataset  obtained,  a  combination  of  two 
multivariate  statistical  procedures  was  applied. 
The  method  involved  the  use  of  both  fuzzy  c-means 
cluster  analysis  (FCM)  and  non-linear  mapping 
(NLM)  techniques  and  allowed  for  a  quick  visual 
interpretation  of  the  fly  ash  analysis.  It  provi¬ 
ded  information  which  is  not  obtained  through 
the  use  of  the  commonly  used  classical  two-or 
three  dimensional  data  representation  plot6 
alone.  The  cluster  analysis  of  all  ash  data 
indicated  that  a  model  of  5-6  clusters  could  best 
explain  the  chemical  differences  between  several 
class-F  fly  ashes.  Most  clusters  showed  an  in¬ 
verse  relation  between  Si02  and  AI2O3,  combined 
with  different  levels  of  Fe,  Ca,  Mg  and/or  K  and 
Na,  Inter-grain  variation  of  individual  fly  ashes 
showed,  on  a  smaller  scale,  similar  variations. 
The  results  of  the  cluster  analysis  were  related 
with  fly  ash  -reactivity  and  -glass  content  data. 

W2.5 

EVOLUTION  OF  LIME  AND  MICROSTRUCTURAL  DEVELOPMENT  IN 
FLYASH- PORTLAND  CEMENT  SYSTEMS.  Joseph  A.  Larbl  and  Jan 
M.  BIJen,  Delft  Technical  University,  Faculty  of  Civil 
Engineering,  Materials  Science  Section,  Stevlnweg  1, 

2628  CN  Delft,  The  Netherlands. 

The  evolution  of  calcium  hydroxide,  Ca(0H)t  end  the  dev¬ 
elopment  of  microstructure  during  the  early  hydration  of 
flyash-portland  cement  systems  have  been  investigated. 
During  the  first  one  month  of  hydration,  the  lime  con¬ 
tent  of  flyash-portland  cement  mortars  was  found  to  be 
significantly  higher  then  those  of  the  reference  mor¬ 
tars.  After  one  month  of  hydration,  however,  the  lime 
content  in  the  flyash-portland  cement  mortars  began  to 
decrease. 
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The  study  also  showed  that  the  cheelstry  of  the  pore 
solution  In  contact  with  the  hydrating  csnent  system 
and  the  glass  content  of  the  flyashes  exerted  Major 
Influences  on  the  rate  of  evolution  of  1  lee  In  the 
flyash- port land  cement  Mortars. 

Pore  site  distribution  analysis  by  Means  of  Mercury 
Intrusion  poroslMetry  revealed  higher  capillary  porosity 
In  the  flyash-portland  cement  Mortars  than  the  plain 
mortars  for  the  same  water/(cement+flyash)  ratios  during 
the  first  one  Month  of  hydration. 

The  results  of  the  lime  content  In  the  mortars  and  the 
pore  size  distribution  studies  were  supported  by  scann¬ 
ing  electron  Microscope  analysis  on  fractured  surfaces 
of  similar  Mortar  specimens  which  revealed  large, 
better-crystallized  calcium  hydroxide  plates  at  the 
paste-aggregate  as  well  as  the  paste-fly ash  Interfees 
during  the  first  one  month  of  hydration. 

W2.6 

ACTIVITY  OF  SULPHUR-FIXED  ASH  FROM  DESULPHURING 
COMBUSTION  OF  HIGH-SULFUR  COAL  IN  FLUIDIZED  BED 
FOR  BUILDING  MATERIALS.  Lian  Huizhen  and  Jiang 
Jiabiao,  Dept.  of  Civil  Engineering,  Tsinghua 
University,  Beijing,  P.R.  of  China. 

Adding  a  kind  of  novel  desulphurizer  into 
fluidized  bed,  amount  of  the  sulphur-fixed  ash 
from  combustion  of  high-sulphur  coal  (  named 
sulphur-  fixed  boiling  slag  )  can  be  over  30%. 

It  is  known  that  activity  of  boiling  slag  is 
better  than  that  of  fly  ash,  and  the  boiling 
slag  can  be  used  as  active  blending  materials  in 
Portland  cement.  But  another  fact  has  been 
proved  by  experiments  as  follow:  The  sulphur- 
fixed  boiling  slag  has  cementitious  property 
itself.  The  slag  was  mixed  with  water  (w/c=0.44) 
and  formed  without  any  other  materials,  the 
compresive  strength  of  that  specimen  came  up  to 
over  10  Mpa  after  steam  curing,  even  more  than 
20  Mpa  depending  on  its  composition, and  that  of 
another  specimen  with  the  same  composition  by 
adding  with  lime  of  8%  came  up  to  over  20  Mpa 
(  compared  with  above  mention  10  Mpa  ) . 
Therefore,  activity  of  the  sulphur-fixed 
boiling  slag  is  better  than  that  of  sulphuer- 
free  boiling  slag  as  a  cementitious  material. 

In  accordance  with  present  studies,  it  is  found 
that  factors  of  influence  on  the  activity  are 
subst ai nt ial ly  involved  with  f-CaO  content, 
sulphur  content  and  (  CaO+SO  )  /  (SiO  +A1  0  ) 
ratio, etc.  So  that  the  quality  and  practice  of 
sulphur-fixed  boiling  slag  used  as  cementitious 
materials  can  be  appreciated  and  controlled. 

W3.1 


STUDIES  ON  MECHANISM  OF  DEVELOPMENT  OF  PHYSICAL  AND 
MECHANICAL  PROPERTIES  OF  HIGH  VOLUME  FLY  ASH-CEMENT 
PASTES  Rolf  F.  Feldman.  National  Research  Council  Canada, 
Institute  for  Research  in  Construction. Ottawa,  Ontario,  Canada, 
K1A  0R6 

Workers  at  CANMET,  Ottawa,  Canada,  have  shown  that  high 
volumes  of  fly  ash  can  be  used  in  structural  concrete.  This  work 
was  performed  to  elucidate  the  possible  mechanisms  of  strength 
and  pore  structure  development  in  cement  pastes  containing  45 
to  56  percent  of  a  type  F  Lingan,  Nova  Scotia  fly  ash. 

Cement  paste  mixtures  containing  45  and  56  percent  fly  ash  each 
at  W/S  of  0,35  and  0.30  were  prepared  using  a  lignosol  based 
superplasticizer  and  cured  for  6  months.  During  curing,  thermal 
analysis,  pore  size  distribution,  SEM,  permeability,  porosity, 
compressive  strength  and  modulus  of  elasticity  data  were 
obtained. 


Results  showed  that  relatively  high  values  of  mechanical 
properties  may  be  obtained  at  relatively  early  times.  The 
following  factors  may  explain  this  observation. 

(a)  At  early  times  the  blended  pastes  have  effectively  a  high 
water-cement  ratio  (*  0.70). 

(b)  The  initial  cement  reaction  is  accelerated. 

(c)  The  fly  ash  -  Ca(OH)2  reaction  commences  at  a  period  earlier 
than  3  days  probably  because  of  the  large  volume  of  fly  ash  used, 
provides  a  relatively  large  amount  of  the  more  reactive  material. 

(d)  Cement  matrix  and  residual  unreacted  fly  ash  form  a  good 
mechanical  bond. 

(e)  A  relatively  homogeneous  hydrate  product  with  low  (Ca(OH)2 
content  and  low  C/S  ratio  CSH  produces  a  stronger  body. 

W3.2 

REACTIVITY  OF  FLY  ASH  AT  HIGH  pH.  H.  S.  Pietersen, 
A.  L.  A.  Fraay  and  J.  M.  J.  M.  Bijen,  Delft  Tech. 
Univ.  ,  Fac.  of  Civ.  Eng.  ,  Materials  Science 
Section,  2628  CN  Delft,  The  Netherlands. 

The  reaction  of  fly  ash  in  concrete  is  only 
initiated  after  one  or  more  weeks.  In  this 
incubation  period  the  fly  ash  behaves  as  a  more 
or  less  inert  material  and  serves  as  a  precipi¬ 
tation  nucleus  for  Ca(OH)2  and  C-S-H  gel  origina¬ 
ting  from  cement  hydration.  The  occurrence  of 
this  incubation  period  can  be  explained  by  the 
strong  dependency  of  the  glass  breakdown  on  the 
alkalinity  of  the  pore  water.  The  process  of 
glass  breakdown  increases  if  the  pH  becomes 
higher  than  approx.  13.  2,  a  situation  which  only 
occurs  in  cement  pore  waters  after  some  days.  The 
fly  ash  reactivity  is  also  related  to  glass 
content,  particle  size  and  temperature. 

In  order  to  compare  the  reactivity  of  several 
Dutch  class  F  fly  ashes,  size  and  density  separa¬ 
ted  fractions  of  different  fly  aBhes  were  reacted 
with  a  number  of  alkaline  activators  with  a  pH 
ranging  form  13  to  13. 7.  The  composition  of  both 
the  reacted  and  unreacted  fly  ash  fractions  was 
analyzed  using  microprobe  analysis,  QXRD,  SEM  and 
TEM.  Samples  of  the  solution  were  analyzed  after 
several  time  intervals  and  thus  apparent  acti¬ 
vation  energies  could  be  calculated.  Particle 
size  and  glass  content  appeared  to  be  the  major 
variables  concerning  fly  ash  reactivity.  The 
effect  of  small  differences  in  glass  composition 
on  ash  reactivity  is  not  entirely  clear  as  most 
glasses  contained  varying  amounts  of  crystalline 
inclusions. 

W3.3 

AGGLOMERATION  OF  HIGH  CALCIUM  FLY  ASH  FOR  UTILIZATION: 
1.  PHYSICAL  PROPERTIES.  Kenneth  L.  Bergeson,  Carol  L. 
KllRour  4  Scott  Schlorholtz,  Department  of  Civil  &  Con¬ 
struction  Engineering,  Iowa  State  University,  Ames,  IA. 

Inability  of  the  Iowa  fly  ash  industry  to  meet  their 
demands  for  fly  ash  during  the  peak  construction  months 
led  the  Iowa  Fly  Ash  Affiliates  Group  to  investigate 
storage  alternatives  available  for  high-calcium  fly  ashes. 
Conventional,  closed  storage  facilities  are  extremely 
expensive  and  currently  not  cost  effective.  In  addition 
the  industry  is  faced  with  the  rising  costs  of  landfill 
disposal.  This  paper  presents  the  results  of  utilizing 
the  rapid  self-cementitious  properties  of  high-calcium 
ashes  to  agglomerate  them  into  discrete  aggregate  size 
particles  for  stockpiling.  The  two  fly  ashes  used  in 
this  study  contained  25  to  30  percent  calcium.  Water 
was  used  as  an  agglomerating  medium.  Agglomeration  was 
accomplished  using  three  types  of  commercial  equipment 
as  follows:  continuous  rotary  pan  agglomerator ,  continuous 
auger  agglomerator  and  a  batch  turbine  agglomerator. 
All  units  produced  relatively  well  graded  aggregate 
material  differing  primarily  in  particle  shape  and  texture. 
Production  agglomeration  capacity  of  all  units  range  up 
to  50  tph.  Previous  work  on  laboratory  bench  studies 
of  pan-agglomerated  materials,  stored  under  water  for 
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over  one  year,  indicated  high  particle  stability  and  no 
tendency  for  mass  cementing.  Research  work  discussed 
includes;  gradation  and  abrasion  testing;  strength  and 
durability  as  an  artificial  aggregate  in  concrete;  strength 
and  durability  as  a  treated  and  untreated  base  material; 
and  use  of  the  fine  fraction  for  soil  stabilization. 
Agglomerated  pellets  were  also  reground  using  a  newly 
developed,  energy  efficient,  micronizing  technique. 
Research  results  using  the  reground  ash  in  concrete  and 
soil  stabilization  are  also  discussed. 

M3. 4 

AGGLOMERATION  OF  HIGH  CALCIUM  FLY  ASH  FOR  UTILIZATION: 
II.  BINDING  MECHANISMS  AND  LEACHING  BEHAVIOR.  Carol 
L.  Kilgour.  Kenneth  L.  Bergeson  and  Scott  Schlorholtz, 
Department  of  Civil  &  Construction  Engineering,  Iowa  State 
University,  Ames,  IA 

Agglomeration  provides  an  economical  means  of  storing 
Iowa  fly  ash  resources  for  future  use  in  construction 
as  a  base  material,  as  a  soil  stabilization  agent,  and 
in  concrete.  Agglomerates  were  produced  from  two  fly 
ashes  using  three  commercial  size  agglomeration  procedures. 
Evaluation  of  the  chemical,  mineralogical  and  morphological 
nature  of  the  agglomerates  shows  that  each  of  the  three 
procedures  used  one  or  more  of  the  following  binding 
mechanisms:  Solid  bridges  caused  by  chemical  reaction, 

adsorption  layers,  molecular  and  electrostatic  forces, 
and  interlocking. 

It  is  envisaged  that  the  many  potential  uses  of  the 
agglomerated  material  could  eventually  result  in  the 
complete  utilization  of  Iowa  fly  ash.  At  present,  however, 
disposal  of  the  agglomerates  must  be  considered.  Compared 
to  dry  fly  ash  disposal,  agglomeration  offers  the 
advantages  of  reduced  ash  volume,  easier  handling  and 
prevention  of  primary  pollution.  However,  the  possiblity 
of  groundwater  contamination  by  leachate  from  the 
agglomerated  material  needs  careful  consideration. 

This  paper  discusses  the  binding  mechanisms  used  in  the 
three  agglomeration  techniques  and  presents  the  res-nkts 
of  the  authors'  work  on  leaching  properties  deemed 
important  for  agglomerate  disposal. 

W3.5 

Study  On  The  Properties  Of  Separate  ' 

Class  F  Fine  Fly  Ash 

Consistent  quality  of  fly  ash  is  the  main  key 
to  utilize  it.  In  this  study,  we  tried  to  use 
separation  technique  to  improve  the  properties  of 
fineness  and  ignition  loss  of  fly  ash. 

In  the  experiment,  fly  ash  was  passed  through 
dry  sievers  of  No. 200,  No. 300,  and  No. 400  mesh. 

Chemical  characteristics  andphysical  properties  of 
each  classified  fine  fly  ash  were  studied.  Cement 
in  mortar  and  paste  were  replaced  with  10*,  203, 

303 .  403  and  S03  of  sieved  and  unsieved  fly  ash. 

Flowability,  setting  time,  curing  condition, 
compressive  strength,  shrinkage,  and  sulfate  resist- 
ability  of  each  formulated  mixture  were  tested. 

The  results  showed  as  follows: 

(1)  Ignition  loss  of  separated  fine  fly  ash  is 
greatly  reduced.  It  is  good  for  cement  and 
concrete  mixing. 

(2)  Fly  ash  passed  No. 300  siever  has  good  prop¬ 
erties,  high  yield  and  economic  processing 
cost . 

(3)  Cement  Products  and  ready  mixed  concrete  which 
contain  the  fine  fly  ash,  passing  No. 300  mesh, 


replacing  cement  not  more  than  304,  can  get 
advantages  of  both  quality  improvement  and  cost 
lowering. 

W3.6 

reactivity  of  fly  ash-portland  cement- 

C*(0H)2-CaSO4*2H20  MIXTURES.  R.  L.  Berger  and 
Shamba  Wang:,  Department  of  Civil  Engineering,  University 
of  Illinois,  208  N.  Mathews,  Urbana,  IL. 


The  influence  of  additions  of  Ca(OH)2  up  to  15%  and 
CaS04*2H20  up  to  8%  on  the  reactivity  and  strength 
development  or  portland  cement-fly  ash  pastes  was 
investigated.  Samples  were  batched  on  water/solid  volume 
basis  to  ensure  a  equal  initial  porosity.  Fly  ash  reactivity 
determined  by  Ca(OH)2  consumption  tanged  from  7%  to 
12%.  Additions  of  Ca(OH)2  increased  fly  ash  reactivity  but 
not  strength.  CaS04*2H20  additions  resulted  in  equal  or 
greater  90  day  strengths  than  control  samples. 

W4.1 

THE  PRACTITIONERS  VIEW  OF  FLY  ASH  UTILISATION.  Ronald  H. 
Mills,  University  of  Toronto,  Toronto,  Ontario  M5S  1A4. 

Partial  substitution  of  Portland  cement  (PC)  with  fly  ash  (FA)  offers  the 
practitioner  increased  scope  for  optimal  utilisation  of  materials  but  requires 
careful  evaluation  of  the  resulting  blended  cement  beyond  the  basic  age- 
strength  relationship.  Nevertheless,  characteristic  strength  is  invariably 
specified,  and  for  the  practitioner,  the  cost  of  meeting  this  requirement 
depends  on  workability,  the  rate  of  strength  gain  and  the  influence  of 
variability.  The  biend  may  be  characterised  by  a  mass  efficiency  factor  which 
is  the  mass  ratio  of  PC  to  FA  which  will  yield  the  same  target  strength  at 
fixed  maturity  and  workability.  Alternatively,  the  maturity  efficiency  factor 
may  be  determined  as  the  ratio  of  log  maturity  values  for  the  cements  to 
reach  a  given  target  strength.  Both  efficiency  factors  incorporate  important 
economic  parameters  of  interest  to  the  practitioner. 

The  glassy  character  of  FA  means  that  its  inclusion  attracts  calcium 
hydroxide  and  sodium  and  potassium  ions  released  into  solution  by  the  PC 
component.  The  risk  of  alkali-aggregate  reaction  is  thus  reduced.  This 
characteristic  may  prove  to  be  of  such  over-riding  importance  that  a  new 
approach  to  mix  design  is  necessary.  The  essence  of  such  an  approach 
would  be  the  provision  of  sufficient  FA  to  absorb  reactive  species  released 
by  the  PC.  This  might  involve  increased  PC  +  FA  and  water,  with 
concomitant  reduction  in  aggregate  and  in  fineness  modulus. 

Dimensional  changes  such  as  shrinkage  and  creep  affect  the  distribution  of 
load  between  steel  and  concrete  in  columns,  the  deflection  of  beams  and 
slabs  and  cracking  where  displacements  are  restrained.  In  the  case  of  PC 
concrete,  both  creep  and  shrinkage  depend  on  the  volume  ratio  of  hydration 
products  and  the  movement  of  pore  water  caused  by  drying  and  by 
mechanical  load.  The  nature  of  the  hydration  products  varies  with  PC/FA 
ratio  and  thus  quantities  such  as  the  internal  surface  area,  the  hydraulic 
mean  radius  of  pores  and  the  effective  modulus  -  the  ratio  of  stress  to  total 
strain  -  must  be  evaluated. 

W4.2 

USE  OF  FLYASH  IN  CONCRETE  -  A  EUROPEAN  VIEW. 

Peter  L.  Pratt,  Department  of  Materials,  Imperial  College, 
Prince  Consort  Road,  London  SW7  2BP,  England. 

The  use  of  flyash  in  concrete  is  presented  from  the 

European  point  of  view.  The  usage  varies  by  country  from 
as  high  as  96%  in  the  case  of  Holland,  to  10%  in  the  UK. 
Benef iciation  of  the  flyash  is  being  used  to  improve  the 
properties  of  the  final  concrete  while  mixed  blends  of 
flyaah  with  silica  fume  and  superplasticiser  are  being 
developed  to  make  high  grade,  high  strength  concretes. 

Studies  of  the  consumption  of  flyash  by  the  pozzolanic 
reaction  with  calcium  hydroxide  are  becoming  more  and  more 
sophisticated  and  details  of  the  pozzolanic  calcium 
aluminate  and  calcium  silicate  hydrates  are  becoming 

increasingly  clear.  Their  role  in  aiding  strength  develop¬ 
ment  and  in  improving  the  durability  of  concrete  is  well 
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established  and  a  number  of  different  ways  in  which  they 
can  reduce  chloride  attack,  carbonation  and  alkali-silica 
reaction  has  been  identified.  The  importance  of  proper 
curing  of  the  low-lime  Class  F  flyashes  commonly  available 
in  Europe  is  well  understood  but  the  conditions  necessary 
for  this  to  occur  are  not  always  employed  on  construction 
sites.  Recent  work  in  the  UK  has  determined  the  effect  of 
relative  humidity  upon  the  pozzolanic  reaction  and  the 
hydration  reaction  and  from  this  it  should  be  possible  to 
determine  adequate  curing  regimes  for  a  wide  range  of  sizes 
of  concrete  structure  and  of  drying  conditions. 

W4.3 

RESISTANCE  OF  FLY  ASH  MORTARS  TO  SULPHATE  ATTACK  IN 
A  CONTROLLED  ENVIRONMENT.  Robert  L  Day  and  J.  Konecny, 
Dept,  of  Civil  Engineering,  University  of  Calgary,  Alberta,  Canada 

Sulphate-expansion  tests  were  performed  on  mortar  bars 
manufactured  with  two  types  of  subbituminous  fly  ash  and  two 
types  of  cement.  One  fly  ash  was  from  Alberta,  Canada  while  the 
second,  a  high-calcium  ash.  was  from  the  United  States.  Ordinary 
and  sulphate-resistant  cements  were  used  in  the  examination. 

Bars  were  exposed  to  attack  when  they  reached  a  given  strength 
level.  Some  bars  were  soaked  in  a  mixed  solution  of  sodium  and 
magnesium  sulphate  under  controlled  conditions;  the  pH  of  each 
solution  was  maintained  at  either  7  or  9.5  by  regular  additions  of 
sulphuric  add.  For  other  bars  the  pH  of  the  solution  was 
uncontrolled  and  was  allowed  to  reach  its  natural  equilibrium  state. 
Behaviour  of  bars  in  water  baths  where  pH  was  maintained 
constant  was  also  examined.  Bars  were  soaked  in  individual 
three-bar  groups  so  that  possible  correlation  between  (a)  amount 
of  add  added  and  (b)  linear  bar  expansion  with  time  could  be 
observed.  Post-expansion  examinations  induded  strength 
degradation,  qualitative  X-ray  analysis  and  thermal  analysis. 

Results  show  some  interesting  correlations,  or  lack  therof,  between 
add  addition  and  sulphate  attack.  Mortars  made  with  the  Alberta 
ash  performed  better  than  the  corresponding  control  mortars; 
however,  in  a  mixed  magnesium/sodium  solution  expansions  were 
much  greater  than  in  previous  tests  where  only  sodium  sulphate 
was  used.  Bars  made  with  the  U  S.  ash  performed  very  poorly 
under  all  conditions. 

W4.4 

PERFORMANCE  OF  A  FLY  ASH  STABILIZED  PAVEMENT.  Joaklni  G. 
Layuros .  the  University  of  Oklahoma,  Norman,  OK;  Curt 
Hayes,  ODOT.  Oklahoma  City,  OK. 

An  expansive  shale  roadbase,  stabilized  with  a  Class  C 
(high-calcium)  fly  ash  received  a  6- inch  asphaltic 
surface  and  the  highway  was  opened  to  traffic  six  years 
ago.  Periodic  sampling  and  visual  observations  indicate 
that  the  performance  of  the  pavement  test  sections  are 
above  average. 

Analyses  of  field  samples  showed  that  fly  ash,  either 
alone  or  mixed  with  lime  and  cement,  was  effective  Tn 
ameliorating  the  texture  and  plasticity  of  the  shale  and 
imparting  strength  to  it  on  a  long  term  basis.  Pavement 
deflections  and  the  extent  of  cracking  have  not  Increased 
beyond  acceptable  levels  during  the  six  year  period. 

XRD  studies  show  a  reduction  of  the  areas  under  the  peaks 
and  the  SEM  observations  reveal  a  dense  degree  of  packing 
and  reduction  of  the  void  areas.  These  modifications 
occur  during  the  first  two  years  of  service  and  any 
changes  beyond  that  period  appear  to  be  minor. 


W4.5 

THE  EFFECT  ON  CEMENT  MORTAR  AND  CONCRETE  BY 
ADMIXTURE  OF  SPRAY  DRYING  ABSORPTION  PRODUCTS. 
Kirsten  G.  Jeppesen,  The  Institute  of  Mineral 
Industry,  The  Technical  University  of  Denmark, 
DK-2800  Lyngby. 

Studies  of  the  SDA-containing  mortars  mentioned 
at  the  MRS  Fall  Symposium  1987  have  been  con¬ 
tinued  and  the  state  of  the  sulphur  has  been 
tested . 

A  full  scale  project  concerning  3  front  elements 
from  concrete  containing  20  and  30  ut.I  spray 
drying  absorption  products(SDA )  is  kept  under 
observation  for  development  of  strength, 
mineralogical  composition  and  corrosion  for 
the  2 .  year . 

The  use  of  SDA  as  filler  for  mortar  and  concrete 
has  been  studied  and  methods  for  decomposing 
the  SDA-a gg 1 omera t es  has  been  developed.  In 
addition  the  influence  of  chemical  composition 
and  grain  size  distribution  in  SDA  has  been 
studied. 

An  u n t ra d i t i onal  frost-thaw  experiment  has  been 
made  which  includes  SDA-  and  PC-mortars  shows 
the  effect  of  su per plas t icizers . 

The  setting  time  and  water  requirement  for  mor¬ 
tars  containing  different  kinds  and  quantities 
of  SDA  have  been  studied. 

The  possibility  of  using  SDA  containing  4*  Cl 
from  NaCl  in  seawa t er ( pr ocesswa t er  )  is  under 
examination  . 

W5.1 

EVALUATING  THE  USE  OF  PONDED  FLY  ASH  IN  A  ROADWAY  BASE 
COURSE.  David  0.  Hunsucker.  Kentucky  Transportation  Center, 
Lexington,  KY;  and  R.  Clark  Graves,  Kentucky  Transportation 
Center,  Lexington,  KY. 

This  report  summarizes  findings  of  laboratory  and  field 
trial  evaluations  of  ponded  fly  ash  as  a  component  of  a 
stabilized  aggregate  base  course.  Ponded  fly  ash  is  the 
fine  portion  of  pond  ash  which  is  a  by-product  of  coal 
burning  processes  and  is  disposed  of  by  sluicing  to  a 
disposal  pond. 

Three  stabilized  aggregate  base  mixtures  containing  various 
proportions  of  dense  graded  aggregate,  ponded  fly  ash,  and 
hydrated  lime  were  evaluated  in  the  laboratory  relative  to 
maximum  dry  density,  optimum  moisture  content,  unconfined 
compressive  strength,  and  static  chord  modulus  of 
elasticity.  The  mixture  that  was  selected  for  field  trial 
evaluation  had  the  highest  unconfined  compressive  strength 
and  consisted  of  841  dense  graded  aggregate,  1 11  ponded  fly 
ash,  and  5X  hydrated  lime. 

A  750-foot  section  of  a  22-foot  wide  roadway  was 
constructed  in  Mav  1988.  Approximately  83  tons  of  ponded 
fly  ash  were  utilized  in  constructing  the  experimental 
base.  Prior  to  construction,  in-place  California  Bearing 
Ratio  tests,  moisture  content  determinations  and  Road  Rater 
deflection  tests  were  performed  to  characterize  the 
prepared  subgrade.  The  stabilized  aggregate  base  was  placed 
in  one  8-inch  lift.  During  construction,  relative 
compaction  and  moisture  content  of  the  base  material  were 
monitored  by  means  of  nuclear  devices.  Post  construction 
evaluations  Included  Road  Rater  deflection  tests  on  the 
base  and  asphaltic  concrete  layers,  and  coring  to  obtain 
samples  for  laboratory  evaluation. 

To  date,  the  section  containing  the  stabilized  aggregate 
base  is  performing  very  well  in  comparison  to  the 
conventionally  designed  section. 
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W5.2 


state-of-the-art  in  mwc  ash  disposal 

TECHNIQUES  AND  DESIGN  REQUIREMENTS . 

Keith  E.  Forrester.  PE,  Whaelabrator 
Environmental  Systems,  Inc.,  55  Ferncroft 
Road,  Danvers,  MA  01923. 


This  paper  presents  the  current  practices 
employed  by  WES  at  its  state-of-the-art 
ash  landfills.  The  use  of  ash  as  an  engineered 
material  versus  the  disposal  a6  a  loose  waste 
is  the  major  direction  of  land  application 
now  being  employed.  By  utilizing  simple  civil 
engineering  methods,  historically  used  in  soil 
cement  and  standard  soil  foundation  applications, 
this  mwc  ash  is  treated  more  liXe  an  aggregate 
cement  matrix  than  a  solid  waste. 

The  application  of  the  methods  results  in 
phenomenal  physical  and  geotechnical/geochemical 
changes  within  the  mixed  MWC  ash.  Subsequent 
design  considerations  for  ash  runoff  control, 
treatment  and  storage  are  discussed  as  well  as 
suggested  design  changes  for  leachate  collection 
and  control,  daily  cover/interim  cover/final  cover 
use  and  post  closure  site  utilization. 

Empirical  and  laboratory  demonstrated  parameter 
changes  in  K„,  transport  kinetics,  runoff  co¬ 
efficients,  density,  UCS,  visual  observations, 
triaxial  strengths  and  solubility/leaching  results 
are  presented  in  defense  of  the  papers  conclusions 
and  recommendations  for  future  MWC  ash  disposal 
practices. 

W5.3 

ENVIRONMENTAL  ASSESSMENT  OF  BOTTOM  ASH  USED  IN 
ROAD  STABILIZATION.  Asmarre  Atalay  and  Joakiis  C. 

Laguros,  Unlvereslty  of  Oklahoma,  Civil  Engine¬ 
ering  and  Environmental  Science,  Norman,  Oklahoma. 

Large  amounts  of  fly  ash  and  bottom  ash  are  being 
produced  by  electric  power  plants  and  other 
facilities.  While  both  fly  ash  and  bottom  ash  are 
currently  being  disposed  In  land  fills,  fly  ash 
Is  found  to  be  a  useful  admixture  to  cement  to 
make  concrete.  The  usefulness  of  bottom  ash  as  a 
soil  stabilizer  for  unpaved  roads  Is  also  being 
recognized.  However,  because  of  the  levels  of 
trace  metals  and  organics  present  In  the  ash, 
there  Is  Increasing  Interest  on  the  environmental 
problems  that  may  result  from  the  surface  appli¬ 
cation  of  these  wastes. 

Soli,  water  and  vegetation  aamplea  were  collected 
from  sites  where  bottom  ash  had  bean  used  to 
stabilize  unpaved  roads  In  Oklahoma.  Similar 
samples  were  also  collected  from  a  fly  ash  sta¬ 
bilized  road  In  the  subsurface,  and  from  a  fly 
ash  disposal  site.  In  addition,  fly  ash,  bottom 
ash,  and  coal  samples  war a  analyzed  for  metal* 
and  organics  contents.  Metals  were  analyzed  by 
an  Inductively  Coupled  Plasma  (ICP)  and  the 
organics  by  a  Gas-liquid  Chromatograph. 

Retultt  indicated  that  fly  aah  used  in  the  roadbed 
had  no  significant  affect  on  the  vegetation  and 
water  quality  in  the  lmatdate  vicinity.  Surface 
applied  bottom  aah  ahowed  significant  leaching  of 
tract  metals  Into  the  nearby  streams  and  lakes, 
however,  it  had  no  detrimental  affect  on  the 
surrounding  vegetation. 
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SYMPOSIUM  X- 

^SSSfS*" 

for  the  Nonspedalist 

November  27 -30, 1989 


Chair 

Rustum  Roy 


The  Pennsylvania  State  University 
University  Park,  PA  16802 
(814)  865-3421 


FRONTIERS  OF  MATERIALS  RESEARCH 
A  Symposium  Crossing  All  Symposia 
Nonspecialist 

November  27  -  December  1,  1989 

Chair:  Rustum  Roy 

TV  SESSION:  THE  NEW  FRONTIERS 
Monday,  November  27 
12:00  -  1:30  p.m. 

Staffordshire  Room  (W) 

The  society  will  initiate  this  year  an 
experiment  in  new  ways  of  reporting  research 
results. 

Five  papers  reporting  the  "hottest,"  up-to- 
the-minute  advances  in  the  field  and  repre¬ 
sentative  of  the  scope  of  materials  research 
will  be  broadcast  live  by  satellite  to 
industrial  research  laboratories ,  univer¬ 
sities  and  others. 

For  satellite  hook-ups  in  your  institution, 
call  NTU  for  industry  (303-484-0565)  or  PBS 
for  universities  (1-800-257-2578). 

12:05  *XNF1 . 1 

NEW  STEELS  BY  DESIGN,  G.B.  Olson.  Department 
of  Materials  Science  and  Engineering  and 
Materials  Research  Center,  Northwestern 
University,  Evanston,  IL. 

12:20  "XMF1.2 

DIAMOND  SCHOTTKY  DIODES  BASED  ON  GROWTH  OF 
THICK  (>100u)  B-DOPED  HOMOEPITAXIAL  FILMS, 
G.  Gildenblat,  S.A.  Grot,  C.W.  Hatfield, 
C.R.  Wronski,  A.R.  Badzian,  T.  Badzian  and 
R.  Messier,  The  Pennsylvania  State  Univer¬ 
sity,  University  Park,  PA. 

12:35  »XNF1.3 

MATERIALS  SYNTHESIS  UTILIZING  BIOLOGICAL 
PROCESSES,  Lynn  Oehler,  Chris  Hobbs,  Mark 
Mastandrea  and  Mark  Bednarski .  Lawrence 
Berkeley  Laboratories,  The  Center  for  Ad¬ 
vanced  Materials,  Berkeley,  CA. 

12:60  *XMF1.4 

LIQUID  CRYSTALLINE  MATERIALS  FOR  POLYMER 
WITH  ANISOTROPIC  ULTRASTRUCTURES,  G.S. 
Attard .  The  University,  Southampton,  United 
Kingdom. 

1:05  "XHFJL.5 

PULSED  UV-LASER  PROCESSING  FOR  ULTRA-HIGH¬ 
SPEED  DEVICE  TECHNOLOGY,  Thomas  W.  Siomon. 
Stanford  University,  Stanford,  CA;  Kurt  H. 
Weiner,  Lawrence  Livermore  National  Labora¬ 
tory,  Livermore,  CA;  and  Paul  G.  Carey, 
Siemens,  Munich,  West  Germany. 


SESSION  X2 

Tuesday,  NovemDer  28 
12:05  -  1:25  p.m. 

Staffordshire  Room  (W) 

12:05  *X2 . 1 

LOW-TEMPERATURE  PROCESSING  OF  NOVEL  HIGH  Tc 
SUPERCONDUCTING  THIN  FILMS  AND  APPLICATIONS, 
1,  Naravan.  North  Carolina  State  University, 
Raleigh,  NC. 

12:45  *X2 . 2 

REVIEW  AND  STATUS  OF  LANXIDE'S  TECHNOLOGIES 
FOR  REINFORCED  CERAMICS  AND  METALS,  A.W. 
Urauhart .  Lanxide  Corporation,  Newark,  DE. 

SESSION  X3 

Wednesday,  November  29 
12:05  -  1:25  p.m. 

Staffordshire  Room  (W) 

12:05  *X3 . 1 

NAN0C0MP0SITE  APPROACHES  TO  NOVEL  PROPERTIES 
IN  POLYMERS,  D.  Ulrich.  Air  Force  Office  of 
Scientific  Research,  Washington,  DC. 

12:45  *X3.»  2 

SUPERCONDUCTOR  STATUS  II:  PHYSICS  OF  HIGH  Tc 
SUPERCONDUCTIVITY,  R.C.  Dvnes .  AT&T  Bell 
Laboratories,  Murray  Hill,  NJ. 

SESSION  X4 

Thursday,  November  30 
12:05  -  1:25  p.m. 

Staffordshire  Room  (W) 

12:05  *X1.1 

ADVANCES  IN  ZEOLITES  AND  OTHER  MICROPOROUS 
MATERIALS,  David  Vaughan.  Exxon  Research  and 
Development,  Annandale,  NJ. 

12:45  «Xi-,  2 

SYNTHETIC  METALS:  A  NOVEL  ROLE  FOR  ORGANIC 

POLYMERS,  Alan _ MacDiarmid .  University  of 

Pennsylvania,  Philadelphia,  PA. 


•Invited  Paper 
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XNF1 . 1 

NEW  STEELS  BY  DESIGN,  G.B.  Olson.  Department  of 
Materials  Science  and  Engineering  and  Materials 
Research  Center,  Northwestern .  University,  Evans¬ 
ton,  IL. 

Nucleation  of  a  fine  dispersion  of  optimal-stabi¬ 
lity  equilibrium  austenite  has  produced  record 
fracture  toughness  in  AF1410  steel,  using  state- 
of-the-art  'design'  by  combining  detailed  charac¬ 
terization,  thermodynamics  (via  THERMOCALC)  and 
kinetics  of  precipitation  and  coarsening.  This 
has  led  to  the  conceptual  design  of  new  steel 
compositions  for  specific  high  performance 
applications.  New  compositions  have  been  designed 
for  enhanced  transformation  dilatancy  for  greater 
transformation  toughening. 

XNF1.2 


DIAMOND  SCHOTTKY  DIODES  BASED  ON  GROWTH  OF  THICK 
(>100(l)  B-DOPED  HOMOEPITAXIAL  FILMS,  G. 
Gildenblat,  S.A.  Grot,  C.w.  Hatfield,  C.R. 
Wronski,  A.R.  Badzian,  T.  Badzian  and  R.  Messier, 
The  Pennsylvania  State  University,  University 
Park,  PA. 

Using  microwave  plasma  CVD  we  have  been  able  to 
deposit  B-doped  single  crystal  (and  polycrystal¬ 
line)  homoepitaxial  diamond  layers  >150(i  thick  on 
natural  single  crystals.  Schottky  diodes  with 
excellent  rectifying  characteristics  were  obtained 
using  a  single  crystal  homoepitaxial  b?  e.  As  in 
the  case  of  Schottky  didoes  with  a  puJ /crystalline 
diamond  base,  diode  characteristics  are  controlled 
by  deep  acceptors. 

Additional  treatment  of  the  homoepitaxial  film 
surface  can  induce  the  transition  from  rectifying 
to  ohmic  behavior  of  the  metal/CVD  diamond 
contacts . 

XNF1 . 3 

MATERIALS  SYNTHESIS  UTILIZING  BIOLOGICAL 
PROCESSES,  Lynn  Oehler,  Chris  Hobbs,  Mark 
Mastandrea  and  Mark  Bednarski .  Lawrence  Berkeley 
Laboratories,  The  Center  for  Advanced  Materials, 
Berkeley,  CA. 

We  report  on  a  program  to  use  enzymatic  methods  of 
polymerization  and  surface  modification  to  prepare 
new  polymeric  materials  from  unnatural  monomers  in 
the  areas  outlined  below.  (l)  The  chemical- 
enzymatic  synthesis  of  fluorinated  and  sulfated 
polysaccharides  using  glycogen  phosphorylase, 
sucrose  phosphorylase  and  lysozyme;  (2)  the 
chemical  and  enzymatic  modification  of  semiconduc¬ 
tor  materials  and  other  polymers,  and  the  use  of 
these  materials  to  study  the  interfacial  proper¬ 
ties  associated  with  the  binding  of  bacteria  and 
viruses. 


XNri.4 

LIQUID  CRYSTALLINE  MATERIALS  FOR  POLYMERS  WITH 
ANISOTROPIC  ULTRASTRUCTURES,  G.S.  Attard.  The 
University,  Southampton,  United  Kingdom. 

Materials  with  anisotropic  ultrastructures  can  be 
obtained  by  constructing  polymers  with  anisometric 
groups  in  the  main-chain,  as  pendant  side-chains, 
or  a  combination  of  both.  Using  this  approach  it 
is  therefore  possible  to  design  multifunctional 
materials  whose  properties  are  optimised  with 
respect  to  particular  applications.  Examples  of 
high  Tg  photoactive  LC  side-chain  polymers  with 


potential  as  n.l.o.  materials  will  be  described. 
In  order  to  achieve  greater  control  on  the 
ultrastructure  another  approach  is  required.  This 
involves  the  use  of  polymerisable  LC  monomers 
whose  mesomorphic  structure,  whether  lyotropic  or 
thermotropic,  can  be  locked  by  in  situ  polymerisa¬ 
tion.  Using  this  route  it  is  possible  to  prepare 
polymers  with  a  range  of  anisotropic  ultrastruc¬ 
tures.  Examples  of  such  polymeric  materials 
derived  from  thermotropic  and  lyotropic  LC  phases 
will  be  described. 

XNF1.5 

PULSED  UV-LASER  PROCESSING  FOR  ULTRA-HIGH-SPEED 
DEVICE  TECHNOLOGY,  Thomas  W.  Sigmon.  Stanford 
University,  Stanford,  CA;  Kurt  H.  Weiner,  Lawrence 
Livermore  National  Laboratory,  Livermore,  CA;  and 
Paul  G.  Carey,  Siemens,  Munich,  West  Germany. 

We  have  used  pulsed  uv-laser  doping  and  selective 
epitaxy  for  vertical  scaling  of  junctions  for 
silicon  MOS  and  bipolar  structures  and  fabrication 
of  selective  heterostructure  layers.  Successful 
applications  in  the  fabrication  of  submicron 
MOSFETs  and  narrow  base  bipolar  transistors  in 
silicon  will  be  presented.  Results,  both  struc¬ 
tural  and  electrical,  on  the  fabrication  of 
heterostructures  layers  in  the  GexSi3_x  and 
InjjGai.jjAs  material  systems  will  be  presented. 

X2.1 

LOW-TEMPERATURE  PROCESSING  OF  NOVEL  HIGH  Tc 
SUPERCONDUCTING  THIN  FILMS  AND  APPLICATIONS, 
Naravan.  North  Carolina  State  University,  Raleigh, 
NC. 

This  talk  reviews  the  progress  made  in  the 
formation  of  superconducting  thin  films.  Epitax¬ 
ial  films  which  can  sustain  current  densities  up 
to  6 .0x10®  A  cm-2  at  77K  have  been  fabricated 
using  "in-situ"  pulsed  laser  deposition  techni¬ 
ques.  Details  of  epitaxial  growth  and  correlations 
between  microstructure  and  superconducting 
properties  of  high-T0  thin  films  will  be  high- 
1 ighted . 

X2.2 

REVIEW  AND  STATUS  OF  LANXIDE'S  TECHNOLOGIES  FOR 

REINFORCED  CERAMICS  AND  METALS,  A...W, _ UrgUhaft. 

Lanxide  Corporation,  Newark,  DE. 

This  paper  is  intended  to  update  the  MRS  audience 
on  the  current  status  of  Lanxide' s  novel  tech¬ 
nologies  for  ceramic  and  metal  matrix  composites. 
Included  will  be  a  short  review  of  the  processing 
methods,  a  description  of  properties  and  perfor¬ 
mance  characteristics  achieved,  and  a  brief 
summary  of  applications  being  addressed  and  the 
current  commercialization  status. 

X3.1  ABSTRACT  NOT  AVAILABLE 

X3.2 

SUPERCONDUCTOR  STATUS  IIS  PHYSICS  OF  HIGH  Tc 
SUPERCONDUCTIVITY,  R.C.  Dynes  ■  AT&T  Bell  Labora¬ 
tories,  Murray  Hill,  NJ. 

The  number  of  known  high  Tc  phases  and  our 
understanding  of  the  physics  underlying  high  Tc 
superconductivity  have  both  grown  dramatically  in 
the  three  years  since  La2-xBaxCu04  was  identified 
as  a  3 OK  superconductor.  Recent  advances  include 
measurements  of  reproducible  tunneling  data  on 
YBa2Cu307.  This  talk  summarizes  the  current  state 
of  research  on  high  temperature  superconducting 
oxides. 
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X4.2  ABSTRACT  NOT  AVAILABLE 
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SPECIALTY  CEMENTS  WITH  ADVANCED  PROPERTIES 

November  27-29,  1989 

SESSION  VI :  PHOSPHATE  CEMENTS 
Chair:  A.  Landers 

Monday  Morning,  November  27 
Adams  Room  (W) 

8:30  INTRODUCTION  BY  SYMPOSIUM  CHAIRS 

8:40  INTRODUCTION  BY  SESSION  CHAIR,  A. 

Landers 

8:45  *Y1 . 1 

SELF-SETTING  CALCIUM  PHOSPHATE  CEMENT, 
Laurence  C.  Chow.  American  Dental  Associa¬ 
tion  Health  Foundation,  Paffenbarger 
Research  Center,  National  Institute  of 
Standards  and  Technology,  Rockville,  MD. 

9:30  Y1.2 

THE  SOLUTION  CHEMISTRY  OF  CALCIUM  PHOSPHATE 
CEMENT,  Paul  W.  Brown.  David  Sample  and 
Nancy  Hocker,  Pennsylvania  State  University, 
Department  Materials  Science,  University 
Park,  PA. 

10:00  Y1.3 

CALCIUM  PHOSPHATE  DENTAL  CEMENT,  Like  Xie . 
and  E.A.  Monroe,  Alfred  University,  New  York 
State  College  of  Ceramics,  Alfred,  NY. 

10:30  BREAK 

10:45  Y1.4 

LOW- TEMPERATURE  (<3DD°C)  PHOSPHATE  CERAMICS 
FROM  REACTIVE  ALUMINAS,  M.R.  Silsbee.  R. 
Steinke,  D.M.  Roy,  D.  Agrawal  and  R.  Roy, 
Pennsylvania  State  University,  The  Materials 
Research  Laboratory,  University  Park,  PA. 

11:15  Y1.5 

INVESTIGATIONS  ON  PHOSPHATE  CEMENTS  HARDEN¬ 
ING  AT  ROOM  TEMPERATURE,  Alfred  Ziirz  and 
Ivan  Odler .  Technical  University  of  Claus- 
thal.  Institute  of  Nonmetallic  Materials, 
Clausthal-Zellerfeld,  West  Germany. 

SESSI.QN  IZl _ SPECIAL  PROCESSING  fl)  -  DSP 

Chair:  L.  Struble 

Monday  Afternoon,  November  27 
Adams  Room  (W) 

12:55  INTRODUCTION  BY  L.  STRUBLE 

1:00  *Y2.1 

ELEVATED  TEMPERATURE  BEHAVIOR  OF  DSP-TYPE 
CEMENTS,  Sean  Wise.  CEMCOM  Corporation, 
Lanham ,  MD . 


1:45  Y2.2 

PORE  STRUCTURE  OF  DSP  PASTES  DETERMINED  BY 
LOW  ANGLE  SCATTERING,  T . A .  Bier.  University 
of  Illinois,  Center  for  Cement  Composite 
Materials,  Urbana,  IL;  J.  Olek,  D.  Winslow, 
Purdue  University,  Department  of  Civil 
Engineering,  West  Lafayette,  IN;  and  J.F. 
Young,  University  of  Illinois,  Center  for 
Cement  Composite  Materials,  Urbana,  IL. 

2:15  BREAK 

SESSION  Y2 :  RELATED  TOPICS  WITH 
GENERAL  INTEREST  fl) 

Monday  Afternoon,  November  27 
Adams  Room  (W) 

2:30  Y2.3 

A  STUDY  OF  LOW  POROSITY  POLYMERIZED 
PASTE,  Lu  Pina.  Zhao  Jin  and  Shen  Wei, 
Tongji  University,  Department  of  Materials 
Science  and  Engineering,  Shanghai,  China. 

3:00  Y2.4 

MORPHOLOGY  AND  LONG  TERM  BEHAVIOR  OF  POLYMER 
CEMENT  CONCRETE  (PCC),  K . P .  Grosskurth . 

Technical  University  Braunschweig,  Institut 
fur  Baustoffe,  Massivbau  und  Brandschutz, 
Braunschweig,  West  Germany. 

3:30  Y2.5 

PREPARATION  AND  PROPERTIES  OF  ZNO-PAA 
CEMENTS,  A.  Padilla,  A.  Vazquez,  UNAM, 
Instituto  de  Investigaciones  en  Materiales, 
Mexico,  Mexico;  V.M.  Castano.  UNAM,  In¬ 
stituto  de  Fisica,  Mexico,  Mexico. 

4:00  Y2.6 

MICROSTRUCTURE,  MASS  TRANSPORT  AND  DEN- 
SIFICATION  OF  SLAG-CEMENT  PASTES,  O.L.  Feng 
and  F.P.  Glasser,  University  of  Aberdeen, 
Department  of  Chemistry,  Old  Aberdeen,  Scot¬ 
land. 

4 : 30  Y2.7 

HIGH  WATER  CEMENT  RATIO  CLAY  CEMENT  GROUTS, 
Stephan  A.  Jefferis,  Queen  Mary  College, 
University  of  London,  Department  of  Civil 
Engineering,  London,  United  Kingdom. 

SESSION  Y3 :  NEW  CEMENT  SYSTEMS 
Chair:  Paul  W.  Brown 

Tuesday  Morning,  November  28 
Adams  Room  (W) 

8:25  INTRODUCTION  BY  SESSION  CHAIR, 

Brown 

8:30  *Y3 . 1 

STRATLINGITE-HYDROXYGARNET  CEMENTS  FROM 
Ca0-Al203-Si02  GLASSES,  John  F.  Macdowell. 
Corning  Inc.,  Corning,  NY. 
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9:15  Y3.2 

CHARACTERIZATION  AND  CEMENTITIOUS  BEHAVIOR 
OF  A  NEW  REACTIVE  ALUMINA,  D.K.  Aarawal  . 
N.R.  Silsbee,  and  R.  Roy,  Pennsylvania  State 
University,  The  Materials  Research  Labora¬ 
tory,  University  Park,  PA. 

9:45  Y3.3 

THE  HYDRATION  AND  CALCINATION  MECHANISM  OF 
CALCIUM  ALUMINATE  BASED  ULTRA-HIGH  STRENGTH 
CEMENT  WITH  CALCIUM  SULPHOALUMI NATE  COM¬ 
POUND,  Iwao  Mino,  Etsuo  Sakai,  Asaaki 
Nishioka,  Denki  Kagaku  Kogyo  K.K.  Research 
Center,  Tokyo,  Japan;  and  Masaki  Daimon . 
Tokyo  Institute  of  Technology,  Department  of 
Inorganic  Materials,  Tokyo,  Japan. 

10:15  BREAK 

10:30  *Y3 . 4 

PYRAMENT  —  A  CEMENT  FOR  THE  21ST  CENTURY — 
AVAILABLE  NOW,  William  D.  Kirkpatrick.  Lone 
Star  Industries,  Research  and  Development 
II,  Pyrament  Division,  Houston,  TX. 

11:15  Y3.5 

NEW  RAPID  SETTING  ALKALI  ACTIVATED  CEMENT 
COMPOSITIONS,  D.M.  Roy  and  M.R.  Silsbee, 
Pennsylvania  State  University,  The  Materials 
Research  Laboratory,  University  Park,  PA. 

11=45  Y3.6 

CORROSION  BEHAVIOR  OF  CONCRETE  MADE  WITH 
PYRAMENT  CEMENT,  Harovel  G.  Wheat.  Univer¬ 
sity  of  Texas  at  Austin,  Mechanical  Engi¬ 
neering  Department,  Austin,  TX. 

12:15  Y3.7 

ALKALI  ACTIVATED  SLAG  AND  PORTLAND/SLAG 
ULTRAFINE  CEMENTS,  William  J.  Clarke. 
Geochemical  Corporation,  Ridgewood,  NJ ;  and 
Maan  Helal,  Northwestern  University, 
Evanston,  IL. 

SESSION  Y4 :  SPECIAL  PROCESSING  .(II)  -  MDF 
Chair:  I.  Odler 

Tuesday  Afternoon,  November  28 
Adams  Room  (W) 

1:25  INTRODUCTION  BY  SESSION  CHAIR, 

I.  Odler 

1:30  *Y4 . 1 

MDF  -  AN  OVERVIEW,  J.  Francis  Young. 
University  of  Illinois,  Urbana ,  Center  for 
Cement  Composite  Materials,  Urbana,  IL. 

2:15  X-U2 

FRACTURE  TOUGHNESS  OF  MACRO-DEFECT-FREE 
(MDF)  CEMENTS  BY  INDENTATION  TECHNIQUE, 
V'eona-Shyung  Chou .  J.J.  Mecholsky  Jr.,  M.R. 
Silsbee,  D.M.  Roy,  J.  Adair,  and  P.  Heiland, 
Pennsylvania  State  University,  The  Materials 
Research  Laboratory,  University  Park,  PA. 


2:45  Y4 ■ 3 

THE  CHEMISTRY  OF  MDF  CEMENTS  PRODUCED  FROM 
POLYACRYLAMIDE-CEMENT  WATER  PASTES,  M.R. 
S i 1 sbee .  D.K.  Roy,  Pennsylvania  State 
University,  Materials  Research  Laboratory, 
University  Park,  PA. 

3:15  BREAK 

3:30  Y4.4 

IMPROVING  THE  WATER  RESISTANCE  OF  MACRO¬ 
DEFECT-FREE  CEMENT,  M.  Berg,  P.P.  Russell 
and  J.F.  Young.  University  of  Illinois, 
Center  for  Cement  Composite  Materials, 
Urbana,  IL. 

4:00  Y4 ■ 5 

A  VIEW  OF  MDF  PASTES,  M.R.  Silsbee.  M. 
Perez-Pena  and  D.M.  Roy,  Pennsylvania  State 
University,  The  Materials  Research  Labora¬ 
tory,  University  Park,  PA. 

4:30  Y4.6 

PORTLAND  CEMENT  -  BASED  MDF  CEMBENTS ,  J^. 
Falkner .  and  J.  Francis  Young,  University  of 
Illinois,  Urbana,  Center  for  Cement  Com¬ 
posite  Materials,  Urbana,  IL. 

SESSION  Y5 :  RELATED  TOPICS  WITH 
GENERAL  INTEREST  (in 
Chair:  P.  Pratt 

Wednesday  Morning,  November  29 
Adams  Room  (W) 

8:25  INTRODUCTION  BY  P.  PRATT 

8:30  Y5.1 

CHEMICALLY  BONDED  CERAMICS,  Paul  W.  Brown. 
Pennsylvania  State  University,  Department  of 
Materials  Science,  University  Park,  PA. 

9:00  Y5.2 

THE  PROPERTIES  OF  GYPSUM  -  FREE  PORTLAND 
CEMENTS,  Tomas  Vsetefcka.  Building  Research 
Institute,  Prague,  Czechoslovakia;  Frantisek 
Skvara  and  Jaroslav  Hrazdira,  Czechoslovakia 
Academy  of  Science,  Institute  of  Glass  and 
Ceramics  Chemistry,  Prague,  Czechoslovakia; 
and  Pius  burovec,  Cementwork  Prachovice, 
Prachovice,  Czechoslovakia. 

9:30  Y5 . 3 

LEACHABILITY  OF  CEMENT  SOLIDIFIED  INCINER¬ 
ATOR  WASTE,  Tahar  El-Korchi.  Worcester 
Polytechnic  Institute,  Worcester,  MA;  David 
L.  Gress  and  Robin  Collins,  University  of 
New  Hampshire,  Department  of  Civil  Engineer¬ 
ing,  Durham,  NH. 

10:00  BREAK 
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10:15  Y5 J. 

THE  CHEMISTRY  OF  AL-TOBERMORITE  AND  ITS 
COEXISTING  PHASES  AT  175°C,  Marv  W.  Barnes 
and  Barry  E.  Scheetz,  Pennsylvania  State 
University,  Materials  Research  Laboratory, 
University  Park,  PA. 

10:45  Y5.5 

NUMERICAL  SIMULATION  OF  THE  FREEZING  PROCESS 
AND  HYDRAULIC  PRESSURE  FIELDS  IN  A  CEMEN¬ 
TITIOUS  MATRIX,  Tahar  El-Korchi.  John  M. 
Sullivan  Jr.  and  Andreas  N.  Alexandrou, 
Worchester  Polytechnic  Institute,  Worches- 
ter,  MA. 

11:15  Y5.6 

STRUCTURE  AND  PROPERTIES  OF  ALKALI  SILICATE 
BASED  BINDERS,  Ivan  Odler  and  Ulrich 
Hennicke,  Technical  University  of  Clausthal, 
Institute  of  Nonmetallic  Materials,  Claus- 
thal-Zellerfeld,  West  Germany. 

11:45  CLOSING  REMARKS  BY  SYMPOSIUM  CHAIR 
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Yl.l  ABSTRACT  NOT  AVAILABLE 
Y1.2  ABSTRACT  NOT  AVAILABLE 
Y1.3 

CALCIUM  PHOSPHATE  DENTAL  CEMENT.  Like  Xie  and  E. 
A.  Monroe,  New  York  State  College  of  Ceramics,  Alfred 
University,  Alfred,  NY,  14802. 


Cement  systems  composed  of  mixtures  of  various  calcium  phosphate 
powders  and  aqueous  solutions  of  H3PO4,  Ca(OH)2  or  NagSiCU  which 
can  yield  a  reaction  product  of  hydroxyapatite,  Cas(P04)3(0H),  were 
Investigated.  The  Investigated  powder  mixtures  contained 
tetracalcium  phosphate(Ca4P20g)  plus  one  of  the  following: 
brushlte(CaHP04.2H20),  monetlte(CaHP04),  tricaldum  phosphate 
(Ca3(PC>4)2),  and  octacalcium  phosphate(CagH2(P04)6.5H20).  In 
order  to  determine  the  optimal  conditions  for  cement  setting 
reactions,  first  reactions  of  powder  mixture  In  dilute  solutions  were 
performed.  Using  these  dilute  solution  reactions  as  a  foundation, 
cement  systems  were  then  formulated.  The  reaction  products  of 
cement  system  were  characterized  by  both  powder  X-ray  diffraction 
analysis  and  Infrared  spectroscopy. 

The  cement  system  of  tetracalcium  phosphate  and  brushlte  hardened 
Into  a  solid  composed  of  hydroxyapatite  within  a  reasonable  short 
time.  The  setting  time  and  strength  depended  on  both  composition  and 
content  of  liquid.  AddHIves  of  CaF2  end  hydroxyapatite  promoted  the 
formation  of  hydroxyapatite  and  reduced  the  setting  time. 

The  blocompatlbillty  was  also  Investigated  by  implanting  cement  into 
the  jaw  bone  of  rats  for  up  to  12  weeks,  and  evaluating  them  both 
clinically  and  histologically  by  microscopy  and  SEM.  The  results 
Indicated  that  the  cement  containing  tetracalcium  phosphate  and 
brushtte  was  the  optimum  composition  for  both  biocompatiblllty  and 
short  setting  time. 

Y1.4 

LOW-TEMPERATURE  (<  300  °C)  PHOSPHATE  CERAMICS  FROM 
REACTIVE  ALUMINAS.  MJL  Silsbte.  R.  Steinke,  D  M.  Roy,  D. 
Agrawal,  R.Roy,  The  Materials  Research  Laboratory,  Pennsylvania  State 
University,  University  Park,  Pa. 

Reactive  aluminas  including  rapidly  calcined  gibbsites  offer  exciting 
potential  for  forming  ceramic  materials  at  low  temperatures.  New  x-ray 
amorphous  aluminas  will  react  with  water  at  room  temperatures  to  form 
compacts  with  10-50  MPa  tensile  strengths,  via  viscous  slurries.  The 
cementitious  behavior  of  these  materials  has  been  examined.  The  results 
of  TGA,  X-ray,  SEM,  isothermal  calorimetry,  mechanical  properties  and 
other  characterization  techniques  as  applied  to  these  systems  will  be 
discussed. 

Yi.5 

INVESTIGATIONS  ON  PHOSPHATE  CEMENTS  HARDENING  AT 
ROOM  TEMPERATURE:  Alfred  Ziirz  and  Ivan  Odlei :■ 
Technical  University  of  Clausthal,  Clausthai- 
Zellerf eld,  Fed . Rep . Germany 

Cements  with  high  early  strength  can  be  prepared 
from  magnesium  oxide  MgO  and  various  soluble 
phosphates.  The  strength  depends  strongly  on  the 
quality  of  the  MgO  employed  and  the  kind  of  phos¬ 
phate  and  retarder  used.  In  this  paper  various 
phophate  binder  systems  have  been  studied  and 
their  strength  properties  and  structure  are  re¬ 
ported.  Intensive  investigations  were  done  espe¬ 
cially  on  the  system  MgO/(NH4 )2HP0, . 


Y2.1  ABSTRACT  NOT  AVAILABLE 


Y2.2 

PORE  STRUCTURE  OF  DSP  PASTES  DETERMINED  BY  LOW 
ANGLE  SCATTERING.  T.  A.  Bier1.  J.  Olek*,  D.  Winslow*  and  ). 
F.  Young'  (1 )  Center  for  Cement  Composite  Materials,  University  of 
Illinois,  Urbana,  IL;  (2)  School  of  Civil  Engineering,  Purdue 
University,  W.  Lafayette,  IN. 


DSP  (Densified  with  Small  Particles)  cement  pastes  were  prepared 
using  a  high  alite  Portland  cement  and  varying  amounts  of  high  quality 
by-product  silica  fume.  Previous  work  has  shown  that  DSP  pastes 
have  a  particularly  fine  pore  structure  which  is  very  sensitive  to 
removal  of  water.  Even  solvent  replacement  drying  is  likely  to  cause 
permanent  changes.  Thus  saturated  pastes  were  examined  by  low 
angle  scattering  with  varying  hydration  times  and  fume  contents.  The 
results  will  be  compared  to  those  obtained  by  nitrogen  adsorption 
studies  on  pastes  dried  by  methanol  replacement 

Y2.3 

A  STUDY  OF  LOW  POROSITY  POLYMERIZED  B-C-S  PASTE. 
Lu  Ping,  Zhao  Jin  and  Shen  Wei,  Department  of 
Materials  Science  and  Engineering,  Tongji  Univer¬ 
sity,  Shanghai  200092,  China. 

A  high  active  B-CjS  Is  used  in  this  paper  to 
prepare  polymerized  hardened  paste  with  low  po¬ 
rosity  by  compacting  under  pressure  of  250  MPa 
in  vater/solid  ratio  of  0.12.  XRD,  MIP,  SEM-EMPA 
and  GPC  techniques  are  employed  to  detect  micro¬ 
structure  of  the  paste  before  and  after  adding 
inorganic  complex  ion  Fe*+  and  Ni2+  or  organic 
silane  VTES. 

The  test  results  indicate  that  the  inorganic 
ions  and  organic  silane  can  take  part  in  poly¬ 
merizing  reaction  during  hydration  of  the  B-C2S 
paste,  it  makes  the  content  of  polymer  in  it* 
distinctly  increase,  and  average  C/S  ratio  dec¬ 
rease  to  lover  than  0.8.  The  intrinsic  properties 
of  C-S-H  gel  in  the  paste  thus  can  be  greatly 
improved,  resulting  in  further  development  of 
mechanical  strength  of  this  low  porosity  paste. 
The  highest  compressive  strength  has  achieved 
316  MPa.  Meanwhile,  the  fracture  energy  of  the 
materials  increases  and  the  brittleness  decreas¬ 
es. 

Y2.4 

MORPHOLOGY  AMD  LOMC  TERM  BEHAVIOUR  OF  POLYMER  CEMENT 
CONCRETE  (PCC) .  K.  P.  GroBkurth.  Institut  fur  Biustoffe, 
Missivbau  und  Brandschutz,  TU  Braunschweig,  Vest-Geraany. 

PCC  represents  a  heterogeneous  material  whose  properties, 
coapared  with  conventional  concrete,  are  additionally 
influenced  by  the  strongly  temperature  dependent 
polyaeric  behaviour.  In  the  hydraulic  binder  fila-foraed 
polymers  obviously  fora  a  second  coherent  co-matrix 
system  which  couples  to  the  surface  of  the  aggregates  and 
intersperses  the  hydrated  cement  in  the  fora  of  links  and 
porous  polymeric  membranes.  Therefore  the  polymeric  co- 
matrix  system  is  able  to  absorb  and  transfer  power  due  to 
its  structural  conditions.  Because  of  their  visco-elastic 
state  under  normal  temperature  conditions  film-formed 
polymeradditives  are  only  able  to  increase  deformability 
and  to  decrease  the  elastic  modulus  and  strength  of 
concrete.  To  get  an  stabilization  effect  the  temperature 
of  application  has  to  range  below  the  glass  transition 
temperature  of  the  polymer. 

For  the  use  of  modified  concrete  it  is  important  to  have 
good  knowledge  of  its  long-term  behaviour  of  strength  and 
deformability.  Tbe  test  results  of  compressive  strength 
show  that  tbe  delayed  rise  of  strength  increases  with 
rising  polymer  content:  PCC  with  polymer  to  cement  ratio 
of  p/c  ■  0.15  will  achieve  strength  of  ordinary  cement 
concrete  only  after  two  years.  The  structure  of  polymeric 
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aitrix  aay  be  tbe  reason  for  the  delayed  hydration.  The 
polyaeric  interaediate  layers  obstruct  diffusion  proces¬ 
ses  as  these  processes  take  place  in  ceaent  hydration. 
Investigations  of  PCC-creep  under  constant  stress  indica¬ 
te  rising  deforaability  with  increasing  polyaer  content, 
because  of  their  visco-elastic  state  the  polyaeric  inter¬ 
aediate  layers  fora  slip  planes  in  the  binder. 

Y2.5 

PREPARATION  AND  PROPERTIES  OF  Zn  0-  PAA  CEMENTS.  A  Padi¬ 
lla,  A.  Vazquez,  Instituto  de  Investigaciones  en  Materia- 
les,  U.N.A.M. ,  A.  P.  70-360,  Mexico,  D.  F.  04510  and  V.  M. 
Castano,  Instituto  de  Fisica,  U.N.A.M.,  A.  P.  20-364, "Me^ 
xico,  D.  F.  01000. 

Special  low-temperature-processed  cements  based  in  ZnO  and 
polyacrilic  acid  (PAA)  were  prepared.  A  detail  study  of 
the  influence  of  various  physico-chemical  parameters  (i.e. 
viscosity,  solids  content,  polymer  content,  PH,  etc.)  upon 
the  performance  of  the  resulting  material  is  presented. 

Also,  the  mechanical  properties  (elastic  modulus,  fracture 
toughness,  etc.)  of  the  cements  were  analyzed  as  well  as 
the  corresponding  microstructure  by  using  electron  micros¬ 
copy. 

Y2.6 

MICROSTRUCTURE,  MASS  TRANSPORT  AND  DENSIFICATIOH  OF  SLAG- 
CEMENT  PASTES.  Q.L.  Feng  and  F.  P.  Glasser,  Department 
of  Chemistry,  University  of  Aberdeen,  Old  Aberdeen, 

AB9  2UE,  Scotland. 

An  important  property  of  well -cured  slag-cement  blends  is 
their  low  permeability.  The  densif Ication  process  in  slag- 
cement  blends  has  been  followed  by  electron  microscopy  and 
electron  microanalysis  to  determine  changes  to  the  matrix 
microstructure  and  mineralogy.  Briefly,  Mg  In  the  slag 
remains  on  the  Site  of  former  glassy  slag  grains,  but  com¬ 
bines  with  enough  At  to  give  a  hydrotalcite  phase:  some 
Ca  and  Si  also  remain,  probably  as  C-S-H,  but  much  Ca  and 
Si  migrate  into  the  paste  matrix.  This  transfer  of  chemi¬ 
cal  substance  provides  the  driving  force  for  matrix  densi- 
fication.  Mass  balance  calculations  are  used  to  support 
these  observations  and  to  generalize  on  them,  so  the  extent 
of  densif Ication  potential  can  be  calculated  for  various 
blend  proportions  as  well  as  for  slags  having  different 
chemical  compositions.  Specimen  calculations  are  presented. 
Quality  assurance  of  slag  is  to  be  optimized.  The  ability 
to  calculate  the  potential  for  densification,  at  least  in 
principle,  is  seen  as  an  important  step  forward  in  design 
for  durability. 

Y2.7 

HIGH  WATER  CEMENT  RATIO  CLAY  CEMENT  GROUTS  Stephan  A. 
Jefferls.  Queen  Mary  College,  University  of  London,  U.K. 

High  water/cement  ratio  clay  cement  grouts  now  find  wide 
application  in  the  formation  of  underground  cut-off  walls 
for  groundwater  control  and  toxic  waste  containment.  To 
form  a  cut-off  wall  a  trench  is  excavated  and  kept 
continuously  filled  with  the  fluid  grout  which  must 
stabilise  the  excavation  much  as  a  drilling  fluid  stabilises 
an  ollwell  during  drilling.  On  completion  of  the  excavation 
the  grout  must  set  to  form  a  material  with  strength  and 
permeability  comparable  to  that  of  a  clay.  The  grouts 
therefore  have  to  meet  rather  unusual  specifications. 

In  addition  to  their  use  In  the  field  it  has  been  found  that 
they  can  offer  great  advantages  In  the  laboratory  as 
modelling  materials  for  cement  systems.  The  high  water 
cement  ratio  makes  them  very  sensitive  to  shear  level  during 
mixing,  cement  admixtures,  deleterious  chemicals,  etc. 
Their  properties  are  also  highly  sensitive  to  the  use  of  fly 
ash  and  ground  granulated  blast  furnace  slag  as  cement 
replacements.  In  particular  it  Is  found  that  the  percentage 
replacement  rather  than  the  absolute  quantity  Is  significant 
and  It  is  possible  to  design  a  material  that  gets  weaker  as 
the  total  quantity  of  cementitious  material  Is  Increased  - 


an  effect  yet  to  be  observed  In  concrete.  The  grouts  are  of 
relatively  high  permeability  compared  with  concrete  and  so 
the  effects  of  deleterious  chemicals  can  be  investigated 
quite  rapidly.  For  example  It  Is  possible  to  demonstrate  a 
chromatographic  separation  of  adsorbed  species  -  a  phenomena 
that  wi 1 1  occur  in  concrete  but  only  over  a  very  extended 
timescale.  In  summary  these  grouts  are  useful  not  only  in 
the  field  for  their  special  application  but  also  In  the 
laboratory  as  modelling  materials  that  may  shed  new  light  on 
the  behaviour  of  cementitious  systems  and  in  a  much  shorter 
timescale  than  concrete  or  low  water  cement  ratio  grouts. 

Y3.1  ABSTRACT  NOT  AVAILABLE 

Y3.2 

CHARACTERIZATION  AND  CEMENTITIOUS  BEHAVIOR  OF  A  NEW  REACTIVE 
ALUMINA.  D.K.  Agrawal,  M.R.  Silsbee  and  R.  Roy,  Materials 
Research  Laboratory,  The  Pennsylvania  State  University, 
University  Park,  PA  16802-4801. 

Highly  reactive  alumina  (from  Rhone-Poulenc)  which  is  x-ray 
amorphous,  offers  a  great  potential  as  an  Al-source 
precursor  for  forming  low  temperautre  chemically  bonded 
ceramics.  This  alumina  was  characterized  for  its  thermal 
behavior,  structure,  hydration  reaction  kinetics  using  XRD, 
TGA,  DTA,  1R,  isothermal  calorimetry,  and  the  data  are 
compared  with  those  of  other  conventional  aluminas  and 
precursors  such  as  CX-AI2O3,  gibbsite  and  boehmite.  The 
results  of  hydration  studies  will  also  be  presented. 

Y3.3 

THE  HYDRATION  AND  CALCINATION  MECHANISM  OF  CALCIUM  ALUMINATE 
BASED  ULTRA-HIGH  STRENGTH  CEMENT  WITH  CALCIUM  SULPHOALUMINATE 
COMPOUND  Iwao  Mino*,  Etsuo  Sakai*,  Asaaki  Nishioka*.  Masaki 
Daimon",  ‘DENKI  KAGAKU  K0GY0  K.K. Research  Center.  3-5-1  Asahi- 
cho  Machida-shi. Tokyo, 194. JAPAN,  "Dept. of  Inorganic  Materials. 
Tokyo  Institute  of  Technology. 2-12-1  0-okayama-cho  Meguro-ku. 
Tokyo,  152. JAPAN 

The  authors  have  reported  about  the  calciua  aluainate  based 
ultra-high  strength  ceaent,  or  the  densified  systea  containing 
hoaogeneously  arranged  ultra-fine  particles (DSP) ,  with  highly 
iaproved  bending  strength  and  relatively  large  hardening 
shrinkag.  This  report  deals  with  the  hydration  and  calcination 
aechanisa  of  calciua  aluainate  based  DSP  with  calciua  sulpho- 
aluainate.  The  hardening  shrinkage  becoaes  nearly  zero,  and 
very  high  bending  strength  can  be  obtained  by  calcining  at 
300-600  *C.  The  starting  aaterials  are  a  calciua  aluainate 
compound,  silica  fuse,  calciua  sulphoaluainate  and  superplasti- 
-izer,  and  the  water  to  solid  ratio  is  0.15-0.25.  The  hydration 
and  calcination  aechanisa  and  morphology  are  studied  by  aeans  of 
XRD,  thermal  analysis (DSC) ,  Hg-porosiaetry  and  SEM/EDS.  The 
sain  hydration  products  are  C>AH»,  AH>  and  ettringite,  forming 
a  densely  packed  structure  together  with  a  large  aaount  of  un¬ 
reacted  ceaent  particles.  The  hardening  shrinkage  is  reaarkably 
reduced,  because  of  the  ettringite  formation  in  the  early  stage. 
The  bending  strength  is  about  55MPa,  when  calcined  at  600  "C. 

C 1 A ,  and  CS  are  identified  by  XRD.  needle-shaped  skeleton  of 
ettringite  crystals  are  observed  by  SEM.  It  is  suggested  that 
cheaicaly  bonding  substances  are  CuA,.  amorphous  A1,0,.  and  CS 
in  calcined  calciua  aluainate  based  DSP  with  ettringite. 

Y3.4  ABSTRACT  NOT  AVAILABLE 

Y3.5 

NEW  RAPID  SETTING  ALKALI  ACTIVATED  CEMENT 
COMPOSITIONS,  D  M.  Rov  and  M  R.  Silsbee, The  Materials  Research 
Laboratory,  Pennsylvania  State  University,  University  Park,  Pa. 

Recently  a  new  rapid  setting  cement  composition  has  been  marketed 
under  the  trade  name  *Pyrament*.  This  cement  is  an  alkali-activated 
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blended  cement  composition  that  relies  on  the  action  of  soluble  alkalis 
on  fine-grained  non-crystalline  alumino-silicates  to  produce  high  early 
strengths.  This  report  examines  possible  reaction  mechanisms  of 
"synthetic’  compositions  developed  in  our  own  laboratory.  The 
possibility  of  utilizing  these  rapid  setting  compositions  to  produce  MDF 
cements  is  also  addressed.  Comparisons  are  made  with  the  properties  of 
manufactured  "Pyrament’  cement. 

Y3.6 

CORROSION  BEHAVIOR  OF  CONCRETE  MADE  WITH 
PYRAMENT  CEMENT.  Harovel  G.  Wheat  Mechanical 
Engineering, University  of  Texas  at  Austin 


The  corrosion  resistance  of  concrete  specimens  made  using 
cement  having  the  trade  name  Pyrament  has  been  determined 
by  means  of  polarization  resistance  and  Electrochemical  Impedance 
Spectroscopy.  Three  water-cement  ratios  were  tested,  namely  0.25, 

0.27,  and  0.29.  Based  on  tests  conducted  on  samples  continuously 
immersed  in  a  3.5  %  NaCl  solution  as  well  as  those  subjected  to 
alternating  wetting  and  drying  conditions  for  over  a  year,  the  specimens 
have  exhibited  remarkable  corrosion  resistance.  The  results  of  electro¬ 
chemical  testing  as  well  as  surface  analysis  data  will  be  given. 

Y3.7 

ALKALI  ACTIVATED  SLAG  AND  PORTLAND/ SLAG 
ULTRAFINE  CEMENTS.  William  J, Clarke,  Geochemical 
Corporation,  Ridgewood,  NJ;  and  Maan  Helal, 
Northwestern  University,  Evanston,  IL. 

Ultrafine  Alkali  Activated  Slag  (AAS)  and  Port¬ 
land/Slag  (P/S)  cements  have  been  commercially 
available  in  the  United  States  for  2  and  5  years 
respectively.  Ultrafine  cements  have  been  re¬ 
searched  at  Northwestern  University  for  6  years. 

Particle  size  of  the  ultrafine  slag  is  2  percent 
at  7  micron  and  50  percent  at  3  micron...  ulta- 
fine  portland/slag  is  2  percent  at  10  micron  and 
50  percent  at  4  micron. 

Chemical  composition  of  the  slag  is  35  percent 
SiO_,  16  percent  AljO.,  and  43  percent  CaO.  Com¬ 
position  of  the  50  percent  Portland/ 50  percent 
slag  cement  is  between  portland  and  slag. 

Both  ultrafine  cements  permeate  fine  sands  at 
higher  water  cement  ratio.  Viscosity  plays  an 
important  part  in  the  permeation  mechanism  . . . 
both  grouts  are  below  10  cps  at  2:1  water  cement 
ratio.  This  low  viscosity  is  obtained  through 
superplasticizing  with  naphthalene  sulfonate  and 
acrylic  acid  polymers. 

Application  of  the  ultrafine  cements  includes  dam 
grout  curtain  rehabilitation,  consolidation 
grouting  and  nuclear  and  hazardous  waste  contain¬ 
ment.  One  hundred  and  twenty  metric  ton  of  port¬ 
land/slag  cement  has  been  used  for  hazardous 
waste  containment  at  Niagara  Falls,  New  York. 

Y4.1  ABSTRACT  NOT  AVAILABLE 
Y4.2 

FRACTURE  TOUGHNESS  OF  MACRO-DEFECT-FREE  (MDF) 
CEMENTS  BY  INDENTATION  TECHNIQUE.  Yeone-Shvung 
Chou.  J.  J.  Mecholsky,  Jr.,  M.  Silsbee,  D.  M.  Roy,  J.  Adair.  P. 
Heiland,  Material*  Research  Laboratory,  The  Pennsylvania  State 
University,  University  Park,  PA  16802. 

The  fracture  toughness  of  MDF  cement  with  different  polymer 
contents  has  been  investigated  by  the  indentation-strength  method  and 
fracture  surface  analysis.  Samples  were  cut  into  beams,  indented  at 
loads  from  IKg  to  15Kg  and  broken  in  3-point  flexure.  It  wu  found 
that  the  fracture  toughness  obtained  by  these  two  different  techniques 
showed  good  agreement  for  the  low  (3  v%)  polymer  cement.  R -curve 
behavior,  i.e.,  increasing  crick-growth-resistance  was  also  observed. 


The  ultimate  (apparent)  toughnesses  are  1.3  MPa.m1^  f0r  low  (3  v%) 
polymer  content  and  2.2  MPa-m1^  for  high  (8  v%)  polymer  content 
cement.  Electron  micrographs  showed  a  sponge-like  microstructure 
for  the  high  polymer  cement  and  microcracking  for  the  low  polymer 
cement.  The  effects  of  microstructure  on  fracture  toughness  are 
discussed. 

Y4.3 

THE  CHEMISTRY  OF  MDF  CEMENTS  PRODUCED  FROM 
POLYACRYLAMIDE-CEMENT  WATER  PASTES.  MJL  Silsbee  and 
D.M.  Roy,  The  Materials  Research  Laboratory,  Pennsylvania  State 
University,  University  Park,  Pa. 

It  is  generally  accepted  that  the  role  of  the  polymers  in  these  systems  is 
more  complex  than  simply  acting  as  a  processing  aid.  The  polymer 
interacts  in,  some  way  with  the  cations  released  from  the  cement  to  form 
a  metal  cross-linked  polymer  gel.  Studies  on  complex  formation  in 
polymer  gels  have  shown  that  there  is  often  an  unusual  specificity  in  the 
ions  resulting  in  the  highest  degree  of  complexation.  In  addition  gelation 
often  occurs  only  within  a  narrow  pH  regime.  Hence,  the  results  shown 
here  will  attempt  to  examine  the  effects  of  altering  the  cement 
chemistry  on  strength  development  In  calcium  silicate  cement  based 
systems. 

Y4.4 

IMPROVING  THE  WATER  RESISTANCE  OF  MACRO-DEFECX- 
FREE  CEMENT.  ML  Berg,  P.  P.  Russell  and  J  F.  Young.  Center  for 
Cement  Composite  Materials.  Univ.  of  Illinois.  Urbane,  EL  61801 

Macro-defect-free  cement  composites  made  with  calcium  aluminum 
cement  and  polyvinylalcohcJ  exhibit  hygroscopic  behavior  with 
concomitant  sucugth  loss. 

The  rate  of  moisture  np-mlce  will  be  discussed  and  the  success  erf 
various  strategies  to  control  it  will  be  considered.  Changes  in  the 
proportion  nf  prflynw  rand  and  rim  addninn  of  rmss-linlring  agraitr, 

suen  as  boric  add,  and  a  chromium  (IH)  complex,  have  been  studied. 

The  use  of  silane  conpling  agents  is  another  promising  approach. 

Y4.5 

A  VIEW  OF  MDF  PASTES.  M.R.  Silsbee.  M.  Perez-Pena.  and  D.M. 

Roy,  The  Materials  Research  Laboratory,  Pennsylvania  State  University, 
University  Park,  Pa. 

The  addition  of  water  soluble  polymers  to  cements  pastes  (MDF 
cements)  has  been  examined.  The  microstructures  observed  are  distinctly 
different  from  those  found  in  more  traditional  materials.  The  hydration 
products  formed  tend  to  be  produced  in  lesser  amounts  and  with 
different  morphologies  as  compared  to  traditional  materials.  The  results 
of  SEM,  EDX  and  automated  image  analysis  techniques  will  be 
presented. 

Y4.6  ABSTRACT  NOT  AVAILABLE 
Y5.1  ABSTRACT  NOT  AVAILABLE 
Y5.2 

THE  PROPERTIES  OF  GYPSUM  -  FREE  PORTLAND  CEMENTS 
TomS5  VSeteCka,  Building  Research  Institute  (VUPS) 
Prague,  FrantiSek  SkvSra,  Oaroslav  Hrazdira, 
Institute  of  Glass  and  Ceramics  Chemistry,  Czecho¬ 
slovak  Academy  of  science,  Pius  Ourovec,  CEMENT- 
WORK  Prachovice. 

Gypsum-free  Portland  cements  (GF  cements)  comprise 
the  system  ground  clinker  with  a  specific  area 
of  350-500  m2kg-l  -  grinding  aid-a  surface-active 
substance  with  hydroxyl  groups  (sulphonated  poly- 
phenolate)-alkali  carbonate.  The  physics-chemical 
character  and  the  amount  ot  the  grinding  aid  play 
an  importand  part  in  the  process  of  liqeufaction 
8nd  hydration  of  GF  cements.  The  primary  advanta¬ 
ge  of  GF  cements  is  based  on  the  workability  of 
pastas,  mortars  and  concrete  at  low  water-to-ce- 
ment  ratios,  due  to  the  synergic  effect  of  the  re- 
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gulating  admictures  (grinding  aid-surface  active 
sub. -alkali  carbonate).  Using  various  proportions 
of  the  regulating  admixtures,  it  is  possible  to 
control,  with  a  high  degree  of  reliability,  the 
hydration  process  and  thus  also  the  required  pro¬ 
perties  of  the  composites.  The  GF  cements  chara¬ 
cteristically  very  high  early  strenghts  within 
1-24  hours  (mortars  2-6  MPa  after  2  h,  30-50  MPa 
after  24  h  and  60-100  MPa  after  28  days,  compre- 
siive  strenght  of  concrete,  25-60  MPa  within  24  h 
and  60-110  MPa  after  28  days;  in  the  case  if  spe¬ 
cial  concrete,  20-30  MPa,  80-100  MPa  and  more  then 
140  MPa  after  8  hours,  24  hours  and  28  days  res¬ 
pectively).  Additional  specific  properties  of  the 
GF  cements  include  setting  and  hardening  at  sub¬ 
zero  temperattures ,  resistance  to  aggresive 
media.  Industrial  production  of  the  GF  cements 
was  started  in  1989. 

Y5.3 

LEACHABILITY  OF  CEMENT  SOLIDIFIED  INCINERATOR  WASTE. 
Tahar  El-Korchi.  Worcester  Polytechnic  Institute,  Worcester, 

MA  01609.  David  L.  Gress,  and  Robin  Collins,  University  of  New 
Hampshire,  Durham,  N.H.  03824. 

The  teachability  of  cement  solidified  incinerator  waste  was 
conducted  using  a  weak  acid.  The  release  of  heavy  metals  (i.e. 
As,  Cd,  Pb,  Cr)  from  the  cement  based  matrix  was  observed  as  a 
function  of  pH  and  alkalinity  of  the  leachate. 

Microstructural  characterization  of  the  matrix  was  conducted 
prior  and  during  the  leaching  process  using  scanning  electron 
microscopy  and  X-ray  mapping.  The  heavy  metals  affected  the 
morphological  features  of  the  early  hydration  products  as  well 
as  the  crystalline  formation  of  the  heavy  metal  complex. 

Solubility  of  the  metal  and  effective  release  was  highly 
dependent  on  the  pH  of  the  leachate  and  neutralization  of  the 
alkalinity.  The  metal  release  is  also  dependent  on  the 
physicio-chemical  integrity  of  the  hydration  products. 

A  teaching  model  is  proposed  based  on  metal  release  and 
microstructural  dependence.  A  local  teaching  front  is 
recognized  as  an  integral  part  of  the  rate  of  metal  release 
combined  with  diffusion  and/or  dissolution  from  the  silica  rich 
residual  skeleton. 

Y5.4 

THE  CHEMISTRY  OF  AL-TOBERMORITC  AND  ITS 
COEXISTING  PHASES  AT  173'C  Mary  W,  Barnes  and  Barry 
E.  Scheetz,  The  Pennsylvania  Sate  University,  University  Park, 
Pennsylvania. 

Synthesis  of  Al-tobermorite  were  made  at  175’C  at  Ca/Si  ■  0.7  - 
1.16  and  AI/(A1  +  Si)  ■  0.12.  Two  regions  were  observed.  At 
Ca/Sl  <  1  in  the  presence  of  Na,  reyeritc  coexists  with  tobermorite. 

Ca  is  low,  approximately  0.0003  molal,  while  Si  is  high  about 
0.01  molal.  At  Ca/Si  -  1  only  tobermorite  was  observed.  At  Ca/Si 
>  1  hydrogarnet  coexists  with  tobermorite,  Ca  is  relatively  high 
about  0.003  molal,  and  Si  is  relatively  low,  equal  to  or  less  than 
0.002.  Because  the  interlayer  soacing  of  tobemnorite  is  constant 
for  this  scries  at  11.41  1 0.02  A,  the  A1  content  of  the  solid  is 
assumed  to  be  constant  and  equal  to  the  analyzed  value  for  the  solid 
products  of  the  runs  at  Ca/Si » 1 .0,  in  which  only  tobermorite  was 
observed:  A1 »  0.7  mol/3  mol  Ca.  The  Na  content  observed  in 
these  same  solids  depended  on  the  degree  of  rinsing;  for  a 
double-rinsed  sample  rfa  ■  0.1  mol/5  mol  Ca.  It  is  therefore 
concluded  that  under  these  conditions.  Ns  +  A1  does  not  substitute 
far  SL  The  tobermorUe-reyerite  reaction  may  be  written: 


3C*SAl 0.7  sil.3°lS.7<OH)2  '  <H20+  2Ni*+  1 . 5  Si4  0$  (OU)j'-s 
Na2  Ca14  Si22  Al2  Ojg  (0H)g  2H20  ♦  12H20  +  Ca2*  ♦  30H’ 
log  K  (concentrations)  =  •  2.05  t  0.35. 

Y5.5 

NUMERICAL  SIMULATION  OF  THE  FREEZING  PROCESS  AND 
HYDRAULIC  PRESSURE  FIELDS  IN  A  CEMENTITIOUS  MATRIX. 
Tahar  El-Korchi.  John  M.  Sullivan,  Jr.  and  Andreas  N.  Alexandrou, 
Worcester  Polytechnic  Institute,  Worcester,  MA  01609 

In  severe  cold  climates,  damage  to  concrete  structures  can  be  caused  by 
frost  action  or  cycles  of  freezing  and  thawing.  The  degree  and  mechanism 
of  freeze-thaw  deterioration  is  a  complex  phenomenon  and  depends  on  the 
microstructure  of  the  particular  material  as  weL  as  environmental  conditions. 
Current  practice  for  evaluation  of  cementitious  materials  to  freeze-thaw 
cycles  involves  lengthy  and  costly  experimental  procedures.  Hence,  it  is 
very  desirable  to  predict  the  freeze-thaw  durability  of  construction  materials 
based  on  physio-chemical  characteristics  of  the  matrix.  For  this  purpose  a 
numerical  model  has  been  developed  that  predicts  the  solidification  process 
and  hydraulic  pore  pressures  in  saturated  porous  materials. 

The  nonlinear,  coupled  governing  equations  are  used  in  both  the  frozen  and 
unfrozen  phases.  The  hydraulic  pressure  generated  by  the  volume 
expansion  of  water  during  freezing  is  solved  assuming  a  perfectly  elastic 
continuum.  Realistic  pore  size  distributions  in  cementitious  materials  are 
simulated  The  temperature  dependency  of  the  thermal  properties  (specific 
heat  capacity  ,  thermal  conductivity  and  latent  heat  of  fusion)  is  incorporated 
in  the  numerical  model.  Due  to  the  large  range  of  pore  sizes  in  cementitious 
materials  the  freezing  point  depression  plays  a  major  role  in  the  transient 
simulation  and  is  handled  as  a  function  of  local  curvature  of  the  interface. 
The  interfacial  boundary  conditions  preserve  the  balance  between  the 
sensible  heat  transported  away  from  the  interface  into  the  frozen  and 
unfrozen  zones  and  the  latent  heat  of  fusion  released  during  solidification  at 
the  interface.  Additionally,  the  microscopic  behavior  of  the  interface  due  to 
local  pore  size  distribution  effects  are  incorporated. 

Results  are  compared  to  various  analytic  solutions  where  available  and  to 
existing  experimental  data.  The  simulations  predict  the  transient 
solidification  front  and  hydraulic  pore  pressure  fields  within  the  porous 
matrix  with  fidelity. 

Y5.6 

STRUCTURE  AND  PROPERTIES  OF  ALKALI  SILICATE  BASED 
BINDERS. Ivan  Odler  and  Ulrich  Hennicke.  Technical 
University  o t  Clausthal ,  Clausthal-Zellerf eld , 

Fed. Rep. Germany 

Water  solutions  of  sodium  silicate  Na20  x  n  Si02 
react  with  sodium  fluosilicate  Na2SiFe  to  yield 
SiOj  and  NaF.  This  reaction  is  associated  with  a 
setting  and  hardening  of  the  system.  The  hardened 
material  consist  of  anamorphous  Si02  matrix  with 
embeded  NaF.  Within  the  present  paper  the  kine¬ 
tics  of  the  reaction,  the  structure  of  the  harde¬ 
ned  material  and  its  properties  are  reported. 
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8 —  Rapidly  Solidified  Amorphous  and  Crystalline 
Alloys 

9—  Materials  Processing  in  the  Reduced  Gravity 
Environment  of  Space 

10—  Thin  Rims  and  Interfaces 

1 1—  Scientific  Basis  for  Nuclear  Waste  Management  V 

12—  In  Situ  Composites  IV 

13—  Laser-Solid  Interactions  and  Transient  Thermal 
Processing  of  Materials 

14—  Oetects  in  Semiconductors  II 

1 5—  Scientific  Basis  for  Nuclear  Waste  Management  VI 

1 6—  Nuclear  Radiation  Detector  Materials 

1 7—  Laser  Diagnostics  and  Photochemical 
Processing  for  Semiconductor  Devices 

1 8—  Interfaces  and  Contacts 

19—  Allay  Phase  Diagrams 

20—  intercalated  Graphite 

21—  Phase  Transformations  in  Solids 

22—  High  Pressure  in  Science  and  Technology 

23—  Energy  Beam -Solid  interactions  and  Transient 
Thermal  Procsesing 

24—  Oefact  Properties  and  Processing  of 
High-Tbchnology  NonmetaMc  Materials 

25—  Thin  Rims  and  Interfaces  II 

26—  Scientific  Basis  for  Nuclear  Waste  Management  VII 

27 —  Ion  Implantation  and  ion  Beam  Proceaalng  of 
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RMWiM 

28  fNylrtty  SoMdMsd  Metastable  MittflsH 

20  I  aaer  Controlled  Chemical  Processing  of 
SurfaoM 

30— Ptasma  Processing  and  Synthesis  of  Materials 

Ti  electron  Microscopy  of  Materials 

32—  Better  Ceramics  Through  Chemistry 

33—  Comparison  of  Thin  Rtm  Transistor  and  SOI 
Technologies 


Volume 

34 —  The  Physical  Metallurgy  of  Cast  Iron 

35—  Energy  Beam-Solid  Interactions  and  Transient 
Thermal  Proceasing/1984 

36 —  Impurity  Diffusion  and  Gettering  in  Silicon 

37—  Layered  Structures,  Epitaxy,  and  Interfaces 

38—  Plasma  Synthesis  and  Etching  of  Electronic 
Materials 

39—  High-Temperature  Ordered  Intermetallic  Alloys 

40 —  Electronic  Packaging  Materials  Science 

41—  Advanced  Photon  and  Particle  Techniques  for 
the  Characterization  of  Defects  in  Solids 

42—  Vary  High  Strength  Cement-8ased  Materials 

43—  Ry  Ash  and  Coal  Conversion  By-Products: 
Characterization,  Utilization,  and  Disposal 

44 —  Scientific  Basis  for  Nuclear  Waste  Management  VIII 

45—  Ion  Beam  Processes  in  Advanced  Electronic 
Materials  and  Device  Technology 

48— Microscopic  identification  of  Electronic  Defects 
in  Semiconductors 

47—  Thin  Rims:  The  Relationship  of  Structure  to 
Properties 

48—  Applied  Materials  Characterization 

49—  Materials  issues  In  Applications  of  Amorphous 
Silicon  Technology 

50—  Scientific  Basis  for  Nuclear  waste  Management  IX 

51—  Beam-Solid  Interactions  and  Phase 
Transformations 

52—  Rapid  Thermal  Processing 

53 —  Semiconductor-on-lnsulator  and  Thin  Rim 
Transistor  Technology 

54 —  Thin  Rims — Interfaces  and  Phenomena 

55 —  Biomedical  Materials 

56—  Layered  Structures  and  Epitaxy 

57—  Phase  Transitions  in  Condensed 
Systems— Experiments  and  Theory 

58—  Rapidly  Solidified  Alloys  and  Their  Mechanical 
and  Magnetic  Properties 

59—  Oxygen,  Carbon,  Hydrogen,  and  Nitrogen  in 
Crystalline  Silicon 

60—  Defect  Properties  and  Processing  of 
Hlgh-Tbclmology  Nonmetal  tic  Materials 

61—  Defects  In  Qiaaeaa 

62—  Materials  Problem  Solving  with  the  Transmission 
Electron  Microecops 

63—  Computer  Based  Microscopic  Description  of  the 
Structure  and  Properties  of  Materials 
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Volume 

64 —  Cement-Based  Composites:  Strain  Rate  Effects 
on  Fracture 

65 —  Fly  Ash  and  Coal  Conversion  By-Products: 
Characterization,  Utilization  and  Disposal  II 

66 —  Frontiers  in  Materials  Education 

67—  Heteroepitaxy  on  Silicon  Technology 

68—  Plasma  Processing 

69—  Materials  Characterization 

70—  Materials  Issues  in  Amorphous-Semiconductor 
Technology 

71—  Materials  Issues  in  Silicon  Integrated  Circuit 
Processing 

72—  Electronic  Packaging  Materials  Science  II 

73—  Better  Ceramics  Through  Chemistry  II 

74—  Beam-Solid  Interactions  and  Transient 
Processes 

75 —  Photon,  Beam  and  Plasma  Stimulated  Chemical 
Processes  at  Surfaces 

76—  Science  and  Technology  of  Microfabrication 

77—  Interfaces,  Superlattices,  and  Thin  Films 

78—  Advances  in  Structural  Ceramics 

79—  Scattering,  Deformation  and  Fracture  in 
Polymers 

80 —  Science  and  Technology  of  Rapidly  Quenched 
Alloys 

81—  High-Temperature  Ordered  Inten metallic  Alloys,  II 

82—  Characterization  of  Defects  in  Materials 

83—  Physical  and  Chemical  Properties  of  Thin  Metal 
Overlayers  and  Alloy  Surfaces 

84—  Scientific  Basis  tor  Nuclear  Waste  Management  X 

85 —  Microstructural  Development  During  the 
Hydration  of  Cement 

86—  Fly  Ash  and  Coal  Conversion  By-Products: 
Characterization,  Utilization  and  Disposal  III 

87—  Materials  Processing  In  the  Reduced  Gravity 
Environment  of  Space 

88 —  Optical  Fiber  Materials  and  Properties 

89—  Diluted  Magnetic  (Semlmagnettc)  Semiconductors 
90  Materials  tor  Infrared  Defectors  and  Sources 

91—  Heteroepitaxy  on  Silicon  Technology  II 

92—  Rapid  Thermal  Processing  of  Electronic 

Halariala 

RHnnin 

93 —  Materials  Modification  and  Growth  Using  Ion 

Beams 

94—  Initial  Stages  of  Epitaxial  Growth 

95—  Amorphous  SMcon  Semiconductors— 

Pure  and  Hydrogenated 

f*WT  PWj-rnan  *nt  IJuaui 

«*> — rwilWIMm  MftQnn  RMtinill 

97  Novel  Refractory  Semiconductors 

98 — Plasma  rim  seeing  and  Synthesis  of  Materials 


Volume 

99—  High-Temperature  Superconductors 

100—  Fundamentals  of  Beam-Solid  Interactions  and 
Transient  Thermal  Processing 

1 01—  Laser  and  Particle-Beam  Chemical  Processing 
for  Microelectronics 

102—  Epitaxy  of  Semiconductor  Layered  Structures 

103—  Multilayers:  Synthesis,  Properties,  and 
Nonelectronic  Applications 

104 —  Defects  in  Electronic  Materials 

105 —  SiOj  and  Its  Interfaces 

1 06 —  Polysilicon  Rims  and  Interfaces 

107 —  Silicon-on-lnsulator  and  Buried  Metals  in 
Semiconductors 

1 08—  Electronic  Packaging  Materials  Science  III 

1 09 —  Nonlinear  Optical  Properties  of  Polymers 

1 1 0—  Biomedical  Materials  and  Devices 

1 1 1—  Microstructure  and  Properties  of  Catalysts 

1 1 2—  Scientific  Basis  for  Nuclear  Waste  Management  XI 

1 1 3—  Fly  Ash  and  Coal  Conversion  By-Products: 
Characterization,  Utilization,  and  Disposal  IV 

1 1 4 —  Bonding  in  Cementitious  Composites 

1 1 5 —  Specimen  Preparation  for  Transmission 
Electron  Microscopy  of  Materials 

1 1 6—  Heteroepitaxy  on  Silicon:  Fundamentals, 
Structures,  and  Devices 

1 1 7—  Process  Diagnostics 

1 1 8—  Amorphous  Silicon  Technology 

1 1 9—  Adhesion  in  Solids 

1 29— High-Temperature/High-Performance 
Composites 

121—  Better  Ceramics  Through  Chemistry  III 

122—  Interfacial  Structure,  Properties,  and  Design 

1 23—  Materials  Issues  in  Art  and  Archaeology 

1 24 —  Microwave  Processing  of  Materials 

1 25 —  Materials  Stability  and  Environmental 
Degradation 

126—  Advanced  Surface  Processes  for 
Optoelectronics 

1 27 —  Scientific  Basis  for  Nuclear  Vtfeste  Management  XII 

1 28—  Processing  and  Characterization  of  Materials 
Using  Ion  Beams 

i  °9 — Laser  and  Particle-Beam  Modification  of 
Chemical  Processes  on  Surfaces 

i  Thin  Rims:  Stresses  and  Mechanical 
Properties 

131—  Chemical  Perspectives  of  Microelectronic 

Materials 

1 32—  Multicomponent  Ultrefine  Microstructures 

133—  High  Temperature  Ordered  InterroetaHtc  Alloys  III 
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Volume 

1 34 —  The  Materials  Science  and  Engineering  of 
Rigid-Rod  Polymers 

1 35—  Solid  State  ionics 

1 36 —  Fly  Ash  and  Coal  Conversion  By-  Products: 
Characterization,  Utilization  and  Disposal  V 

1 37—  Pore  Structure  and  Permeability  of 
Cementitious  Materials 

1 38—  Characterization  of  the  Structure  and 
Chemistry  of  Defects  in  Materials 

1 39 —  High  Resolution  Microscopy  of  Materials 

140—  New  Materials  Approaches  to  Tribology:  Theory 
and  Applications 

141—  Atomic  Scale  Calculations  in  Materials  Science 

142—  Non-Destructive  Monitoring  of  Materials 
Properties 

1 43 —  Synchrotron  Radiation  in  Materials  Research 

1 44 —  Advances  in  Materials,  Processing  and  Devices 
in  lll-V  Compound  Semiconductors 

145 —  lll-V  Heterostructures  tor  Electronic/Photonic 
Devices 

146—  Rapid  Thermal  Annealing/Chemical  Vapor 
Deposition  and  Integrated  Processing 

1 47—  Ion  Beam  Processing  of  Advanced  Electronic 
Materials 

1 48—  Chemistry  and  Defects  in  Semiconductor 
Heterostructures 

149—  Amorphous  Silicon  Technology  1989 

1 50—  Materials  for  Magneto-Optic  Data  Storage 

1 5 1—  Growth,  Characterization,  and  Properties  of 
Ultrathin  Magnetic  Films  and  Multilayers 

1 52—  Optical  Materials:  Processing  and  Science 

1 53—  Interfaces  between  Polymers,  Metals,  and 
Ceramics 

1 54—  Electronic  Packaging  Materials  Science  IV 

1 55—  Processing  Science  of  Advanced  Ceramics 

1 56—  High  Temperature  Superconductors: 
Relationships  between  Properties,  Structure, 
and  Solid-State  Chemistry 

Proceedings  from  the 
1989  MRS  Fall  Meeting 

Titles  from  the  1989  Fall  Meeting  are  available  for  a 

limited  time  at  special  pre-publication  prices.  Place  your 

advance  order  during  the  meeting  at  the  MRS 

Publications  Desk,  or  contact  MRS. 

Volume/Symposium 

1 57/A— Beam  Solid  Interactions:  Physical 

Phenomena,  J.A.  Knapp,  P.  Borgesen, 

R.A.  Zuhr,  1990 

1 58/B — In-SItu  Patterning:  Selective  Area  Deposition 
and  Etching,  R.  Rosenberg,  A.F.  Bernhardt, 

J.G.  Black,  1990 

1 59/C— Atomic  Scale  Structure  of  Interfaces, 

R.D.  Bringans,  R.M.  Feenstra,  J.M.  Gibson,  1990 


160/D— Layered  Structures:  Heteroepitaxy, 

Superlattices,  Strain,  and  Metastability, 

B.W.  Dodson,  L.J.  Schowalter,  J.E.  Cunningham, 

F.H.  Poliak,  1990 

1 61 /E— Properties  of  ll-VI  Semiconductors:  Bulk 
Crystals,  Thin  Films,  Quantum  Well 
Structures  and  Dilute  Magnetic  Systems, 

J.F.  Schetzina,  F.J.  Bartoli,  Jr.,  H.F.  Schaake,  1990 
1 62/F— Diamond,  Boron  Nitride,  Silicon  Carbide  and 
Related  Wide  Bandgap  Semiconductors, 

J. T.  Glass,  R.F.  Messier,  N.  Fujimori,  1990 
1 63/G— Impurities,  Defects  and  Diffusion  in 

Semiconductors:  Bulk  and  Layered 
Structures,  J.  Bemholc,  E.E.  Haller, 

D.J.  Wolford,  1990 

1 64/H— Materials  Issues  in  Microcrystalline 

Semiconductors,  P.M.  Fauchet,  C.C.  Tsai, 

K.  Tanaka,  1990 

1 65/1— Characterization  of  Plasma-Enhanced  CVD 
Processes,  D.E.  Ibbotson,  D.W.  Hess, 

G.  Lucovsky,  1990 

1 66/J— Neutron  Scattering  for  Materials  Science, 

S.M.  Shapiro,  S.C.  Moss,  J.D.  Jorgensen,  1990 
1 67/K— Advanced  Electronic  Packaging  Materials, 

J.  Partridge,  C-Y.  Li,  C.J.  Chen,  A.  Barfknecht, 
1990 

1 68/L— Chemical  Vapor  Deposition  of  Refractory 
Metals  and  Ceramics,  T.M.  Besmann, 

B. M.  Gallois,  1990 

169/M— High  Temperature  Superconductors: 

Fundamental  Properties  and  Novel  Materials 
Processing,  J.  Narayan,  C.W.  Chu, 

L. F.  Schneemeyer,  D.K.  Christen,  1990 

1 70/N— Tailored  Interfaces  in  Composite  Materials, 

C. G.  Pantano,  E.J.H.  Chen,  1990 
171/0— Polymer  Based  Molecular  Composites, 

D. W.  Schaefer,  J.E.  Mark,  1990 

1 72/P— Optical  Fiber  Materials  and  Processing, 

J.W.  Fleming,  G.H.  Sigel,  S.  Takahashi, 

P.W.  France,  1990 

1 73/Q— Electrical,  Optical  and  Magnetic  Properties  of 
Organic  Solid-State  Materials,  L.Y.  Chiang, 

D.O.  Cowan,  R  Chaikin,  1990 
1 74/R— Materials  Synthesis  Utilizing  Biological 

Processes,  RD.  Calvert,  M.  Alp er,  PC.  Rieke, 
1990 

175/S — Multi-Functional  Materials,  D.R.  Ulrich, 

F.E.  Karasz,  A.J.  Buckley,  G.  Gallagher-Daggitt, 
1990 

1 76/U— Scientific  Basis  for  Nuclear  Waste 

Management  XIII,  V.M.  Oversby,  RW.  Brown, 
1990 

177/V— Macromolecular  Liquids,  C.R.  Safinya, 

S.A.  Safran,  P.A.  Pincus,  1990 
1 78/W— Fly  Ash  and  Coal  Conversion  By-Products: 
Characterization,  Utilization  and  Disposal  VI, 

R.L.  Day,  FR  Glasser,  1990 

1 79/Y— Specialty  Cements  with  Advanced  Properties, 

H.  Jennings,  A.G.  Landers,  B.E.  Scheetz, 

I.  Odler,  1990 
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Extended  Abstracts 


Volume 

EA-1—  Laser  Chemical  Processing  of  Semiconductor 
Devices 

EA-2— Graphite  Intercalation  Compounds 
EA-3— Alloy  Phase  Diagrams 

EA-4 — Fractal  Aspects  of  Materials:  Metal  and 

Catalyst  Surfaces,  Powders  and  Aggregates 

EA-5— Beam  Induced  Chemical  Processes 
EA-6 — Fractal  Aspects  of  Materials 
EA-7—  Nonlinear  Optical  Materials 
EA-8 — Graphite  Intercalation  Compounds 
EA-9— Superconducting  Materials 
EA-10— Fractal  Aspects  of  Materials  II 
EA-11— High  Temperature  Superconductors 


Volume 

EA-12— Structure-Property  Relationships  in  Optical 
Materials 

EA-1 3 — Fractal  Aspects  of  Materials:  Disordered  Systems 

EA-14 — High-Temperature  Superconductors 

EA-1 5 — Diamond  and  Diamond-Like  Materials 
Synthesis 

EA-1 6 — Graphite  Intercalation  Compounds:  Science 
and  Applications 

EA-1 7— Fractal  Aspects  of  Materials:  Disordered 
Systems 

EA-1 8 — Selected  Topics  in  Electronic  Materials 

EA-1 9— Technology  Update  on  Diamond  Rims 

EA-20— Fractal  Aspects  of  Materials  (from  1989  Fall 
Meeting) 


MRS  Communications 

Communications  on  the  Materials  Science  and  Engineering  Study,  compiled  by  MRS,  1986 


MRS  Conference  Proceedings 


Code 

VLSI— Tungsten  and  Other  Refractory  Metals  for 
VLSI  Applications 

VLSI  II— Tungsten  and  Other  Refractory  Metals  for 
VLSI  Applications  II 

TMC— Ternary  and  Multinary  Compounds 

V-lll— Tungsten  and  Other  Refractory  Metals  for  VLSI 
Applications  III 


Code 

AMEC— Atomic  and  Molecular  Processing  of 
Electronic  and  Ceramic  Materials: 
Preparation,  Characterization  and 
Properties 

MFSO— Materials  Futures:  Strategies  and 
Opportunities 

V-IV— TUngsten  and  Other  Refractory  Metals  for  VLSI 
Applications  IV 


Proceedings  of  the  MRS  International 
Meeting  on  Advanced  Materials 

(May  3(kJune  3, 1988  in  Tokyo,  Japan) 


IMAM-1— Symposium  N:  Biomaterials;  Symposium  P: 
Ionic  Polymers;  Symposium  Q:  Ordered 
Polymers  for  High  Performance  Materials 

IMAM-2— Symposium  I:  Hydrogen-Absorbing 
Materials;  Symposium  0:  Catalytic 
Materials 

IMAM-3— Symposium  B:  Rapid  Quenching; 

Symposium  C:  Powder  Preparation 

IMAM-4 — Symposium  A:  Composites;  Symposium  G: 
Corrosion/Coating  of  Advanced  Materials 

IMAM-5— Symposium  J:  Structural  Ceramics; 
Symposium  M:  Fracture  Mechanics 

IMAM-6— Symposium  D:  Superconductivity 


IMAM-7— Symposium  E:  Superplasticity 

IMAM-8 — Symposium  F:  Joints  of  Metals  and 
Ceramics 

IMAM-9— Symposium  H:  Shape  Memory  Materials 
IMAM-10 — Symposium  K:  Multilayers 

IMAM-11— Symposium  L:  Mterostructure-Properly 
Relationship  In  Magnetic  Materials 

IMAM-12— Symposium  R:  Photoresponsive  Materials 

IMAM-13 — Symposium  S:  Advanced  Cements  and 
Chemically  Bonded  Ceramics 

IMAM-14 — Symposium  T:  Biosensors 


Also  available:  ICEM-Intemational 
Conference  on  Electronic  Materials 

(June  13-15, 1988,  Tokyo,  Japan) 
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FRONTIERS 

MATERIALS  SCIENCE 


Tutorials  on  the  "frontier  topics''  of  materials  research 

available  from  MRS  on  VHS  and  U-Matic. 

TITLE  AND  SPEAKER 

Defect  Engineering  in  Semiconductors 

State  of  the  Art  Non-Destructive  Evaluation 

(HC.  Gatos,  MIT) 

(R.  Green  Jr.,  Johns  Hopkins  University) 

Recent  Advances  in  Fblymers 

New  Materials  Technology  tor  Highways 

(H.  Mark,  Fblytechnic  Institute  of  New  York) 

(R.  Decker,  University  Science  Partners) 

Superconductor  Design  and  Application 

Fractals  and  Disorderly  Growth  (P.  Meakin  E.l.  duFbnt  de 

(E.W.  Collings,  Battefie  Columbus  laboratories) 

Nemours  &  Company) 

Tribology  Update 

Ultrathin  Film  Growth  from  Langmuir  Blodgett  to  Self-Assembly 

(K.C.  Ludema.  University  of  Michigan) 

(A.  Ulman,  Eastman  Kodak  Company) 

Mechanics  of  Electronic  Packaging  Materials 

Failure  Analysis  in  Materials  Research 

(H.  Hieber.  Philips  GmbH) 

(M.  Louthan  Jr.,  Savannah  River  Laboratory) 

A  Case  History  of  Materials  Development: 

Properties  of  Hydrogenated  Amorphous  Silicon 

Optical  Fibers 

(J.8  MacChesney.  AT&T  Bell  laboratories) 

(R.  A.  Street,  Xerox  Palo  Alto  Research  Center) 

Also  available  on  VHS  and  U-Matfc:  "High  Temperature  Superconductors,"  tapes  of  two  recent  MRS  Symposia 

and  Linus  Pauling's  Plenary  Address  at  the  1989  MRS  Spring  Meeting. 

The  new,  comprehensive 


monograph  by  two 


respected  authorities 


in  the  held... 


Principles  and  Applications  to  Materials  Problems 


M.K.  Millet,  Oak  Ridge  National  laboratory 
6.O.W.  Smith,  University  of  Oxford 


AVAILABLE 
ONLY  FROM  THE 
MATERIALS 
RESEARCH  SOCIETY 


The  first  monograph  to  address 
this  increasingly  important  sub- 
iect.  Atom  Probe  Microanalysis 
offers  a  practical  guide  to  the 
process  and  technique  of  study¬ 
ing  materials  at  the  atomic  level.  It 
provides  an  up-to-date  introduc¬ 
tion  for  nonspedafists  as  well  as 
helpful  reference  for  those  already 
working  in  the  field 


Material  presented  in  Atom  Probe 
Meroanalysis  has  been  success¬ 
fully  tested  in  the  classroom.  Drs. 
Milter  and  Smith  introduced  their 
popular  short  course  on  the  atom 
probe  at  the  1987  MRS  Fall 
Meeting  in  Boston,  and  since  that 
time  the  book  has  served  as  a 
core  reference  for  that  class 


Course  Review  Copies: 

Instructors  may  examine  Atom 
Probe  Microanalysis  at  no  charge 
for  15  days.  Contact  the  MRS 
Publications  Department  at  (412) 
367-3012  for  details. 

Visit  the  MRS 
Publications  Desk 
for  mote  information 


Inuoi  MMM 

Atom  Probe  Microanalysis 
ISBN:  0-931837-99-5 
Order  Code  APM 
$40.00  MRS  Members 
$47.00  U  S.  List 
$56.00  Elsewhere 


MRS  accepts  check  or  money  order  (payable  in  U  S  Dollars),  purchase  order,  and 
Visa,  MasterCard  and  Diner's  Qub  cards  Order  from  the  Materials  Research 
Soaety.  Publications  Department,  9800  McKnighl  Road,  Piltsburgh.  PA  15237 
USA.  telephone  (41 2)  367  3012;  tax  (412)  367-4373, 


'In  Europe  Afnca  and  the  MkkAp  E asf  o>Oer 
from  Clarke  Associates  Europe  Lid 
13a  Small  Seem  Bnstoi  BSi  iDE  England 
telephone  027?  268864  fa.  0272  226*37 
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April  16-21,  San  Francisco,  California 


John  C.  Bravman 

Stanford  University 
Department  of  Materials 
Science  &  Engineering 
Building  550 
Stanford,  CA  94305 
Telephone  (415)  723-3698 
FAX  (415)  725-4034 


Meeting  Chairs 

C.  Jeffrey  Brlnker 

Sandia  National  Laboratories 
Division  1846 
P.O.  Box  5800 
Albuquerque,  NM  87185 
Telephone  (505)  846-3552 
FAX  (505)  846-5064 


William  H.  Butler 

Oak  Ridge  National  Laboratory 
Building  4500S 
RO.  Box  2008,  MS  114 
Oak  Ridge,  TN  37831-6114 
Telephone  (615)  574-4845 
FAX  (615)  574-7721 


SYMPOSIUM  A 

BETTER  CERAMICS  THROUGH  CHEMISTRY  IV 

C  J.  Brinker,  Sandia  National  Laboratories, 

(505)  846-3552,  FAX  (505)  846-5064 

D.E.  Clark,  University  of  Florida,  (904)  392-7660, 

FAX  (904)  392-6359 

Donald  R.  Ulrich,  Air  Force  Office  of  Scientific 
Research,  (202)  767-4963 
Brian  J.J.  Zelinski,  Arizona  Materials  Laboratories, 
(602)  322-2977,  FAX  (602)  322-2993 

SYMPOSIUM  B 

ADVANCED  METALLIZATIONS  IN 
MICROELECTRONICS 

Avishay  Katz,  AT&T  Bell  Laboratories,  (201)  582-2261, 
FAX  (201)  582-5917 

Shyam  P.  Murarka,  Rensselaer  Polytechnic  Institute, 
(518)  276-2978,  FAX  (518)  276-8761 
Ami  Appelbaum,  Rockwell  International  Corporation, 
(214)  996-6522.  FAX  (214)  996-5545 

SYMPOSIUM  C 

POLYSILICON  THIN  FILMS  AND  INTERFACES 

Bruha  Raicu,  Integrated  Technology  Associates, 

(408)  773-8614;  FAX  (408)  235-7028 
T.  Kamins,  Hewlett-Packard,  (415)  857-5470, 

FAX  (415)  857-5308 

Carl  V.  Thompson,  Massachusetts  Institute  of 
Technology,  (617)  253-7652,  FAX  (617)  258-8539 

SYMPOSIUM  D 

CRITICAL  CURRENTS  IN  HIGH-TEMPERATURE 
SUPERCONDUCTORS 

John  R.  Clem,  Iowa  State  University,  (515)  294-4223, 
FAX  (515)  294-0689 

Jack  W.  Ekin,  National  Institute  of  Standards  & 
Technology.  (303)  497-5448,  FAX  (303)  497-5316 
Sungho  Jin,  AT&T  Bell  Laboratories,  (201)  582-4076, 
FAX  (201)  582-2913 

Donald  M.  Kroeger,  Oak  Ridge  National  Laboratory, 
(615)  574-5155,  FAX  (615)  574-6073 

SYMPOSIUM  E 

HIGH  RESOLUTION  ELECTRON  MICROSCOPY  OF 
DEFECTS  IN  MATERIALS 

Robert  Sinclair,  Stanford  University,  (415)  723-1102, 
FAX  (415)  725-4034 

Ulrich  Dahmen,  University  of  California,  Berkeley, 
(415)  486-4627,  FAX  (415)  486-4888 
David  J.  Smith,  Arizona  State  University, 
(602)9654540 


SYMPOSIUM  F 

DEGRADATION  MECHANISMS  IN  lll-V  COMPOUND 
SEMICONDUCTOR  DEVICES  &  STRUCTURES 

V.  Swaminathan,  AT&T  Bell  Laboratories, 

(201)  5824981,  FAX  (201)  582-5917 
Stephen  J.  Pearton,  AT&T  Bell  Laboratories, 

(201)  5824757,  FAX  (201)  582-5917 

Omar  Manasreh,  Wright  Research  &  Development 

Center,  (513)  2554474,  FAX  (513)  255-5375 

SYMPOSIUM  G 

MATERIALS  ISSUES  IN  ART  AND  ARCHAEOLOGY  II 

James  R.  Druzik,  Getty  Conservation  Institute, 

(213)  822-2299;  FAX  (213)  821-9409 
Pamela  B.  Vandiver,  Smithsonian  Institution, 

(301)  238-3734,  FAX  (301)  238-3667 
George  Wheeler,  Metropolitan  Museum  of  Art, 

(212)  570-3858,  FAX  (212)  570-3879 

SYMPOSIUM  H 

MATERIALS  FOR  SENSORS  AND  SEPARATIONS 

Marc  Anderson,  University  of  Wisconsin-Madison, 

(608)  262-2470,  FAX  (608)  262-0454 

John  Armor,  Air  Products  and  Chemicals,  Inc., 

(215)  481-5792,  FAX  (215)  4814600 

D.  Jed  Harrison,  University  of  Alberta,  (403)  492-2790, 

FAX  (403)  492-8231 

Antonio  J.  Ricco,  Sandia  National  Laboratories, 

(505)  8464947,  FAX  (505)  846-2009 

SYMPOSIUM  I 

ALLOY  PHASE  STABILITY  AND  DESIGN 

G.  Malcolm  Stocks,  Oak  Ridge  National  Laboratory, 
(615)  574-5163,  FAX  (615)  574-7721 
David  R  Pope,  University  of  Pennsylvania, 

(215)  898-9837,  FAX  (215)  898-1130 

Anthony  F.  Giamei,  United  Technologies  Research 

Center,  (203)  727-7172,  FAX  (203)  727-7669 

SYMPOSIUM  J 

THIN  FILM  STRUCTURES  AND  PHASE  STABILITY 

Bruce  M.  Clemens,  Stanford  University,  (415)  725-7455, 
FAX  (415)  7254034 

William  L.  Johnson,  California  Institute  of  Technology, 
(818)  3564433,  FAX  (818)  795-1547 

SYMPOSIUM  K 

THIN  FILMS;  STRESSES  AND  MECHANICAL 
PROPERTIES  II 

Warren  Oliver,  Oak  Ridge  National  Laboratory, 

(615)  5767245,  FAX  (615)  574-7721 

Mary  Doerner,  International  Business  Machines, 

(408)  284-8369,  FAX  (408)  2568481 
George  Pharr,  Rice  University,  (713)  527-8101,  Ext. 
3573,  FAX  (713)  2865136,  Bitnet:  PHARR@RICE 
Franz  R.  Brotzen,  Rice  University,  (713)  527-8101, 

FAX  (713)  2865136 
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SYMPOSIUM  L 

MICROWAVE  PROCESSING  OF  MATERIALS 

William  B.  Snyder,  Oak  Ridge  National  Laboratory, 

(615)  576-2178,  FAX  (615)  574-8216 
Willard  H.  Sutton,  United  Technologies  Research 
Center,  (203)  727-7639,  FAX  (203)  727-7669 
D.  Lynn  Johnson,  Northwestern  University, 

(312)  491-3584,  FAX  (312)  491-4133 

Magdy  F.  Iskander,  University  of  Utah,  (801)  581-6944, 

FAX  (801)  581-8692 

SYMPOSIUM  M 

PLASMA  PROCESSING  AND  SYNTHESIS  OF 
MATERIALS 

Diran  Apelian,  Drexel  University,  (215)  895-1541, 

FAX  (215)  895-4929 

Julian  Szekely,  Massachusetts  Institute  of  Technology, 
(617)  253-3236,  FAX  (617)  253-8124 

SYMPOSIUM  N 

LASER  ABLATION  FOR  MATERIALS  SYNTHESIS 

David  C.  Paine,  Brown  University,  (401)  863-1457, 

FAX  (401)  863-1157 

John  C.  Bravman,  Stanford  University,  (415)  723-3698, 
FAX  (415)  725-4034 

SYMPOSIUM  O 

AMORPHOUS  SILICON  TECHNOLOGY  - 1990 

PC.  Taylor,  University  of  Utah,  (801)  581-4484, 

FAX  (801)  581-4801 

Malcolm  J.  Thompson,  Xerox  PARC,  (415)  494-4561 , 
FAX  (415)  4944919 

P.G.  LeComber,  University  of  Dundee,  United  Kingdom, 
44-382-23181,  FAX  44-382-201604 
Y.  Hamakawa,  Osaka  University,  Japan,  81-6-844-1151, 
FAX  81-6-853-1362 

Arun  Madan,  Colorado,  (303)  526-9016, 

FAX  (303)  526-1718 

SYMPOSIUM  P 

SURFACE  AND  NEAR  SURFACE  STRUCTURE  OF 
POLYMER  INTERFACES 

Jeffry  A.  Kelber,  Sandia  National  Laboratories, 

(505)  844-5436,  FAX  (505)  844-9624 
Ralph  G-  Nuzzo,  AT&T  Bell  Laboratories, 
(201)582-5486 

Matthew  V.  Tirrell,  University  of  Minnesota, 

(612)  625-0192,  FAX  (612)  626-7246 

Ernesto  Occhiello,  istrtuto  Guido  Donegani,  Italy, 

FAX  (39)  32144-7378 

SYMPOSIUM  Q 

ATOMIC  SCALE  CALCULATIONS  OF  STRUCTURE  IN 
MATERIALS 

Michael  A.  Schluter,  AT&T  Bell  Laboratories, 
(201)582-3106 

Murray  S.  Daw,  Sandia  National  Laboratories, 

(415)  294-2198,  FAX  (415)  294-3231 

SYMPOSIUM  R 

INTERMETALLIC  MATRIX  COMPOSITES 

Donald  L.  Anton,  United  Technologies  Research 
Center,  (203)  727-7174,  FAX  (203)  727-7879 
Robert  McMeeking,  University  of  California,  Santa 
Barbara,  (805)  9614583,  FAX  (805)  961-8124 
Daniel  Miracle,  United  States  Air  Force, 
Wright-Patterson  AFB,  (513)  255-9833, 

FAX  (513)  255-9792 

Patrick  Martin,  Los  Alamos  National  Laboratory, 

(505)  667-8168,  FAX  (505)  667-1754 


SYMPOSIUM  S 

PHYSICAL  PHENOMENA  IN  GRANULAR 
MATERIALS 

Theodore  H.  Geballe,  Stanford  University, 

(415)  723-0215,  FAX  (415)  7230010 

Ping  Sheng,  Exxon  Research  &  Engineering, 

(201)  730-2870,  FAX  (201)  730-3042 
G.D.  Cody,  Exxon  Research  &  Engineering, 

(201)  730-3022;  FAX  (201)  730-3042 

SYMPOSIUM  T 

SUPERPLASTICITY  IN  METALS,  CERAMICS,  AND 
INTERMETALLICS 

Merriiea  J.  Mayo,  Sandia  National  Laboratories, 

(505)  846-3551,  FAX  (505)  846-5064 
Jeffrey  Wadsworth,  Lockheed  Missile  &  Space  Co., 
Inc.,  (415)  424-2234,  FAX  (415)  354-5415 
Masaru  Kobayashi,  Technological  University  of 
Nagaoka,  Japan,  025646-6000,  Ext.  7120, 

FAX  025846-6972 

Amiya  K.  Mukherjee,  University  of  California  at  Davis, 
(916)  752-1776;  FAX  (916)  752-8058 

SYMPOSIUM  U 

MATERIALS  INTERACTIONS  RELEVANT  TO  THE 
PULP,  PAPER  AND  WOOD  INDUSTRIES 

June  D.  Passaretti,  Pfizer  Minerals  Research  Center, 
(215)  861-3431,  FAX  (215)  861-3412 
Daniel  Caulfield,  USDA  Forest  Service,  (608)  231-9436, 
FAX  (608)  231-9592 

Rustum  Roy,  Pennsylvania  State  University, 

(814)  865-3421,  FAX  (814)  865-2326 
Vance  Setterholm,  USDA  Forest  Service, 

(608)  264-5878;  FAX  (608)  264-5692 

SYMPOSIUM  V 

EPITAXIAL  HETEROSTRUCTURES 

Don  W.  Shaw,  Texas  Instruments,  Inc.,  (214)  9954788, 
FAX  (214)  995-5539 

John  C.  Bean,  AT&T  Bell  Laboratories,  (201)  582-3324, 
FAX  (201)  582-3901 

Vassilis  G.  Keramidas,  Bellcore,  (201)  758-3353, 

FAX  (201)  758-9626 

Paul  S.  Peercy,  Sandia  National  Laboratories, 

(505)  8444309,  FAX  (505)  846-2009 

SYMPOSIUM  W 

WORKSHOP  ON  SPECIMEN  PREPARATION  FOR 
TRANSMISSION  ELECTRON  MICROSCOPY  OF 
MATERIALS  II 

Ron  Anderson,  IBM,  (914)  892-2225, 

FAX  (914)  892-2555 

SYMPOSIUM  X 

FRONTIERS  OF  MATERIALS  RESEARCH 

Robert  A.  Huggins,  Stanford  University,  (415)  7234110, 
FAX  (415)  7254034 

SYMPOSIUM  Y 

FERROELECTRIC  THIN  FILMS 

Angus  I.  Kingon,  North  Carolina  State  University, 

(919)  737-2347,  FAX  (919)  737-3419 
Edward  R.  Myers,  National  Semiconductor, 

(408)  721-2258,  FAX  (408)  736-8503 
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1990  Spring  Meeting:  April  16-21 

San  Francisco  Marriott  Hotel 
San  Francisco,  CA 
Meeting  Chairs: 

John  C.  Bravman  (415)  723-3698;  FAX  (415)  7254034 
C.  Jeffrey  Brinker  (505)  846-3552;  FAX  (505)  846-5064 
William  H.  Butler  (615)  5744845;  FAX  (615)  574-7721 
Abstract  Deadline:  November  15, 1989 

1990  Fall  Meeting:  November  26  •  December  1 

Boston  Marriott  Hotel  and  Westin  Hotel/Copley  Place 
Boston,  Massachusetts 
Meeting  Chairs: 

Robert  Hull  (201)  582-6455;  FAX  (201)  582-3901 
Gregory  J.  McCarthy  (701)  237-7193;  FAX  (701)  237-7050 
Frans  Spaepen  (617)  495-3760;  FAX  (617)  495-9837 
Abstract  Deadline:  July  1, 1990 

1991  Spring  Meeting:  April  29  -  May  3 

Anaheim  Marriott  Hotel 
Anaheim,  California 
Meeting  Chairs: 

A.K.  Hays  (505)  844-7632;  FAX  (505)  844-1543 
Ernesto  E.  Marinero  (408)  927-2016;  FAX  (408)  927-2100 
Carl  V.  Thompson  (617)  253-7652;  FAX  (617)  2566539 
Abstract  Deadline:  November  15, 1990 

1991  Fall  Meeting:  December  2-7 

Boston  Marriott  Hotel  and  Westin  Hotel/Copley  Place 
Boston,  Massachusetts 
Meeting  Chairs: 

Julia  M.  Phillips  (201)  5824428;  FAX  (201)  582-2521 
Michael  M.J.  Treacy  (201)  730-2755;  FAX  (201)  730-3042 
Man  H.  Yoo  (615)  574-5165;  FAX  (615)  574-7721 
Abstract  Deadline:  July  1, 1991 

International  Conference  on  Electronic  Materials-1990: 

September  17-19 

Newark,  New  Jersey 

Co-sponsored  by: 

Materials  Research  Society,  European  Materials  Research  Society, 
and  the  Japan  Society  of  Applied  Physics 
Abstract  Deadline:  May  1, 1990 
R.P.H.  Chang  (312)  491-3598;  FAX  (312)  4914181 
Takeo  Sugano  (813)  812-2111  #6675,  FAX  (813)  818-5706 
Van  Tran  Nguyen  (33)  76  76  40  69;  FAX  (33  76  90  34  43) 

International  Conference  on  New  Diamond  Sciences  and  Technology  (ICNDST-90): 

September  23-27 

Crystal  City,  Virgina 

Co-sponsored  by: 

Materials  Research  Society  and  the  Electrochemical  Society 
Russell  Messier  (814)  8663423;  FAX  (814)  8662326 


769 


1989  FALL  MEETING 
ACTIVITIES  LOCATOR 


A:  Beam-Solid 

Interactions 

B:  in  Sits 

Patterning 

C:  Atomic  Scale 

Structure 

D:  Layered 

Structures 

E:  Properties  ofll-VI 

Semiconductors 

F:  Wide  Bandgap 

Semiconductors 

G:  Defects  in 

Semiconductors 

H:  Microcrystalline 

Semiconductors 

I:  Plasma- 
Enhanced  CVD 

J:  Neutron 

Scattering 

K:  Electronic 

Packaging 

L:  CVD  Refractory 

Metals/Ceramics 

M:  High-Temperature 

Superconductors 

N:  Interfaces  in 

Composites 

0:  Polymer  Based 

Molecular  Composites 

P:  Optical  Fiber 

Materials 

Q:  Organic  Solid- 
State  Materials 

S:  Multi-functional 

Materials 

T:  Fractals 

W:  Fly  Ash  and  Coal 

Conversion  By-Products 

X:  Frontiers  of 

Materials  Research 

Y:  Specialty 

Cements 

Meeting  Registration 

Manuscript  Room 

Equipment  Exhibit 

MRS  Short 

Courses 

SUNDAY 
NOV.  26 


MONDAY,  NOV. 

27 

a.m.  (  p.m. 

eve 

6:00  p.m.  Plenary  Session 
Salon  E,  Marriott  Hotel 
Robert  N.  Noyce 


TUESDAY,  NOV.  28 


WEDNESDAY,  NOV.  29 


THURSDAY  NOV.  30 


FRIDAY  DEC.  1 


Salon  A  B(M) 

Amenca 
Ballroom  (W) 

Salon  A/B  (M) 

SalonC  D(M) 

aw 

SalonC  D(M) 

Salon  H  l(M) 

■K 

Salon  H  1{M) 

Amenca  South  (VV) 

Amenca  South  (W) 

Suffolk  (M) 

Suffol(M) 

Salon  F(M) 

Amenca 
Ballroom  (VV) 

Salon  F  (M) 

Yarmouth 
Vineyard  (M) 


Salon  I  K  (MY 


Provmcetown 

Orleans(M) 


America 
Ballroom  (VV) 


Salon)  K (MY 


Yarmouth 
Vineyard  (M) 


Provmcetown 
Orleans  (M) 


Essex  MV  (IV) 


Marriott  Hotel  Caw  Cod  Hyannis  •  4th  Floor 
Westin  Hotel  St.  George  A  -  3rd  Floor 
Open  Daily  7  30  a  m  •  5  30  p  m 


a.m.  p.m. 


Salon  E  (M) 


Salon  A/B  (M) 


SalonC  D (M) 


Salon  H/1(M) 


America  South  (W) 


Suffolk  (M 


Salon  F  |M) 


America  Salon  E(M) 

Ballroom  (W) 


America  SalonAB(M) 

Ballroom  (W) 


America  Salon  CD  (M) 

Ballroom  (W) 


Salon  H  I  (M) 


Essex  South  |  W| 


Essex  NC(  IV) 


Essex  NE  (YVl 


Staffordshire  I  VV) 


America 
North  (VV) 


Essex 

Center  (W) 


Amenca 
Ballroom  (VV) 


Amenca 
Ballnxim  (VV) 


Essex  NE  (VV) 


Staffordshire  (VV) 


Essex 

Center  (VV) 


Fourth  Floor 
(Ml 

7:30  a.m  -noon 


University  Hall  (M) 

Noon  •  1 00  p  m 

Deli  Lunch 

Noon  - 1  30  p.m 

Reception  5:00  -  7.00  p.m 

University  Hall  (M) 

9:30a  m.  ■  5:00p.m. 

Deli  Lunch 

Noon  - 1.30  p.m 

Unversitv  Hall  (M) 

9:30a  m  ■  2:00 p  m 

Deli  Lunch 

NYxm  •  1.30  p  m 

iPfjl 

C-01.CI9.P-16. 

C-01.C-19,  P-16, 

C-19,  P-16 

M-04.  C-03,  C-06, 

M-04,  C-03. 

F-OT.F-08 

F-01.F-08 

F-02.  F-04 

C-20,  P-06,  P-12. 

P-14,  P-15,  f-04 

008,  P-06 
P-14.  F-04 

